


Introduction 
Founded in 1983, with headquarters in San Jose, California, Micro 
linear is a leading manufacturer of high performance standard and 
semi-standard analog and mixed-signal ICs for specific market 
applications as well as supplying analog user-specific integrated 
circuits (USICs). 

Focusing at achieving the high levels of integration customers 
want, Micro linear provides ICs at the sub-system level, addressing 
five specific end markets: power and motion control, hard disk 
drives, analog telecom, local area networks and data converters! 
filters. These products use a variety of bipolar and CMOS process 
technologies chosen to optimize performance and level of 
integration. 

For power control applications where high volumetric efficiency is 
a benefit, Micro linear offers a broad line of high-frequency 
switching power supply controllers. Anticipating the emerging 
energy and noise regulations for electronic equipment, Micro 
linear introduced the industry'S first power factor control IC and 
has followed that up with a family of products applicable to many 
types of electronic equipment including electronic lamp ballasts. 

Micro linear has emerged as a major supplier to the competitive, 
fast moving and high volume hard disk drive industry. High 
performance analog ICs are supplied for the three subsystem 
areas: data path signal processing, head positioning and motor 
control. Its products have been widely used in 3.5 inch drives, led 
by its dedicated servo chip set which establishes the standard for 
minimum access time disk drives. 

The company's telecommunications lC's meet the demanding 
technical specifications required for Network Communications 
Terminating Equipment (NCTE). The NCTE products consist of a 
broad line of programmable attenuators, line equalizers, tone 
detectors and generators. 

In the local area network market, Micro linear has focused on 
supplying transceivers that conform to the IEEE 802 standards for 
transmission over twisted copper wire pairs and fiber optics. The 
company presently supplies standard and semi-standard 10Base-T 
transceivers for computer terminations and Multiport Repeaters 
and quantizers for fiber optic based systems. 

Among its converter and filter products are high performance ND 
and D!A converters and switched capacitor filters. The AID's range 
from 8- to 12- bits and use electronic techniques, such as digital 
correction, instead of trim methods to achieve cost effective high 
performance parts. 

A pioneer in analog semi-custom integrated circuits, Micro linear 
continues to expand its unique tile array for use in USICs. This 
advanced proprietary tile array approach methodology means that 
custom designs can be easily and quickly integrated into silicon 
with minimum expense. 

Since its inception, Micro linear has been committed to 
excellence in every facet of design and manufacturing. Micro 
linear has focused its resources on supplying customers with 
exceptionally high quality, reli~ble, and responsive service. 
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LIFE SUPPORT POLICY 

MICRO LINEAR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS 
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF MICRO LINEAR CORPORATION. As used herein: 

1. Life support deVices or systems are devices or systems which, <a) 
are intended for surgical implant into the body, or <b) support or 
sustain life, and whose failure to perform, when properly used in 
accordance with instructions for use provided in the labeling, 
can be reasonably expected to result in a significant injury to 
the user. 

2. A critical component is any component of a life support device 
or system whose fa;l~re to perform can be reasonably expected 
to cause the failure of the life support device or system, or to 
affect its safety or effectiveness. 

'Micro Linear is a registered trademark of Micro Linear Corporation 

Micro Linear reserves the right to make ch~nges to any product herein to improve reliability, function or design. Micro Linear does not assume 
any liability arising out of the application or use of any product described herein, neither does it convey any license under its patent right nor 
the rights of others. 

Micro Linear uses outside vendors to provide silicon wafer processing and assembly packaging. Micro Linear reserves the right to provide 
products that are manufactured at any or all of.its qualified vendors and to add new vendors as required. 

From time to time, the company may supply silicon that has been 1) revised or 2) supply a compacted version of an array based product. 
When the modified version of the product completely conforms to the Micro Linear data sheet, this substitution will be done without any 
prior notification. 
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'Micro Linear General 
Ordering Information 

PART NUMBER 

PACKAGE TYPE 

Part Number and Package Type Explanation 

ML xxxx x x x 

T T 
Package Type 

Temperature Range 

M= -55°Cto +125°C 

I = -40°C to +85°C 

C=OOCto +70°C 

Number of letter mdlcates electncal grade of part 

Three or four digit genenc or product part number 

Micro lmear Prefix or for second source device IS the same as ongmal source 

Letter Suffix 
D 
F 
J 
l 
P 
Q 
S 

Description 
Side Brazed Hermetic DIP 
Flat Pack 
Ceramic Hermetic DIP (CERDIP) 
Ceramic lead less Chip Carrier (lCC) 
Plastic DIP 
Plastic Chip Carrier (PCC) 
Small Outline (SOIC) 
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ilL Micro Linear Cross Reference Guide 

Alternate Source Part Number 

Analog Devices National Semiconductor 

Analog Devices Micro Linear 
Part NumhPr Direct Rep~Z!re!!!e~tl 

I NSC I Micro Linear 
P~!"t Number n:rarf D.o...,.I-30I".o....,,6.,,+1 _ .. _ .......... '"'..., ............... " .... 

AD7820BQ Ml2261C1) ADC0808C) ADC0808C) 
AD7820CQ Ml2261BI) Ml2258BM) 
AD7820KN Ml2261CCP ADC0808CC) ADC0808CC) 
AD7820KP Ml2261CCQ Ml2258BI) 
AD7820lN Ml2261BCP ADC0808CCV ADC0808CCV 
AD7820LP ML2261BCQ Ml2258BIQ 
AD7820TQ Ml2261CM) ADC0809CCN ADC0808CCN 
AD7820UQ Ml2261BM) Ml2258C1P 
AD7824BQ Ml2264CI) ADC0809CCV ADC0809CCV 
AD7824CQ ML2264BI) Ml2258C1Q 
AD7824KN ML2264CCP ADC0820BC) Ml2261BIj 
AD7824LN ML2264BCP ADC0820BCN Ml2261BCP 
AD7824TQ ML2264CM) ADC0820BCV Ml2261BCQ 
AD7824UQ Ml2264BM) ADC0820CC) Ml2261C1) 

ADC0820CCN Ml2261CCP 

Exar 

Exar Micro Linear 
Part Number Direct Replacement1 

ADC0820CCV Ml2261CCQ 
ADC0820C) Ml2261CM) 
ADC0831BC) ADC0831BC) 

Ml2281BIj 

XRl17R-2CP Mll17R-2CP ADC0831BCN ADC0831BCN 

XRl17R-4CP Mll17R-4CP Ml2281BCP 

XRl17R-4MD Mll17R-4CS ADC0831CC) ADC0831CC) 

XRl17R-6C) Mll17R-6CQ 
XRl17R-6CP Mll17R-6CP 

Ml2281C1) 
ADC0831CCN ADC0831CCN 

XRl17R-6MD Mll17R-6CS Ml2281CCP 

XRl17-2CN Mll17-2C) ADC0832BC) ADC0832BC) 

XRl17-2CP Mll17-2CP Ml2282BI) 

XRl17-2MD Mll17-2CS ADC0832BCN ADC0832BCN 

XRl17-4CN MLl17-4C) 
XRl17-4CP Mll17-4CP 

Ml2282BCP 
ADC0832CC) ADC0832CC) 

XRl17-4MD Mll17-4CS Ml2282CI) 

XRl17-6C) Mll17-6CQ 
XRl17-6CN Mll17-6C) 
XR117-6CP Mll17-6CP 

ADC0832CCN ADC0832CCN 
Ml2282CCP 

ADC0833BC) ADC0833BC) 

XRl17-6MD Mll17-6CS Ml2283BI) 
ADC0833BCN ADC0833BCN 

Ml2283BCP 
Linear 'Technology ADC0833CC) ADC0833CC) 

LTC Micro Linear ML2283CIj 

Part Number Direct Replacement1 ADC0833CCN ADC0833CCN 

lTC1060AC) Ml2110BIj2 
lTC1060ACN Ml2110BCP' 
LTC1060AM) Ml2110BMj2 
LTC1060C) Ml2110Clj2 
lTC1060CN Ml2110CCP' 

Ml2283CCP 
ADC0834BC) ADC0834BC) 

Ml2284BIj 
ADC0834BCN ADC0834BCN 

ML2284BCP 

LTC1060M) Ml2110CMl' 

Note 1. 100% pin-for·pin compatible with Improved electrical specifications. 
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40°C to +85°C product as molded; Micro linear does this on a customer need basis. 
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Cross Reference Guide 

National Semiconductor (Continued) Silicon Systems, Inc. 

N5C Micro Linear 551 Micro Linear 
Part Number Direct Replacement' Part Number Direct Replacement' 

ADC0834CC] ADC0834CC] 551 32PS41-CH Ml541CQ 
Ml2284C1] 551 32P541-P Ml541CP 

ADC0834CCN ADC0834CCN 551 32PS41A-CH ML4042CQ 
Ml2284CCP 551 32P541A-P ML4042CP 

ADC0838BC] ADC0838BC] 551 32PS41 B-CH ML4042CQ 
Ml2288BI] 551 32PS41 B-P ML4042CP 

ADC0838BCN ADC0838BCN 551 32R117R-2P ML117R-2CP 
Ml2288BCP 551 32R117R-4F Ml117R-4CF 

ADC0838BCV ADC0838BCV 551 32R117R-4P ML117R-4CP 
Ml2288BCQ 551 32R117R-6F ML117R-6CF 

ADC0838CC] ADC0838CC] 551 32R117R-6H ML117R-6CQ 
Ml2288C1] 551 32R117R-6P ML117R-6CP 

ADC0838CCN ADC0838CCN 551 32R117-2P ML117-2CP 
Ml2288CCP 551 32R117-4F ML117-4CF 

ADC0838CCV ADC0838CCV 551 32R117-4P ML117-4CP 
Ml2288CCQ 551 32R117-6F ML117-6CF 

ADC1061C1] Ml2271CI] 551 32R117-6H ML117-6CQ 
ADC1061CIN Ml2271CCp3 551 32R117-6P ML117-6CP 
ADC1061C1WM Ml2271CCS3 551 32RS01 R-6H MLS01R-6CQ 
ADC1061CM] Ml2271CM] 551 32R501 R-8F MLS01R-8CF 
DPS016QC MlS01-6CQ 551 32R501 R-8H MLS01R-8CQ 
DPS016RQC MlS01R-6CQ 551 32RS01 R-8P MLS01R-8CP 
DPS018QC MlS01-8CQ 551 32R501-6H MLS01-6CQ 
DPS018RQC MlS01R-8CQ 551 32RS01-8F Ml501-8CF 
pAS016QC MlS01-6CQ 551 32R501-8H MLS01-8CQ 
pAS016RQC MlS01R-6CQ 551 32R501-8P MLS01-8CP 
pAS018QC MlS01-8CQ 551 32R511 R-4S Ml511R-4CS 
pAS018RQC MlS01R-8CQ 551 32R511 R-6H MLS11R-6CQ 
DP8464BN-3 Ml8464B-3CP2 551 32RS11 R-6P MLS11R-6CP 
DP8464BV-3 Ml8464B-3CQ2 551 32R511 R-6S MLS11R-6CS 
DP8464BN-2 Ml8464B-2CP2 551 32R511 R-8H MlS11R-8CQ 
DP8464BV-2 Ml8464B-2CQ2 551 32R511 R-8P MlS11R-8CP 
DP8464BN-2 Ml8464B-2Cp2 551 32RS11 R-8S Ml511R-8CS 
DP8464BN-3 Ml8464B-3CP2 551 32R511-4S MLS11-4CS 
DP8464BV-2 Ml8464B-2CQ2 551 32RS11-6H MLS11-6CQ 
DP8464BV-3 Ml8464B-3CQ2 551 32R511-6P MlS11-6CP 
DP8468BTP-3 Ml4S68-3CQ2 551 32R511-6S MLS11-6CS 
DP8468BTP-2 Ml4S68-2CQ2 551 32R511-8H MLS11-8CQ 
lMF100CCN Ml2111CCP 551 32R511-8P MlS11-8CP 
LMF100CCWM Ml2111CCS 551 32RS11-8S MlS11-8CS 
MF10A] Ml2110CMj2 
MF10ACN Ml2110BCp2 
MF10CC] Ml2110CIj2 
MF10CCWM Ml2110CCS2 
MF10CCN Ml2110CCp2 

Note 1. 100% pin-for-pin compatIble with improved electrical specifIcatIons. 
Note 2. Consult data sheet for electrical specificatIons that may vary from limit or condItIons of alternate source. 
Note 3. Alternate source ships -40·C to +85·C product as molded; MIcro linear does thIs on a customer need basis. 
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Cross Reference Guide 

'Rtxas Instruments VTC 

NSC Micro Linear VTC Micro Linear 
Part Number Direct Replacement! Part Number Direct Replacement! 
ADC0808Mj Ml2258BMj 
ADC0808FN Ml2258BCQ 
ADC0808N Ml2258BIP 
ADC0809FN Ml2258CCQ 
ADC0809N Ml2258CIP 

VM117-2DK Ml117-2CJ 
VM117-2PK ML117-2CP 
VM117-4FK ML117-4CF 
VM117-4PK Ml117-4CP 

TlC0820ACN Ml2261CCP VM117-4DK Ml117-4CJ 
TlC0820ACFN Ml2261CCQ VM117-6PK Ml117-6CP 
TlC0820BCN Ml2261BCP VM117-6DK Ml117-6Cj 
TlC0820BCFN Ml2261BCQ VM117-6PK Ml117-6CP 
ADC0831ACP M12281CCP VM117-6PlK ML117-6CQ 
ADC0831AIP Ml2281C1j3 VM117R-2DK Ml117R-2CJ 
ADC0831BCP Ml2281BCP VM117R-2PK Ml117R-2CP 
ADC0831BIP Ml2281BIJ3 
ADC0832ACP Ml2282CCP 
ADC0832AIP Ml2282CIj3 
ADC0832BCP Ml2282BCP 
ADC0832BIP M12282BIj3 
ADC0834ACN Ml2284CCP 

VM117R-4FK ML117R-4CF 
VM117R-4PK Ml117R-4CP 
VM117R-4DK ML117R-4Cj 
VM117R-6DK Ml117R-6CJ 
VM117R-6PK Ml117R-6CP 

ADC0834AfN Ml2284C1j3 VM117-6PlK Ml117R-6CQ 
ADC0834BCN Ml2284BCP VM217-6PK Ml501-6CP 
ADC0834BIN Ml2284BIj3 VM217-6PlK Ml501-6CQ 
ADC0838ACN Ml2288CCP VM217-8PK Ml501-8CP 
ADC0838AIN Ml2288CIj3 VM217-8PLK Ml501-8CQ 
ADC0838CCN Ml2288BCP 
ADC0838BIN Ml2288BIj3 

Unitrode 

Unitrode Micro Linear 
Part Number Direct Replacement! 

UC1823j Ml4823Mj 
UC1825j Ml4825Mj 
UC2823N Ml48231P 
UC2823Q ML4823IQ 
UC2825N ML48251P 
UC2825Q ML4825IQ 
UC3823N ML48231P 
UC3823Q ML4823CQ 
UC3825N ML48251P 
UC3825Q Ml4825CQ 

Note 1. 100% pin-for-pin compatible with Improved electrical specifications. 
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40·C to +85OC product as molded; Micro Linear does thiS on a customer need basis. 

1-4 'Micro Linear 



'-Micro Linear 

Alpha Numeric Index 

FB3410 

FB3420 

FB3430 
FB3480 

FB3490 
FB3491 

FB3492 

FB3605 

FB3610 

FB3620 
FB3621 

FB3622 

FB3623 

FB3630 
FB3631 

FB3635 

FB3651 
MLl17 

MLl17R 

ML501 

ML501R 

ML502 
ML502R 

ML502S 

ML511 

ML511R 
ML541 

ML1825 

ML2003 

ML2004 

ML2008 
ML2009 

ML2020 
ML2021 

ML2031 

ML2032 
ML2035 

ML2036 

Small General Purpose Tile Array ................................................................ . 

Medium General Purpose Tile Array ............................................................ . 

Large General Purpose Tile Array ............................................................... .. 

High Frequency Power Supply Controller Array ............................................... . 

General Purpose PWM Controller Array ....................................................... .. 
Resonant Mode Controller Array ................................................................ . 

Phase Modulation Controller Array .............................................................. . 

Small High Frequency Tile Array ................................................................ . 

General Purpose Tile Arrays ...................................................................... . 

General Purpose Tile Arrays ...................................................................... . 
Medium High Frequency Tile Array ............................................................. . 

Medium Power Schottky Tile Array .............................................................. . 

Medium High Power Tile Array .................................................................. . 

General Purpose Tile Arrays ...................................................................... . 

Large Mixed Analog/Digital Tile Array ........................................................... . 
Mixed Analog/Digital Tile Array .................................................................. . 

LAN Transceiver Array ............................................................................ . 

2, 4, or 6-Channel Read/Write Circuits .......................................................... . 

2, 4, or 6-Channel Read/Write Circuits with Damping Resistors .............................. . 

6, 7, or 8-Channel Read/Write Circuits .......................................................... . 
6, 7, or 8-Channel Read/Write Circuits with Damping Resistors ............................... . 

6, 7, or 8-Channel Read/Write Circuits for Thin Film Heads .................................. .. 

6, 7, or 8-Channel Read/Write Circuits for Thin Film Heads with Damping Resistors ....... . 

6, 7, or 8-Channel Read/Write Circuits .......................................................... . 

4, 6, 7, or 8-Channel Read/Write Circuits ....................................................... . 

4, 6, 7, or 8-Channel Read/Write Circuits with Damping Resistors ............................ . 
Read Data Processor ............................................................................. .. 
High Frequency Power Supply Controller ...................................................... . 

Logarithmic Gain/Attenuator ..................................................................... . 

Logarithmic Gain/Attenuator ..................................................................... . 

JlP Compatible Logarithmic Gain/Attenuator .................................................... . 
JlP Compatible Logarithmic Gain/Attenuator .................................................... . 

Telephone Line Equalizer ......................................................................... . 

Telephone Line Equalizer ......................................................................... . 
Programmable Tone Detector .................................................................... . 

Programmable Tone Detector .................................................................... . 
Programmable Sinewave Generator ............................................................. . 

Programmable Sinewave Generator ............................................................. . 
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7-20 

7-20 

7-20 

6-99 
6-110 
6-111 

6-112 

7-11 

7-12 
7-12 

7-13 

7-14 

7-15 

7-12 
7-16 

7-17 

4-46 

5-3 

5-3 
5-11 

5-11 

5-11 

5-11 
5-11 

5-19 

5-19 
5-27 

6-2 

3-2 

3-2 

3-13 
3-13 
3-22 

3-33 

3-44 

3-44 
3-52 

3-52 
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Alpha Numeric Index 

ML2110 

ML2111 

ML2200 
ML2200EX 

ML2208 

ML2208EX 

ML2222 

ML2223 

ML2230 

ML2233 

ML2252 
Ml2258 

ML2259 
Ml2261 

ML2264 

ML2271 

ML2280 
Ml2281 

ML2282 

ML2283 

ML2284 

ML2288 
ML2340 

ML2341 

ML2350 

ML2351 

ML4025 
ML4041 

'ML4042 
ML4401 

ML4402 

ML4403 
ML4404 

ML4406 

ML4407 

ML4408 

ML441 0 
ML4413 

ML4415 

Ml4416 

ML4417 

ML4427 

ML4431 
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Universal Dual Switched Capacitor Filter ............................................. 3-64 

Universal Hi-Frequency Dual Filter .................................................. 3-83 
Data Acquisition Peripheral ......................................................... 2-5 
Exerciser .......................................................... ;.............. 2-23 

Data Acquisition Peripheral ......................................................... 2-5 
Exerciser ......................................................................... 2-23 

Serial Out 12-Bit PIus Sign AID Con'veller with ScunfJle drill Huld ...................... 2-35 
Serial CODEC/DSP Interface 12-Bit Plus Sign AID Converter with Sample and Hold ...... 2-49 

Serial Asynchronous Interface 12-Bit Plus Sign AID Converter with Sample and Hold ..... 2-50 

liP Compatible 12-Bit Plus Sign AID Converter with Sample and Hold .................. 2-51 

liP Compatible 12-Bit Plus Sign AID Converter with Sample and Hold .................. 2-67 

liP Compatible 8-Bit AID Converter with 2-Channel Multiplexer ........................ 2-83 
liP Compatible 8-Bit AID Converter with 8-Channel Multiplexer ........................ 2-94 

liP Compatible 8-Bit AID Converter with 8-Channel Multiplexer ........................ 2-83 

liP Compatible High Speed 8-Bit AID Converter with TIH (S/H) ........................ 2-105 

4-Channel High Speed 8-Bit AID Converter with TIH (S/H) ............................ 2-120 

liP Compatible High Speed 10-Bit AID Converter with SIH ............................ 2-135 
8-Bit Serial 1/0 AID Converter ...................................................... 2-148 

8-Bit Serial AID Converter .......................................................... 2-166 

8-Bit Serial AID Converter with 2-Channel Multiplexer ................................ 2-166 

8-Bit Serial AID Converter with 4-Channel Multiplexer ................................ 2-148 

8-Bit Serial AID Converter with 4-Channel Multiplexer ................................ 2-166 
8-Bit Serial AID Converter with 8-Channel Multiplexer ................................ 2-166 

8-Bit DIA Converter with Programmable Gain and Reference .......................... 2-186 

8-Bit DIA Converter with Programmable Gain and Reference .......................... 2-197 

8-Bit DIA Converter with Programmable Gain and Reference .......................... 2-186 

8-Bit DIA Converter with Programmable Gain and Reference .......................... 2-197 
Data Separator .................................................................... 5-37 

Read Data Processor 5-46 

Read Data Processor ....................... '........................................ 5-46 

Servo Demodulator ................................................................ 5-57 

Servo Driver ...................................................................... 5-63 

Servo Controller .................................................................. 5-68 
Trajectory Generator .............................................. '................. 5-78 

Disk Voice Coil Servo Driver ....................................................... 5-89 

Disk Voice Coil Servo Driver ....................................................... 5-89 

Low Voltage Disk Voice Coil Servo Driver ........................................... 5-95 

Sensorless Spindle Motor Controller ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5-97 
Servo Controller .................................................................. 5-68 

15-Channel ReadlWrite Circuit...................................................... 5-105 

14-Channel ReadlWrite Circuit wtih CS .............................................. 5-105 

Zoned Bit Recording Circuit ........................................................ 5-113 

Zoned Bit Recording Circuit ........................................................ 5-113 
Servo Demodulator ................................................................ 5-123 
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Ml4510 

Ml4568 

Ml4621 

Ml4622 

Ml4651 

Ml4652 

Ml4654 

Ml4657 

Ml4658 

Ml4661 

Ml4809 

Ml4810 

Ml4811 

Ml4812 

Ml4812 

Ml4813 

Ml4815 

Ml4816 

Ml4817 

Ml4818 

Ml4819 

Ml4823 

Ml4825 

Ml8464B 

Ml8464C 

Alpha Numeric Index 

5V Sensorless Spindle Motor Controller ............................................ . 

Disk Pulse Detector + Embedded Servo Detector .................................... . 

Fiberoptic Data Quantizer ..••......•........................•........•............• 

Fiberoptic Data Quantizer ..•.•.•...•.......•...•....•.......................•...•.. 

10BASE-T Transceiver ..........•.•....••.......•.•...•..•...................••....•. 

10BASE-T Transceiver ..........•.••...••.......•...•••...•..••.•.....•.............. 

10BASE-T Transceiver for Multi-Port Repeaters ....................................... . 

10BASE-T Transceiver with Autopolarity ............................................ .. 

10BASE-T Transceiver with Autopolarity ............................................ .. 

FOIRl Transceiver ............•..........•.••.•.....•.••.........••...•..••.•.•••.. 

High Frequency Current Mode PWM Controller ..................................... . 

High Frequency Current Mode PWM Controller ..................................... . 

High Frequency Current Mode PWM Controller ..................................... . 

Power Factor Controller •.............••..•.......•..•••.••......•••••••.....••..•. 

Power Factor Controller Evaluation Kit •..............•.....•...•.......•......•..•..• 

Flyback Power Factor Controller ................................................... . 

Zero Voltage Switching Resonant Controller ........................................ . 

High Frequency Multi-Mode Resonant Controller .................................... . 

High Frequency Single-Ended PWM Controller ...................................... . 

Phase Modulation/Soft Switching Controller ••........•.....••..•...........•......... 

Power Factor and PWM Controller "Combo" ................••...............•...... 

High Frequency Current Mode PWM Controller ..................................... . 

High Frequency Current Mode PWM Controller ..................................... . 

Pulse Detector .•....•..••.•.•...............•...............•................•.... 

Pulse Detector ••....•..........••..•...••..•..•..•.....•...•...................... 
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6-71 

6-85 

6-92 
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AI D Converters, DI A Converters 

Section 2 

Selection Guide .......................................................... . 

ML2200 12-Bit + Sign Data Acquisition Peripheral ............................ . 

ML2208 12-Bit + Sign Data Acquisition Peripheral ............................ . 

ML2200EX, ML2208EX Exerciser ............................................. . 

ML2221 Serial Peripheral Interface 12-Bit Plus Sign AID Converter 

with Sample & Hold ..•.................................................. 

ML2222 Serial CODECIDSP Interface 12-Bit Plus Sign AID Converter 

with Sample & Hold .................................................... . 

ML2223 Serial Asynchronous Interface 12-Bit Plus Sign AID Converter 

with Sample & Hold .................................................... . 

ML2230 J1.P Compatible 12-Bit Plus Sign AID Converter with Sample and Hold .. . 

ML2233 J1.P Compatible 12-Bit Plus Sign AID Converter with Sample and Hold ..• 

ML2252 J1.P Compatible 8-Bit AID Converter with 2-Channel Multiplexer ....... . 

ML2258 J1.P Compatible 8-Bit AID Converter with 8-Channel Multiplexer ....... . 

ML2259 J1.P Compatible 8-Bit AID Converter with 8-Channel Multiplexer ....... . 

ML2261 J1.P Compatible High Speed 8-Bit ND Converter with T/H (S/H) ........ . 

ML22644-Channel High Speed 8-Bit AID Converter with T/H (S/H) ............ . 

ML2271 J1.P Compatible High Speed 10-Bit AID Converter with S/H ........•.... 

ML2280 8-Bit Serial AID Converter ....................................•..•.. 

ML2281 8-Bit Serial AID Converter ......................................... . 

ML2282 8-Bit Serial AID Converter with 2-Channel Multiplexer ................ . 

ML2283 8-Bit Serial AID Converter with 4-Channel Multiplexer ................ . 

ML2284 8-Bit Serial AID Converter with 4-Channel Multiplexer ...............•. 

ML2288 8-Bit Serial AID Converter with 8-Channel Multiplexer ................ . 

ML2340 Single Supply Programmable 8-Bit D/A Converter .................... . 

ML2341 Single Supply Programmable 8-Bit D/A Converter .................... . 

ML2350 Single Supply Programmable 8-Bit D/A Converter .................... . 

ML2351 Single Supply Programmable 8-Bit D/A Converter .................... . 

'Micro Linear 

2-1 

2-5 

2-5 

2-33 

2-35 

2-49 

2-50 

2-51 

2-67 

2-83 

2-94 

2-83 

2-105 

2-120 

2-135 

2-148 

2-166 

2-166 

2-148 

2-166 

2-166 

2-186 

2-197 

2-186 

2-197 

III 



'Micro Linear 



'Micro Linear AI D Converters 

Selection Guide 

Non Conversion Power Temperature 
Part Resolution Linearity Dynamic Performance Time Supplies Range' 

Number (Bits) (Max LSB) Signal to Noise Ratio 1J.ts) (V) C I M Package Comments 

ADC0808 8 ±1/2 6.6 5 (±10%) X X X 28-Pin DIP' pP Comp, 
28-Pin PCC 8-CH 

ADC0809 8 ±1 6.6 5 (±10%) X X X 28-Pin DIP. pP Comp, 
28-Pin PCC 8-CH 

ADC0831B 8 ±1/2 6.0 5 (±10%) X X X 8-Pin DIP Serial 110, 
Single CH 

ADC0831C 8 ±1 6.0 5 (±10%) X X X 8-Pin DIP Serial 1/0, 
Single CH 

ADC0832B 8 ±1/2 6.0 5 (±10%) X X X 8-Pin DIP Serial 110, 
2-CH 

ADC0832C 8 ±1 6.0 5 (±10%) X X X 8-Pin DIP Serial 110, 
2-CH 

ADC0833B 8 ±1/2 6.0 5 (±10%) X X X 14-Pin DIP Serial 110, III 
4-CH 

ADC0833C 8 ±1 6.0 5 (±10%) X X X 14-Pin DIP Serial 1/0, 
4-CH 

ADC0834B 8 ±1/2 6.0 5 (±10%) X X X 14-Pin DIP Serial 1/0, 
4-CH 

ADC0834C 8 ±1 6.0 5 (±10%) X X X 14-Pin DIP Serial 1/0, 
4-CH 

ADC0838B 8 ±1/2 6.0 5 (±10%) X X X 20-Pin DIP' Serial 110, 
20-Pin PCC 8-CH 

ADC0838C 8 ±1 6.0 5 (±10%) X X X 20-Pin DIP' Serial 110, 
20-Pin PCC 8-CH 

ML2200B 12 + Sign ±3/4 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 40-Pin DIP 4-CH Data Acq 
SIN 72dB Peripheral 

ML2200C 12 + Sign ±1 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 4O-Pin DIP 4-CH Data Acq 
SIN 72dB Peripheral 

ML2200D 12 + Sign ±1 8.5kHz, ±2.5V SI N E, 44 ±5 (±5%) X 40-Pin DIP 4-CH Data Acq 
SIN 72dB Peripheral 

ML2208B 12 + Sign ±3/4 12kHz, ±2.5V SI N E, 31.5 ±5 (±5%) X 40-Pin DIP 8-CH Data Acq 
SIN 72dB Peripheral 

ML2208C 12 + Sign ±1 12kHz, ±2.5V SI N E, 31.5 ±5 (±5%) X 4O-Pin DIP 8-CH Data Acq 
SIN 72dB Peripheral 

ML2208D 12 + Sign ±1 8.5kHz, ±2.5V SINE, 44 ±5 (±5%) X 40-Pin DIP 8-CH Data Acq 
SIN 72dB Peripheral 

ML2221B* 12 + Sign ±3/4 8.5kHz, ±5.0V SINE, 44 ±5 (±5%) X X 16-Pin DIP. Serial, S.P.1. 
SIN 72dB 20-Pin PCC 

ML2221C* 12 + Sign ±1 8.5kHz, ±5.0V SINE, 44 ±5 (±5%) X X 16-Pin DIP, Serial, S.P.I. 
SIN 72dB 20-Pin PCC 

ML2222B* 12 + Sign ±3/4 12kHz, ±2.5V SINE, 35 ±5 (±5%) X X 16-Pin DIP, Serial, CODEC 
SIN 72dB 20-Pin PCC 

ML2222C* 12 + Sign ±1 12kHz, ±2.5V SI N E, 35 ±5 (±5%) X X 16-Pin DIP, Serial, CODEC 
SIN 72dB 20-Pin PCC 

* Future Products 
Note 1. Temperature Range: 

C = O·C to + 70·C, I = -40·C to +85·C, M = -55·C to + 125·C 
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AID Converters 

Non Conversion Power Temperature 
Part Resolution Linearity Dynamic Performance Time Supplies Range' 

Number (Bits) (Max LSB) Signal to Noise Ratio Ips) M C I M Package Comments 

M12223B* 12 + Sign ±3/4 8.5kHz, ±5.0V SINE, 44 ±5 (±5%) X X 16-Pin DIP, Serial, ASYNC 
SIN 72dB 20-Pin PCC 

Ml2223C' 12 + Sign ±1 8.5kHz, ±5.0V SINE, 44 ±5 (±5%) X X 16-Pin DIP, Serial, ASYNC 
SIN 72dB 20-Pin PCC 

Ml2230B 12 + Sign ±3/4 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 24-Pin DIP, JlP Comp, 
SIN 72dB 8-Bit Bus 

M122JOC 12 + Sign ±1 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 24-Pin DIP, JlP Comp, 
SIN 72dB 8-Bit Bus 

M12230D 12 + Sign ±1 8.5kHz, ±2.5V SINE, 44 ±5 (±5%) X 24-Pin DIP, JlP Comp, 
SIN 72dB 8-Bit Bus 

Ml2233B 12 + Sign ±3/4" 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 28-Pin DIP, JlP Comp, 
SIN 72dB 16-Bit Bus 

M12233C 12 + Sign ±1 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 28-Pin DIP, JlP Comp, 
SIN 72dB 16-Bit Bus 

M12233D 12 + Sign ±1 8.5kHz, ±2.5V SINE, 44 ±5 (±5%) X 28-Pin DIP, JlP Comp, 
SIN 72dB 16-Bit Bus 

Ml2252B 8 ±112 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIP, JlP Comp, 
SIN 47dB 20-Pin PCC 2-CH 

M12252C 8 ±1 51kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIP, JlP Comp, 
SIN 47dB 20-Pin PCC 2-CH 

M12258B 8 ±1/2 51kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIP, JlP Comp, 
SIN 47dB 20-Pin PCC 8-CH 

M12258C 8 ±1 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIP, JlP Comp, 
SIN 47dB 20-Pin PCC 8-CH 

M12259B 8 ±1/2 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 28-Pin DIP, JlP Comp, 
SIN 47dB 28-Pin PCC 8-CH 

Ml2259C 8 ±1 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 28-Pin DIP, JlP Comp, 
SIN 47dB 28-Pin PCC 8-CH 

Ml2261B 8 ±1/2 250kHz, 5V SINE, .67 5 (±5%) X X X 20-Pin DIP, JlP Comp, 
SIN 48dB 20-Pin PCC RD/WR 

Ml2261C 8 ±1 250kHz, 5V SINE, .67 5 (±5%) X X X 20-Pin DIP, JlP Comp, 
SIN 48dB 20-Pin PCC RD/WR 

Ml2264B 8 ±1/2 250kHz, 5V SINE, .68 5 (±5%) X X X 24-Pin DIP, JlP Comp, RD/WR, 
SIN 48dB 24-Pin SOIC 4-CH Mux 

Ml2264C 8 ±1 250kHz, 5V SINE, .68 5 (±5%) X X X 24-Pin DIP, JlP Comp, RDIWR, 
SIN 48dB 24-Pin SOIC 4-CH Mux 

M12271B* 10 ±1/2 150kHz, 5V SINE, 1.5 5 (±5%) X X X 20-Pin DIP, JlP Comp, 
SIN 60dB 20-Pin SOIC RD/WR 

Ml2271C' 10 ±1 150kHz, 5V SINE, 1.5 5 (±5%) X X X 20-Pin DIP, JlP Comp, 
SIN 60dB 20-Pin SOIC RD/WR 

Ml2280B 8 ±1/2 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP Serial 110, 
SIN 47dB Single CH 

Ml2280C 8 ±1 51kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP Serial 11O, 
SIN 47dB Single CH 

Ml2281B 8 ±1/2 51kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP Serial 110, 
SIN 47dB Single CH 

M12281C 8 ±1 51kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP Serial 110, 
SIN 47dB Single CH 

M12282B 8 ±1i2 47.5kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP Serial 110, 
SIN 47dB 2-CH 

Ml2282C 8 ±1 4Z5kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP Serial 110, 
SIN 47dB 2-CH 

• future Products 
Note 1. Temperature Range: 

C = O·C to +70·C, I • -40°C to +85·C, M = -55°C to +125°C 
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AI D Converters 

Non Convenion Power Temperature 
Part Resolution Linearity Dynamic Performance Time Supplies Range' 

Number (Bits) (Max LSB) Signal to Noise Ratio IJIs) (V) C I M Package Comments 

Ml2283B 8 ±1/2 36.5kHz, 5V SINE, 6.6 5 (±10%) X X X 14-Pin DIP Serial 110, 
SIN 47dB 4-CH 

Ml2283C 8 ±1 36.5kHz, SV SINE, 6.6 5 (±10%) X X X 14-Pin DIP Serial 110, 
SIN 47dB 4-CH 

Ml2284B 8 ±1/2 39kHz, SV SINE, 6.6 5 (±10%) X X X 14-Pin DIP Serial 110, 
SIN 47dB 4-CH 

Ml2284C 8 ±1 39kHz, 5V SI N E, 6.6 5 (±10%) X X X 14-Pin DIP Serial 110, 
SIN 47dB 4-CH 

Ml2288B 8 ±1/2 36.5kHz, SV SINE, 6.6 S (±10%) X X X 20-Pin DIP, Serial 110, 
SIN 47dB 20-Pin PCC 8-CH 

Ml2288C 8 ±1 36.5kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIP, Serial 110, 
SIN 47dB 20-Pin PCC 8-CH 

• Future Products 
Note 1. Temperature Range: 

C = O·C to +70·C, I = -40·C to +85·C, M = -5S·C to +125·C 

• 
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'Micro Linear D/A Converters 

Selection Guide 

Noo Settling Power Output Temperature 
Part Resolutioo Unearity TIme Supplies Reference Voltage Range 

Number (8il<l) (M~~ tSB) V-'S ~ax) (V) (V) 1\1\ c I M Pii:kas-e Coliiiuenls \., 
M12340B 8 H. 5 Single 5 or 12, 2.25 or 4.50 Rail-to-rall, X X X 18-pin DIP Flow through, 

(11-bits with dual ±5 bipolar, 18-pin SOIC or single 
gain ranging) unipolar buffered data 

Ml2340C 8 ±'h 5 Single 5 or 12, 2.25 or 4.50 Rail-to-rail, X X X 18-pin DIP Flow through, 
(ll-bits with dual ±5 bipolar, 18-pin SOIC or single 
gain ranging) unipolar buffered data 

Ml2341B 8 ±v. 5 Single 5 or 12, 2.25 or 4.50 Rail-to-rail, X X X 20-pin DIP Double or single 
(11-bits with dual ±5 bipolar, 20-pin PCC buffered data 

gain ranging) unipolar 

Ml2341C 8 ±'h 5 Single 5 or 12, 2.25 or 4.50 Rail-to-rail, X X X 20-pin DIP Double or single 
(11-bits with dual ±5 bipolar, 20-pin PCC buffered data 

gain ranging) unipolar 

Ml2350B 8 ±v. 5 Single 5 or 12, 2.50 or 5.00 Rail-to-rail, X X X 18-pin DIP Flow through, 
(ll-bits with dual ±5 bipolar, 18-pin SOIC or single 
gain ranging) unipolar buffered data 

Ml2350C 8 ±'h 5 Single 5 or 12, 2.50 or 5.00 Rail-to-rail, X X X 18-pin DIP Flow through, 
(11-bits with dual ±5 bipolar, 18-pin SOIC or single 
gain rangi ng) unipolar buffered data 

M12351B 8 H. 5 Single 5 or 12, 2.50 or 5.00 Rail-to-rail, X X X 20-pin DIP Double or single 
(11-bits with dual ±5 bipolar, 20-pin PCC buffered data 
gain ranging) unipolar 

M12351C 8 ±'h 5 Single 5 or 12, 2.50 or 5.00 Rail-to-rail, X X X 20-pin DIP Double or single 
(11-bits with dual ±5 bipolar, 20-pin PCC buffered data 
gain ranging) unipolar 

* Future Products 
Note 1. Temperature Range: 

C = O·C to +70·C, I = -40·C to +85·C, M = -55·C to +125·C 
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PRELIMINARY 

ML2200, ML2208 

12-Bit Plus Sign Data Acquisition Peripheral 

GENERAL DESCRIPTION 
The ML2200 and ML2208 Data Acquisition Peripherals (DAP) 
are monolithic CMOS data acquisition subsystems. These 
data acquisition peripherals feature an input multiplexer, a 
programmable gain instrumentation amplifier, a 2.SV 
bandgap reference, and a 12-bit plus sign AI D converter with 
built-in sample-and-hold. In addition to a general purpose 
8-bit microprocessor interface, the ML2200 and ML2208 
include a programmable processor, data buffering, a 16-bit 
timer, and limit alarms. 

The ML2200B and ML2208B self-calibrating algorithmic 
AID converters have a maximum non-linearity error 
over temperature of 0.Q18% of full-scale, while the 
ML2200C, ML2200D, ML2208C, and ML2208D have a 
maximum non-linearity error over temperature of 
0.024%. 

The ML2200 has a four channel differential input multiplexer 
and the ML2208 has an eight channel single ended input 
multiplexer. 

The digital interface, with software-alterable configurations, is 
designed to off-load the microprocessor. Control of the DAP 
is autonomously handled through the control sequencer 
which receives its instructions from the instruction RAM. 

M12208 BLOCK DIAGRAM 

AVcC 

? 
AGND 

? 

12-BIT PLUS SIGN A/ D 
WITH 

FEATURES 
• Resolution 
• Conversion time 

(including S/H acquisition) 
• Sample-and-hold acquisition 
• Non-linearity error 
• Low harmonic distortion 
• No missing codes 

12 bits + sign 

31.5/-1s max 
2.3/-1s max 

±3f4LSB and ±1 LSB max 
0.01% 

• Self-calibrating- maintains accuracy over time and 
temperature 

• Inputs withstand 17VI beyond supplies 
• Internal voltage reference 2.5V ±2% 
• Four differential or eight single-ended input channels 
• Data buffering (8 word data RAM) 
• Programmable limit alarm 
• 8-Bit microprocessor interface- interrupt, DMA, or 

polling 
• 16-Bit timer for programmable conversion rates 
• Standard hermetic 40-pin DIP 

VREF VTEMP 
OUT OUT Vss 

? 
00 

01 

D2 

03 

CHO 

CH1 

CH2 

CH3 

CH4 

CH5 

CH6 

CH7 

COM 

SAMPLE & HOLD FUNCTION 04 

05 

06 

07 

INT/INT 
SYNC OBR 

AO 

A1 

A2 

ALE 

6 b WR 

iffi 
DVcc DGND(2) RESET Cs 
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ML2200 BLOCK DIAGRAM 

+CHO 

-CHO 

+CHI 

-CHI 

+CH2 

-CH2 

+CH3 

-CH3 

SYNC 

b b 
OVCC OGNO (2) 

AVec AGNO 

? ? 

12~RIT PI tJIii SIGN A, 1[' 

WITH 
SAMPLE & HOLD FUNCTION 

BLOCK SCHEMATIC DIAGRAM 

VREFOUT .... -----r--:---, 
VTEMPOUT .... -----1. ___ -,---1 

ANALOG 
MUX 

AVC(-----~ 

AGND-----~ 

Vss -----1-____ .J 

VREF VTEMP 
OUT OUT VSS 

? 

1 b 
PON RESH 

05 

06 

07 

INT/INT 

ORR 

AO 

Al 

A2 
ALE 

Wi 
iID 
cs 

INTER· 
FACE 

DATA 

CONTROLS 
7 PLUS 

ADDRESS 
LINES 

INT 

OBR 

TCLOCK 

I taCK rr--- ii.i:5H 

~ _______ ~--------~---------~.~~NC 
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PIN DESCRIPTIONS 
PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION 

1 AGND Analog Ground. 28 DBR Data Buffer Ready output active 
2 VTEMP Voltage output proportional to the high indicates that a sequence of 

die temperature. operations has completed and 
3 VREF I nternal voltage reference output data is ready to transfer. DBR is not 

4-11 CH Analog Inputs. maskable. It <;:an be used to gener-
Ml2200- Positive or negative ate an interrupt in addition to the 
input of four differential inputs INT pin when the DBRIE bit in the 
Ml2208- Eight Single ended in- interrupt mask register has not 
puts referenced to common pin. been enabled. DBR is the DMA 
Digitally selected by control request pin when DMA mode is 
sequencer. enabled. DBR is not active unless 

12 NC Ml2200- No connection. in run mode and at least one se-
COM M l2208 - Negative com mon quence of operations has been 

input for the eight input channels. completed. DBR remains active in 
Tie to analog ground or (Vss +2.5) the halt mode if not acknowl-
to (AVcc-2.5V) edged; low during reset time and 

13 Vss Negative power supply; decouple power-down. 
toAGND. 29 DGND Digital Ground. 

14 PDN Power-Down Input. When 30 ClK Clock input. Drive with an external 1)1 PDN ~O, device in power-down clock or crystal reference to 
mode with register contents DGND. The crystal must be paral-
retained if AVcc >2.0V. lei resonant with minimum capaci-

15 NC No Connection. tive loading (i.e., No bypass caps 
16-19 D7, D6, D5, D4 Bidirectional data bits. should be used and leads should 
20 DGND Digital Ground. be kept short). 
21 DVcc Digital power supply. Tie to AVcc 31 RESET Active low hardware reset with 

from same power supply. internal pull up resistor of 200 K. 
22-25 D3, D2, D1, DO Bidirectional data bits. Tie to system reset Ii ne or to 

26 SYNC In the slave mode, SYNC is a grounded capacitor. The capacitor 
positive edge triggered input used size (usually >6IiF) is based on the 
to start a conversion. In master time the power supplies stabilize, 
mode, SYNC is an output and to the time reset voltage reaches 
indicates a conversion has 1.4V (>400ms). 
occurred. 32 TCLK External timer, TCLK is used as 

27 INT Interrupt output. A maskable inter- external clock input for the 16-bit 
rupt programmable to be active timer when the TCLK bit in the 
high or low or will default to active control register is set to one. 
high. INTwll1 not clear until ac- 33 ALE Address latch enable, active low 
knowledged in halt mode; not latches information on AO, A1, A2 
affected by the run or halt state. and CS. Tie to AVcc to disable use 
I NT ~ 0 d u ri ng reset and inactive when separate address and data 
during PDN' bus are used. 

34 A2 Address 2 
35 A1 Address 1 
36 AO Address 0 
37 CS Chip select, active low 
38 RD Read, active low enables Ml2200 

or Ml2208 to drive data bus. 
39 WR Write, active low allows writing 

into the registers. 
40 AVcc Positive analog Power supply. De-

coupletoAGND. Tie to DVcc 
from same power supply 

'Micro Linear 2-7 
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PIN CONNECTIONS 

ML2200 
4O-PIN DIP 

0 
40 ~ AVec 
39 WR 

38 iffi 

CHO+ Cs 

CHO- AO 

CH1+ Al 

CH1- A2 

CH2+ ALE 

CH2- TeLK 

CH3+ RESET 

CH3- CLK 

NC DGND 

Vss DOR 

PON INTIINT 

NC SYNC 

D7 DO 

D6 D1 

D5 D2 

D4 D3 

DGND DVcc 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltages (AVcc and DVcd ••.•...•.......••...• 6.0V 
Negative Supply Voltage (VSS) ...•.••.•...•......... -6.0V 
Voltage at Analog Inputs .......•..•.... Vss-7VtoAVcc +7V 
VoltageatVREF ..•.•....•.•........•. Vss -7VtoAVcc +7V 
Input Current per Digital Pin ..........•...•....... ±lOmA 
InputCurrentatAnaloglnputs .................... ±20mA 
Storage Temperature Range .........•.....• -65°Cto +150°C 
Package Dissipation@25°C ...•..••.•.•.•.•..•••..•.. 1W 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Ceramic) ••••••.....••... 300°C 

ML2208 
4O-PIN DIP 

AGND ~ 1 
0 

40 ~ AVec 
VTEMP 2 39 WR 

VREF 38 iffi 

CHO 4 Cs 

CHI AO 

CH2 6 Al 

CH3 A2 

CH4 ALE 

CH5 TeLK 

CH6 10 RESET 

CH7 11 CLK 

COM 12 DGND 

Vss 13 DOR 

PON 14 INT/INT 

NC 15 SYNC 

D7 16 DO 

D6 17 Dl 

D5 18 D2 

D4 19 D3 

DGND 20 DVcc 

TOP VIEW 

OPERATING CONDITIONS 
(Note 2) 

Temperature Range ...................••.. T MIN :5 T A :5 T MAX 

ML2200BCj, ML2200CC), ML2200DC] . . . . . . . . .. O°C to 70°C 
ML2208BC], ML2208CC), ML2208DC] . . . . . . . . .. O°C to 70°C 

Supply Voltage (AVcc and DVcd .......••• 4.5Voc to 6.0VDC 
Negative Supply Voltage (Vss) ........... -4.5Voc to -6.0Voc 

2-8 'Micro Linear 
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ELECTRICAL CHARACTERISTICS 
The following specifications apply for AVec = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
0\1, T A = T MIN to T MAX unless otherwise specified. Cl = 100pF for DO-D7, Cl = 50pF for INT, DBR, and SYNC. 

SYMBOL ~RAMETER CONDITIONS UNITS 

Converter Characteristics 

Linearity Error 
M12200BC], M12208BC] 4 fccLK = 0.1 ~ 7MHz ±3f.t LSB 
ML2200CC], ML2208CC] fccLK = 0.1 ~ 7MHz ±1 LSB 
M12200DC], M12208DC] fCCLK = 0.1 ~ 5MHz ±1 lSB 

Unadjusted Zero Error 
M12200BC], M12208BC] 4 ±¥, lSB 
ML2200CC], M12208CC] ±2 lSB 
Ml2200DC], ML2208DC] ±2 LSB 

Unadjusted Positive and Negative 5 ±4 lSB 
Full Scale Error 

Zero Error Temperature Coefficient 0.5 ppm/DC 

Gain Temperature Coefficient External Reference 3 ppm/DC 

Common-Mode Rejection 13 80 dB 

Analog Input Range 5 All Analog Inputs Vss-0.05 AVcc+O·05 V 

External Source Resistance 5 Channel = Analog Input 2 ill 
for Analog Inputs 5 Channel = Voltage Reference 0.5 ill 

Differential Analog Input Range 4 CHX referred to COM -VREF +VREF V 
for Ml2208 
CHX+ referred to CHX- for 
Ml2200 

Off Channel leakage Current 5,6 On Chan = 2.5\1, -100 nA 
Off Chan = -2.5V 
On Chan = -2.5V +100 
Off Chan = 2.5V 

On Channel leakage Current 5,6 On Chan = -2.5\1, -100 nA 
Off Chan = 2.5V 
On Chan = 2.5V +100 
Off Chan = -2.5V 

Gain Error Gain = 2, 4, or 8 0.03 % 

Voltage Reference and VTEMP Characteristics 

VREF Absolute Value 4 Referred to AGND 2.45 2.55 V 

VREF Output Pin 
Output Resistance 5 300 mO 
Minimum load Resistance 5 1 ill 
Maximum load Resistance 5 50 pF 
Temperature Coefficient 50 ppm/DC 
line Regulation 4.75 ~ AVcc ~ 5.25 1 mV 

-4.75 ;?: Vss ;?: -5.25 1 mV 
load Regulation 1pA - 2.5mA 1 mV 
Output Noise 100 iNRMS 

VTEMP Output Pin AVcc-1.5 V 
Absolute Value @ 25°C 
Volts per °C 5 mY/DC 

'Micro Linear 
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ELEcrRICAL CHARAcrERISTICS (Continued) 
The following specifications apply for AVec = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
Ov, T A = T MIN to T MAX unless otherwise specified. CL = 100pF for DO-D7, CL = 50pF for INT, DBR, and SYNC. 

SYMBOL m.RAMETER CONDITIONS UNITS 

DC Characteristics 

Power Supply Current 
Alco Analog AVcc 4 - - 30 50 mA 
Dlco Digital DVcc 12 RD = CS = VIH 10 p.A 
ISs, Vss 4 18 30 mA 

Icc Standby Current AVcc + DVcc 4,9 PDN pin = GND 10 1000 p.A 
Iss Standby Current 10 1000 p.A 

VCCPD Minimum AVcc and DVcc for 
power·down data retention PDN pin = GND 2 V 

Vss = -5.25 to GND 

Power Supply Rejection 7 
AVcclDVcc DC 80 dB 

DC to 25kHz, 200mVp_p 50 dB 
Vss DC 80 dB 

DC to 25kHz, 200mVp_p 50 dB 

Vil Input low Voltage (except ClK, tClK) 4 0.8 V 

Vill Input Low Voltage (CLK, tClK) 4 0.8 V 

VIH Input High Voltage (except CLK, !elK) 4 2.0 V 

VIHl Input High Voltage (CLK, tClK) 4 3.5 V 

VOL Output Low Voltage 4 IOL = 2.0mA 0.45 V 

VOH Output High Voltage 5 IOH = -1mA 4.0 V 

Il Input Leakage Current (except CLK 4 GND < VIN < Vcc ±10 p.A 
and RESET) 

III Input Leakage Curent (CLK) 4 GND < VIN < Vcc ±200 p.A 

ILO Output Leakage Curent (DO-D7) 4 RD = CS = VIH ±10 p.A 

IRST RESET Pin Source Current 4 RESET = OV 15 50 100 p.A 

CI Input Capacitance (All Digital Inputs) 10 pF 

Co Output Capacitance (All Outputs and 20 pF 
DO-D7) 

AC Electrical Characteristics (Note 8) 

tc Conversion Time 4,9 CLK Mode = 0 fClK = 7.0MHz 31.5 p.s 

fClK = 5.0MHz 44.0 p.s 

Sample and Hold Acquisition 4,9 ClK Mode = 0 fClK = 7.0MHz 2.3 p.s 

fClK = 5.0MHz 3.2 p.s 

SNR Signal-to-Noise Ratio V = 10kHz, 2.5V Sine. 73 dB 
fClK = 7MHz 
(fSAMPLING = 31.8kHz). Noise is 
sum of all nonfundamental 
components up to '12 of 
fSAMPLING' 

THD Total Harmonic Distortion V = 10kHz, 2.5V Sine. -75 dB 
fClK = 7MHz 
(fSAMPLING = 31.8kHz). THD is 
sum of 2, 3, 4, 5 harmonics 
relative to fundamental. 

2-10 'Micro Line~r 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply for AVec = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
0\1, TA = TMIN to TMAX unless otherwise specified. Cl = 100pF for DO-D7, Cl = 50pF for INT, DBR, and SYNC. 

SYMBOL PARAMETER CONDITIONS UNITS 

N:. Electrical Characteristics (Note 8) (Continued) 

IMD Intermodulation Distortion V'N = fA + fB. fA = 9kHz, 1.25V -75 dB 
sine. fB = 10kHz, 1.25V sine. 
fClK = 7MHz 
(fSAMPLING = 31.8kHz). 
IMD is (fA + fB), 
(fA - fB), (2fA - fB), (2fA - fB), 
(fA + 2fB), (fA - 2fB) relative 
to fundamental. 

FR Frequency Response V'N = 0 to 10kHz, 2.5V sine 0.01 dB 
relative to 1 kHz 

fClK ClK Frequency 4 (no crystal) 0.1 7 MHz 

fClKX ClK Frequency 4 (crystal) 3 7 MHz 

fClK' 
Internal ClK Frequency 1/2 fClK or 

fClKX 

fcLla ClK Frequency (tClK only) 4 fClK' MHz 

!elKW Minimum Clock High/low Width 5 50 ns 
(ClK) 

tClKwr Minimum Clock High/low Width 5 75 ns 
(!elK) 

tRF Maximum Rise/Fail Times, All Inputs 5 25 ns 

tRESET Minimum Reset Active Time 4,10 10 
fClK' Periods 

tpON Power-Up Time Time After PON = V'H 1 ms 

Multiplexed Data Bus Timing 

tAL Address to ALE Setup Time 4 20 ns 

tLA Address Hold Time After ALE 4 20 ns 

tlC latch to RD or WR Control 4 20 ns 

tRO Valid Data Delay from Read 4 150 ns 

tAO Address Stable to Valid Data 5 150 ns 

tll ALE Width 4 80 ns 

tOF Data Bus Float After Read 4 10 50 ns 

tCl Read or Write Control to ALE 4 20 ns 

tcc Read or Write Control Width 4 150 ns 

tow Data Setup Time for Write 4 100 ns 

two Data Hold Time for Write 4 0 ns 

tRV Recovery Time Between Two Reads 4 250 ns 
or Writes 

Non-Multiplexed Data Bus Timing 

tAO Address Stable to Valid Data 5 150 ns 

tAR Address Stable Before Read 4 0 ns 

tRA Address Hold Time for Read 4 0 ns 

tRR Read Pulse Width 4 150 ns 

tRO Data Delay from Read 4 150 ns 

tOF Read to Data Float 4 10 50 ns 

'-Micro Linear 2-11 
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ELECfRICAL CHARACfERISTICS (Continued) 
The following specifications apply for AVcc = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
Ov, T A = T MIN to T MAX unless otherwise specified. Cl = 100pF for DO-D7, Cl = 50pF for INT, DBR, and SYNC. 

SYMBOL MRAMETER CONDITIONS UNITS 

Non-Multiplexed Data Bus TIming 

tRV Recovery Time Between Two Reads 4 250 ns 
or Writes 

tAW Address Stable Before Write 4 0 ns 

tWA Address Hold Time for Write 4 0 ns 

tww Write Pulse Width 4 150 ns 

tDw Data Setup Time for Write 4 100 ns 

tWD Data Hold Time for Write 4 0 ns 

DMA Interrupt and SYNC TImings 

tcKDBR 

tRDD 

tcKDBR 

tWRDBR 

tCKSYNC 

tsvNCN 

tSVNCCK 

tSVNCO 

Note 1: 

Note 2: 

Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 

Note 10: 
Note 11: 

Note 12: 
Note 13: 

2-12 

Clock to DBR Assert 11,4 DMA 120 180 ns 

Read to DBR Negation on last Byte 4 110 160 ns 

Clock to DBR or tcKINT, INT Assert 11,4 Non-DMA 100 180 ns 

Write to DBR or tWRINT INT Negation 11,4 70 120 ns 

Clock to SYNC Delay 11,4 Master Mode 150 200 ns 

SYNC Input Width 5 3 fClKI 

SYNC to Clock Setup 4 Slave: Mode 4 Only 50 ns 

Minimum SYNC Output Width 4 4 4 fClKI 

Absolute maximum ratings are limIts beyond which the life of the mtegrated CIrCUIt may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
O°C to +70°C operating temperature range deVIces are 100% tested WIth temperature limits guaranteed by 100% testing, sampling. or 
by correlation WIth worst-case test condItions. 
Typicals are parametric norm at 25°C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgomg quality level calculatIon. 
Leakage current IS measured with the clock not sWltchmg. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from 0.8V to 2.01f. 
Power·down current is with power-down pm at GND potential only. Any other level will dIssipate more power. Other digItal input 
pms may float but cannot be above VDD or below GND. 
RESET should be held actIve for at least 10 internal clocks after power supplies have stabilized to WIthin 5% of 51f. 
Since the Internal master clock is the input clock diVIded by 2, thIS number can be either the maximum listed or the maximum listed 
plus Yz the input clock period. 
When RD - CS = Vu, the current into the DV cc pin depends on the load on the data bus pins DO-D7. 
Common-Mode rejection IS the ratIo of the change in zero error to the change in common-mode Input voltage. 

'-Micro Linear 
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TIMING DIAGRAMS 

READ CYCLE WRITE CYCLE 

• Figure 2. Multiplexed Bus 

READ CYCLE WRITE CYCLE 

AO-A2,CS 

DATA BUS 

WR 

Figure 3. Non-Multiplexed Bus 
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TIMING DIAGRAMS (Continued) 

eLK if\._-F'L­
".~r~'~ 
DORWR~~ 

FIRST BYTE lAST BYTE 

THERE ARE 2'n READ OPERATIONS WHERE n IS THE NUMBER 
OF WORDS TO BE TRANSFERRED. DBR IS SET AND ClEARED BY 
INTERNAL CIRCUITRY. 

NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR 
THIS OPERATION. 

Figure 4. DMA Mode 

MASTER MODE 

ClK , X\ 
~ lr------f~tckSYNC 

SYNC OUT -------.-

tckSYNC tSYNCO 

eLK ;f\_~ 
~ ~8~R_O_R_tc_KI_NT ______________ _ 

DRR OR INT ---.if -

Figure 5. DBR and INT (Non-DMA Mode) 

SlAVE MODE 

CLK~~ 

~"" 1~' ~ ___ _ 
-i----tSYNCN----.J'.t 

Figure 6. SYNC 

1.0 FUNCTIONAL DESCRIPTION 
1.1 Algorithmic AID Converter 
Micro Linear's algorithmic converter uses a successive ap­
proximation technique. Most of today's successive approxi­
mation converters use a DAC to feed back the approximated 
signal, however this technique requires more circuitry than 
algorithmic converters. In addition the values of all of the 
resistors or capacitors in the DAC must be matched to within 
the accuracy of the converter. This is difficult to do in silicon 
beyond 10 bits unless trimming is used. An algorithmic con­
verter uses less circuitry and is more easily trimmed. Micro 
Linear's algorithmic converter is implemented using a 2 x 
amplifier, a sample/hold amp, and a comparator as shown 
in Figure 7. 

Figure 7. Self Calibrating A/D Converter 

The input sample is first multiplied by two then compared to 
the reference voltage. If the 2 x input voltage is greater than 
the reference, the MSB is a 1 and the reference voltage is 
subtracted from the 2 x input voltage. The remainder is 
stored in the sample-and-hold. If the 2 x input voltage is less 
than the reference, the MSB is a 0 and the 2 x input voltage is 
stored in the sample-and-hold. This process repeats again, 
however now the sample-and-hold voltage is multiplied by 2. 

SeIf-Calibration 
In order to maintain integral and differential linearity to the 
112 LSB level in an algorithmic converter, two critical parame­
ters need to be controlled, loop offsets and the gain of the 
loop. Loop offsets are automatically nulled before each con­
vet;Sion using auto-zeroing circuitry on both the sampling 
amp and the 2 x amp. The gain of the loop is adjusted using 
self-calibration. 

Self-calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2 x gain of 
the loop and adjusting it. The gain can be measured by con­
verting the reference voltage as the input as well as the refer­
ence (VREFIVREF), and examining the output code. 
Converting VREF should yield plus full-scale, since VREFIVREF 
should equal 1. If the gain ofthe loop is slightly less than 2, 
the resulting LSB of the conversion will be "0". If the magni­
tude bits of the resulting conversion are all "ls", the gain may 
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be too great, therefore the gain is reduced to the point where 
the threshold ofthe LSB is reached. 

Adjustment of the 2 x gain is done with the binary weighted 
trim capacitor arrays connected to each of the 2C input ca­
pacitors. A small value of capacitance is either added to or 
subtracted from the 2C input caps until the gain of the loop is 
within 13-bit accuracy of 2. 

1.2 Multiplexer Input 
The input voltage is ± 2.SV relative to COM of the ML2208 
or a CH - of the ML2200. The input voltages under normal 
operation must not exceed supply voltages by 0.05 V. Each 
channel is selected by the programmable sequencer. 

1.3 Internal Voltage Reference and VTEMP 
The internal bandgap voltage reference with a temperature 
coefficient of SOppm 1°C has an external use current of 
2.SmA. 

The voltage reference VTEMP output is directly proportional to 
the chip temperature. 

1.4 Conversion Times 
The follOWing table lists the conversion times which include 
the sample-and-hold acquisition time. For a CALRD and 
CALWR no AI D conversion actually takes place. 

Operation 
Number of 

Internal Clocks* 

8-bitAID 

13-bitAID 

CALWR 

CALRD 

'Internal clock IS the external clock divided by two. 

1.5 Sample-and-Hold Timing 

80 

110 

52 

80 

Figure 8 shows the internal timing for the sample-and-hold 
circuitry. The relationship between the "Start of Conversion" 
and the input channel going into sample mode is fixed at 6 

EXTERNAL 
CLOCK 

1 

ML2200, ML2208 

internal clocks, regardless of the Start Mode. Six internal 
clocks after the Start of Conversion, the Sample-and-Hold is 
switched into the sample mode, placing two 9 pF capacitors 
in parallel with the input pins; one on CH + and one on CH­
for the ML2200, and CH and COM for the ML2208. The 
sample switch is kept in the sample mode for 8 internal 
clocks (2.3/As at a 7MHz external clock), then placed in the 
hold mode. During the next 2 internal clocks the charge on 
the sample-and-hold is transferred into the AI D, after which 
the VREF pin is sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Master 
Mode during a conversion. SYNC is activated one internal 
clock cycle before the Start of Conversion and lasts for four 
internal clocks. 

1.6 Analog Inputs 
Differential Inputs and Common-Mode Rejection 
The differential inputs of the ML2200 eliminate the effects of 
common-mode input noise (60 Hz, for example), as CH + 
and CH - are sampled at the same time. 

Noise 
The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 
low inductance tantalum capacitors of 1 /AF or greater and 
0.01 /AF disc ceramic capacitors are recommended for bypass­
ing AVec as well as Vss to AGND. These capacitors should be 
placed close to the AVec and Vss pins. 

2.0 ",p HARDWARE INTERFACE 
The microprocessor interface is a byte-oriented structure 
which occupies eight memory or 1/0 locations in the 
microprocessor's address space. Each register is readable and 
writable via the chip select, read and write pins, three ad­
dress lines, and 8-bit data bus. 

1 1 1 
INTERNAL 

CLOCK 
NOTE 1 

1 
11 6 1 7 10 11 12 13 14 1 15 16 1 17 18 19 20 21 22 23 24 1 25 26 

1 
1 1 

SYNC PIN ;.-1 ---ill---......, 
(MASTER MODE) I I 

NOTE 2 ---l T 

START OF CONVERSION 

1 1 
1 1 
1 1 

I 
1 
1 

I I I I 
... I.f----SAMPLING INPUT--.! I---SAMPLING REFERENCE----i 

NOTE: 
1. EXTERNAL ClOCK IN PHASE WITH INTERNAL ClOCK USING RESET. 
2. IMMEDIATE EXECUTE MODE WHERE START OF CONVERSION AND 

START OF OPERATION OCCUR AT THE SAME TIME. 

Figure 8. Sample-and-Hold Timing 
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Interfaces are shown for multiplexed address data bus in 
Figure 9 and Figure 10. When non-multiplexed interfaces are 

A15 ~)f ADDRESS 
DECODE CS 

r · · A2 

· A1 

AO 
AS 

All7 D7 
~p · . ML2200 

A02 02 
ML2208 

ADl Dl 

ADO DO 

ALE ALE 

iID iID 
WR WR 

Figure 9. 8-Bit Multiplexed Bus Interface 

2.1 Interrupts 
The ML2200 and ML2208 provide two interrupt pins, one for 
control/status interrupts (INn, and one for data interrupts 
(OBR). The standard INT pin is maskable via an interrupt 
mask register while the OBR pin is always enabled to signify 
that data is available. OBR can be mapped into the INT pin if 
only one interrupt pin is desired. . . 

The interrupt pin (INn can be programmed, via the Interrupt 
Bit Mask register, to be active high, or active low. When pro­
grammed for active high, it is driven in both directions. When 
INT is programmed for active low, it is an open drain output, 
therefore an external pull-up resistor of 2.5 kQ or more 
should be used. The OAP's Status register can be read to 
determine whether its interrupt is active or not. 

8237 HLDA 
DMACONTROLLER HOLD 

. lOW DREQ 
Ao-A7 iOii DACK 

DATA 

used, ALE can be tied high. All internal address and chip 
select latches are transparent. 

A15 ~)f ADDRESS L 
DECODE cs 

r · · A2 · A1 

~8 AO 

AD7 ~7 ~p ML2200 
ML2208 

AD3 D3 

AD2 D2 

ADl D1 

ADO DO 
ALE ALE 
iID iID 
WR WR 

Figure 10. 16-Bit Multiplexed Bus Interface 

2.2 DMA 
The separate DBR pin can also serve as a OMA request signal 
when DMA operation is enabled in the Control register. DBR 
goes active high when the data buffer is full and ready to be 
read. OBR remains high until the last byte in the data buffer 
has been read. This allows back-to-back DMA cycles or sin­
gle cycle transfers depending on how the DMA controller is 
programmed. The data for the DMA cycle is transferred over 
the 8-bit data bus at address 0 (AO-A2 = 0). The ML2200 or 
ML2208 automatically places both high and low bytes of the 
16-bit wide data buffer at address 0 or 1 for the DMA control­
ler to read. The LOBYT bit in the Control register specifies 
whether the high or low byte is placed on the bus first. Figure 
11 shows a block diagram interfacing to the 8237 DMA 
controller. 

HOLD 

+-~~L.r---J A2 

t-"':"::"'-Lj--~ Ao 

ML2200 
ML2208 

cs 

~ ______ ~~ _____ -u'I~D7 

Figure 11. DMA Interface 
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3.0 REGISTER DEFINITIONS 
These data acquisition peripherals contain six directly ad­
dressable 8-bit registers, and twenty indirectly addressable 16-
bit registers. Figure 12 illustrates the register architecture while 
Figures 13, 14 & 15 illustrate the bit maps and addresses. The 

PRIMARY 

first three primary registers (Window Low, Window High, and 
Index) are used to access the 20 secondary registers. Window 
Low and Window High provide read/write access to the low 
and high bytes of the secondary register pointed to by Index. 

INDEX 
REGISTER 

VALUE 

SECONDARY 

(RS4-RSO) UPPER BYTE LOWER BYTE 

'-'=--'---"'--'-'::":"---'--='-'---'-:"'="=':-:cc",:-:-:-:,::==,-'-...:BDc.;I~_I--,-:_B D_ITO,-O--,I J 00000 ~D~15~==~D~8~D7~==~DO~ } ~~~~~ATA (READ) 

16-BIT CAL (WRITE) 

D9 08 

ADDRESS BIT7 BIT 6 BIT 5 BIT4 BITJ BIT2 

READ/WRITE 1 000 07 06 05 04 D3 1 D2 

WINDOW LOW REGISTER 

READ/WRITE 1 001 015 014 013 1 012 1 011 1 010 1 
WINDOW HIGH REGISTER 

READ/WRITE 1 010 1 AUTOII .S4 1 RS3 1 RS2 1 RSl RSO 

INDEX REGISTER 

READ /WRITE 1..1 _0:..:1,;",1 --,-_C:;,A",L--,--,R:::ES:.:E,;"T ..J.1.:;.S;::.LF-,-TSc.;T..JI-'..TC:,:L:,:K:-:':c1 ,.::D:-:M:,:A7:'-:1 ,::LO",B,:,Y..;,T..J.I...:M...:Sc.;T",R--,-:...:R,;"U",N--, 
CONTROL REGISTER 

READ ONLY I..I_l_00_L-I_N_T--,-_C_L_CP--LI_R_N_E_R..JI_I_SQ;,..,~1 "O-;;VR""N~I ",A.LR_M---,I_o_V_R_G..JI_D_B_R--, 
STATUS REGISTER 

WRITE ON LY 1'---'1:::00:.....J~_--L.:1 C:.:LC=Pc;"-::.:K.l:IR.::.N:.:;E::;RA:;K,!;1 :;:1::;SQ:::A":K,:,I::coV:-:.R:,::N7:A::;K,,,IA:::lR~M:::,A;:;K",lo::V::,:R;::G:..:AK:J.I.=D.=B:.:.RA::.:K:.JI 
INTERRUPT ACKNOWLEDGE REGISTER 

READON~I,--I:.:.01.::...J_'...:I_L-...::.c--,-_,-,-'--=~~~~1 ~S=R=2--,-~SR::.:1---,--=S:.:~.::...J 
A2, AI, AO SEQUENCE REGISTER 

15 

.t;). *Writing this bit has no effect 0-
U .. "Write a zero to these bits '\l 

ADDRESS read back ones DATA 

Figure 12. Register Architecture 

14 13 12 11 10 

--...... v.---..... "----'V.-----" 
MODE SELECT 
000 = IMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100= EXTERNAL SYNC/TIMER 

PRESET /TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 

INPUT CHANNEL SELECT 
000 = CHANNEL 0 
001 = CHANNEL 1 
010 = CHANNEL 2 
011= CHANNEL 3 
100 = ILLEGAL 
101 = ILLEGAL 
110 = ILLEGAL 
111 = ILLEGAL 

CYCLE SELECT 
000=16 BITS 
001=13 BITS 
010 =8 BITS 
011 = READ CAL CODE 
111 = WRITE CAL CODE 

GAIN SELECT 
00=1 
01=2 
10=4 
11=8 

Figure 13. Ml2200 Bit Map of Instruction RAM 

15 14 13 12 11 10 

--...... 'V.--- '-----..v.-----" 
MODE SELECT 
000 = IMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100= EXTERNAL SYNC/TIMER 

PRESET /TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 

INPUT CHANNEL SELECT 
000 = CHANNEL 0 
001 = CHANNEL 1 
010 = CHANNEL 2 
011 = CHANNEL 3 
100=CHANNEL4 
101 = CHANNEL 5 
110 = CHANNEL 6 
111 = CHANNEL 7 

CYCLE SELECT 
000=16 BITS 
001 = 13 BITS 
010=8 BITS 
011 = READ CAL CODE 
111= WRITE CAL CODE 

GAIN SELECT 
00=1 
01=2 
10=4 
11=8 

Figure 14. Ml2208 Bit Map of Instruction RAM 

"Micro Linear 

16-BIT TIMER VALUE 

16-BIT ALARM A VALUE 
16-BIT ALARM B VALUE 
UPPER BYTE 
B-BIT INTERRUPT ENABLE 

lOWER BYTE 
8-81T ALARM CRITERIA 

o 

REFERENCE SELECT 
000 = CHANNEL 0 
001 = CHANNEL 1 
010 = CHANNEL 2 
011= CHANNEL 3 
100 = ILLEGAL 
101= ILLEGAL 
110 = INTERNAL VREF 
111= ILLEGAL 

o 

'----.... 'V""----' 
REFERENCE SELECT 
OOO=CHANNELO 
001 = CHANNEL 1 
010=CHANNEL2 
011 = CHANNEL 3 
100 = CHANNEL 4 
101 = CHANNEL 5 
110 = INTERNAL VREF 
111 = ILLEGAL 
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SECONDARY REGISTER 19 RS4-RSO= 10011 

~----------------~v ~-----------------~~------------------' 
INTERRUPT ENABLE REGISTER ALARM CRITERIA REGISTER 

Figure 15. Interrupt Enable and Alarm Criteria Registers 

3.1 Primary Registers 
READ! 
WRITE 

07 D6 05 I 04 03 02 01 I DO I 
Window Low Register 

READ! 
WRITE 

015 014 013 I 012 I 011 I 010 D9 08 

Window High Register 

Window Registers- Registers 0 and 1 
These registers form a two-byte window into the secondary 
registers. Window Low is the low byte of the secondary 16-
bit word, and Window High is the high byte. Anyone of the 
20 words in the secondary register set can be accessed by first 
setting a 5-bit address in the Index register, then reading from 
or writing to the Window registers. Sequential access of the 
secondary registers is also available without writing to the 
Index register via the AUTOI bit in the Index register. 

Index Register - Register 2 ~:g~ 

I~I I~I~I~I~I~I 
I ndex Register 

RSX = Secondary Register Address (Bits 0 to 4): The lower five 
bits of this register (RSO-RS4) define the location within the 
secondary register set that the window registers are posi­
tioned at. 

Bits 5 and 6: Undefined. Writing to these bits have no effect, 
however a zero should be written; always read as ones. 

AllTOI = autoincrement (Bit 7): Setting AUTOI signifies that 
the lower five addressing bits in the Index register are auto­
matically incremented after either the Window Low or Win­
dow High register is accessed. Whether the auto-increment 
occurs when accessing Window Low or Window High regis­
ter, is based on the LOBYT bit in the Control register. 

Interrupt Operation Caution!!! - Using the auto-increment 
feature with interrupt driven software deserves special atten­
tion. A problem can arise when an interrupt service routine 
accessing the secondary registers, interrupts another routine 
accessing secondary registers. This problem can be avoided 
one of two ways: disable the interrupt in the main routine 
while accessing secondary registers, or reload the index regis­
ter to its entry value when exiting the interrupt routine. 

Note: The Index register is automatically cleared only under 
two coriditions, one is a RESET, the other is when DMA mode 
is used. This register is reset to 0 in DMA mode just prior to 
the DMA request (DBR going active). DMA mode uses the 
index register for operation, so the index register should 
never be written to when RUN and DMA are set. 

Control Register- Register 3 

I CAL I RESET I SLfTSl I inK I OMA I LOBYl I MSTR 

Control Register 

READ! 
WRITE 

RUN 

RUN (Bit 0): Setting this bit to a one will cause the chip to 
start executing the operations defined in the Instruction 
RAM, beginning with location O. This is referr~d to as the Run 
mode. Clearing this bit will place the ML2200 In the Halt 
mode. The run bit is initially cleared on power up or after a 
hardware or software reset. In order to properly start the chip 
operation, the RUN bit should be set after setting all other 
applicable bits in the control register. The act of halting the 
chip will always reset the sequence pointer to operation O. 
Thus, the next time RUN is asserted, the chip starts from 
operation 0 again. Placing the chip in the Run or Halt mode 
has no effect on the Interrupt pins (lNT and DBR), nor the 
status bits in the status register. It is recommended that sec­
ondary registers only be written to in the Halt mode. Writing 
to secondary registers in the Run mode will cause the RNER 
status bitto be set, indicating a run error. All of the status bits 
in the Status register should be acknowledged (cleared) be­
fore entering the Run mode. 

MSTR = master (Bit 1): I ndicates whether the SYNC pin will 
be an input or an output. If set the chip will enter the master 
mode of operation and the SYNC pin will become an output 
pin which puts out a sync pulse at the beginning of each 
operation. This serves as a signal for other slave chips that are 
used in a synchronous operating method. While in master 
mode, any operation requiring a sync input will n~t proceed, 
and the chip will "hang", waiting for a sync that will never 
come. The chip default is slave mode with the SYNC pin as 
an input. 

LOBYT = low byte first (Bit 2): This bit is used to indicate 
which byte is accessed first in AUTOI or DMA operation. 
When this bit is set, the index register is incremented on the 
read or write ofthe Window High register. When this bit is 
clear, the index register is incremented on the read or write of 
the Window Low register. If DMA operation is specified, then 
setting this bit will make the low byte be output first, then the 
high byte, after which the index register is incremented. Con­
versely, clearing this bit will outputthe high byte first, then . 
the low byte, then increment the index register. The default IS 

low. 

DMA = DMA Mode (Bit 3): When set enables DMA opera­
tion. DMA operation proceeds as follows: 

1) The DMA bit must be set after defining all other registers 
(Instruction RAM, Alarm etc.) but priorto setting the RUN 
bit. The RUN bit is then set. 
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2) The sequence of operations in the Instruction RAM is 
executed. 

3) At the end of the sequence, the DBR pin goes true, re­
questing DMA service, and the Index register is automati­
cally cleared, pointing to the first location of the data 
buffer. 

4) Each read of either Window low or Window High register 
outputs a byte from the data registers. The DMA controller 
can read Window low register, or Window High register, 
or alternate between Window Low and Window High. 
The same data is placed in both Window low and Win­
dow High registers, and updated in both of them when 
either one is read. The data is placed in the Window regis­
ters beginning with data word 0 and incrementing on up. 
The placement of the low byte/high byte order is based on 
the lOBYT bit in the Control register. The number of bytes 
transmitted equals twice the number of operations de­
fined, since the words are 16 bits going over an 8-bit bus. 
DBR remains asserted until all of the bytes have been 
transmitted. It is negated on the leading edge of the last 
byte read pulse. DBR acknowledge (setting the DBRAK bit 
in the Status register) is not required when transferring 
bytes via DMA. 

The AUTOI bit does not have to be set when in the DMA 
mode. Setting the DMA bit forces the Index register to be 
auto-incremented in the Run mode. However if AUTOI is not 
set, then when in Halt mode auto-increment will not be 
enabled. If the AUTO I bit and DMA bit are both set, the auto­
increment will occur in both the Run mode and the Halt 
mode. 

!eLK = enable external timer clock (Bit 4): When set, will 
divert the clock input for the internal sixteen bit timer to the 
!eLK pin. When reset to 0, the timer runs at the internal chip 
clock frequency, which is 1/2 of that generated at the ClK 
pin. 

SlFTST = self test (Bit 5): When set, the function of the input 
multiplexer is modified to enable self test operations. This bit 

14 

v,..-----' 
MODE SELECT INPUT CHANNEL SELECT 
000 = IMMEDIATE EXECUTE 000 = SYSTEM OFFSET 
001 = INTRA SEQUENCE PAUSE 001 = INTERNAL REF 
010= START ON NEXT TIMEOUT 010 = INVERT INTRN REF 
011 = PRESET TIMER/START 011 = COMMON MODE 

ON TIMEOUT 100 = ILLEGAL 
100= EXTERNAL SYNC START 101 = ILLEGAL 
101= EXTERNAL SYNC!TIMER 110= ILLEGAL 

PRESET !TIMEOUT 111 = ILLEGAL 
110= ILLEGAL 
111 = ILLEGAL 

Ml2200, Ml2208 

also redefines the Instruction Word, specifically the CHAN 
field of the instruction word (See Figure 16 for the redefinition 
of the Instruction Word when SlFTST ~ 1). With SlFTST set 
the CHAN bits now specify which of four self tests is to be 
performed as shown below. 

Instruction 
Word 

CHAN Field Function Description 

000 System Offset Inputs shorted together 
and shorted to ground 

001 Internal Convert internal VREf; 
Reference pi us side tied to V REf; 

minus side tied to 
AGND 

010 Minus Internal Convert internal VREf; 
Reference minus side tied to VREf; 

plus side tied to AGND 

011 Common Mode Both inputs of the 
converter are tied to 
VREF 

100-111 Illegal 

These self-test results are useful for user confidence at power­
on. The default on reset is 0, normal mode of operation. 

RESET = soft reset (Bit 6): Is a software reset of the chip. This 
bit does not have to be cleared once set. The microprocessor 
should read this bit back to determine if the reset operation 
has completed, especially if a slow clock rate is being used. It 
takes at least 4 internal clocks for the reset bit to clear. 
Microprocessor communication with the chip should be held 
off until this bit is read back as cleared. When issuing a hard­
ware reset, communication with the chip should be held off 
until the RESET pin goes inactive. The chip will be in the Halt 
mode (RUN bit cleared) after a reset. See RESET/Power-On 
Conditions (Section 4.2) for chip register conditions after a 
reset. 

CYCLE SELECT 
000 = 16 BITS 
001=13 BITS 
010 = 8 BITS 
011 = ILLEGAL 
111= ILLEGAL 

GAIN SELECT 
00=1 
01= 2 
10=4 
11=8 

REFERENCE SELECT 
000-110 
INTERNAL REFERENCE 
ONLY 

Figure 16. Bit Map of Instruction Word When SlFTST = 1 
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CAL = calibration start (Bit 7): When set, a self-calibration of 
the AID converter will begi n. Read i ng the CAL bit indicates 
whether the chip has been calibrated since the last reset or 
power-on condition. If CAL is a 1, then a calibration of the 
A/ D converter has been performed since the last reset or 
power-up. When setting CAL, the user should not write a 0 
back to clear it. Writing a 0 to the CAL bit has no effect; this 
will not clear it if it was previously set. Attempting to set the 
RUN bit without this bit being set will result in a run error 
condition, in which the RNER status bit will be set, and an 
interrupt being generated if it was enabled in the mask regis­
ter. The amount oftime required for calibration is 8,260 inter­
nal clocks, or 16,520 external clocks. To determine when a 
calibration is complete, the microprocessor should enable 
the calibration complete interrupt (CLCPIE) in the interrupt 
mask register, and wait for the interrupt to occur. Interrupt 
servicing of the calibration complete interrupt is done in a 
normal manner, in which the interrupt is acknowledged by 
setting the CLCPAK bit in the interrupt acknowledge register. 
All I/O to the ML2200 should be avoided during calibration 
(i.e., 16,520 external clocks after the CAL bit is set), because 
accessing the chip during calibration could adversely affect 
the calibration. If an interrupt is not desired, the 
microprocessor can read the Status register to verify 
completion 16,520 external clocks after the CAL bit is set. 
When the CAL bit is set, all other bits in the Control register 
should be cleared. DO NOT set the CAL and RUN bits simul­
taneously. 

Status Register - Register 4 

lINT 1 CLCP .1 RNER 1 ISQ 1 OVRN I ALRM 1 OVRG 

Status Register 

READ 
ONLY 

DRR 

Register 4 serves as the status register of the various condi­
tions that can occur. The bits in the Status register will be 
updated regardless of the Mask register. The status bits are 
updated any time within or at the end of a sequence of oper­
ations. The bits in the Status register are cleared by setting the 
corresponding bits in the Interrupt Acknowledge register. The 
status register can be polled at any time without fear of clear­
ing the status bits. This register is not cleared at HALT time. 
When entering the Run mode, all of the old status bits should 
be cleared (acknowledged). 

DBR = Data Buffer Ready (Bit 0): Is set when the chip has 
gone through one complete sequence of operations and has 
filled the data registers with the converted results. This bit 
signifies that the microprocessor should read all locations in 
the data registers that have relevant data. Reading all loaded 
data locations will clear DBR. If all loaded data locations are 
not read, DBRAK in the Interrupt Acknowledge register 
should be set to clear DBR, else OVRN will be set. The DBR 
pin is logically the same as the DBR status bit. The DBR pin is 
ALWAYS enabled and cannot be masked out. The DBR status 
bit is the only condition that can cause the DBR pin to be 
asserted. The DBR status bit can be enabled to assert the INT 
pin through the Interrupt Mask register. 

OVRG = oVerrange interrupt (Bit1): Is set at the end of an 
operation when an underflow or overflow of the A/ D con­
verter has occurred (underflow and overflow are the most 
negative and most positive number, respectively, that is repre­
sentable in the chip according to the specified cycle length). 
The overflow and underflow conditions apply to ALL incom­
ingA/D converted data. 

AlRM = limit alarm (Bit 2): Is the limit alarm status bit. It is set 
whenever the alarm criteria specified in the alarm registers 
is satisfied by a conversion from an operation where the 
ALRMEN bit is enabled. The limit alarm test only applies to 
an operation in which the ALRMEN bit is set. 

Note that OVRG and ALRM can be enabled without ena­
bling the DBR interrupt so that the microprocessor can be left 
alone until an overflow/underflow or limit alarm occurs. This 
is done to search for a limit condition first without taking any 
data into the microprocessor. Doing this, however, will set 
the OVRN (overrun error) bit in the status register, indicating 
that the microprocessor has not read any data from previous 
sequences. 

OVRN = overrun error (Bit 3): The OVRN bit indicates that 
the microprocessor has missed from one byte to several 
blocks of data. Even if an overrun error occurs, the ML2200 
or ML2208 continues converting the inputs and updating the 
data registers with the new conversions. 

This bit may intentionally become set as a result of searching 
for the overflow / underflow or limit alarm criteria without 
reading the data. 

The setting of the OVRN bit also occurs in DMA mode if all 
data has not been read by the completion of the next se­
quence. (Note: DBRAK should not be set in DMA mode, 
since DBR is automatically cleared by the chip.) If OVRN 
occurs in DMA mode, DBR will not be reactivated once all of 
the data from the sequence which was overrun is read; 
OVRN automatically disables DBR re-activation. Acknowl­
edging OVRN (setting OVRNAK in the Interrupt Acknowl­
edge register) will re-enable the DBR pin, however the OVRN 
bit may immediately be set again before the DMA controller 
can read the entire buffer. Therefore, it is recommended that 
in DMA mode if OVRN gets set, put the ML2200 or ML2208 
in the Halt state, acknowledge the overrun and the DBR, 
then place the chip back in the Run mode. 

ISQ = intra-sequence pause (Bit 4): Indicates that the chip has 
halted operation within a sequence as a result of choosing 
the iSQ op code in the mode field of the Instruction word. 
Setting the ISQAK bit in the interrupt acknowledge register 
will then re-start the operation within the sequence. This lets 
the microprocessor achieve timing control of individual oper­
ations within a sequence. 
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RNER = run error (Bit 5): Indicates that an error occurred 
either entering or operating in the Run state. The following 
operational errors cause the RNER bit to get set 

1. Entering the Run state without having performed a self­
calibration after the most recent Reset or power-up. The 
status of whether a calibration was executed or not is indi­
cated by the CAL bit in the control register. If the CAL bit in 
the Control register is a one, the chip has already been 
calibrated. 

2. Writing to any secondary registers other than the data 
registers during Run mode. All secondary register loca­
tions are readable during Run time. 

CLCP = calibration complete (Bit 6): Is set at the end of a 
calibration sequence. The purpose of this bit is to notify the 
microprocessor that a self-calibration has completed. 

INT = interrupt (Bit 7): Is identical to the state of the INT pin. 
The INT status bit and pin is an OR of the status bits enabled 
in the Interrupt Mask register. While the polarity of the INT 
pin can be defined in the interrupt mask register, this bit is 
positive true only. 

Interrupt Acknowledge Register- Register 4 

Interrupt Acknowledge Register 

The status bits in the status register can only be cleared by 
setting the appropriate bit in this register; writing a zero has 
no effect. The relative bit positions in the Interrupt Acknowl­
edge register are identical to the Status register except for bit 
7, which is valid for reads (see explanation in Status Register) 
and undefined for writes (user must write a zero to this bit to 
be software-compatible for possible future redefinitions). 

Sequence Register- Register 5 

SR2 

Seq uence Register 

SRl 

READ 
ONLY 

SRO 

During the RUN mode, this register can be read back to 
indicate the current operation in progress. This is especially 
useful for examining interrupts when multiple intra-sequence 
pauses are specified. Bits 3-7 always reads 1s. 

Registers 6 and 7 -these registers are reserved for future use. 

3.2 Secondary Registers 
There are twenty 16-bit wide secondary registers containing 
the Data RAM, Instruction RAM, Timer, Alarms, Alarm 
Criteria Register, and Interrupt Mask. Except for the Data 
RAM, the secondary registers should only be accessed on 
initialization, or when the chip is placed in the Halt mode. 

ML2200, ML2208 

Secondary Registers 0 to 7 

Data RAM (read only) 
Calibration Holding Register (write only) 

UPPER BYTE LOWER BYTE 

015 08 07 DO 

8x16AiOOATA 
REGISTERS 

4 16-BIT CAL 
f------+------J REGISTER 

The Data RAM consists of eight 16-bit wide registers that hold 
the output results from the latest conversion sequence. Each 
word in the Data RAM has a one-for-one correspondence 
with a word in the Instruction RAM. The Data RAM is also 
referred to as the data output registers. 

The data output registers are double buffered and readable 
by the microprocessor at any time. The AI D converter fills a 
"shadow" bank of registers during conversions, while the 
microprocessor is free to read the output registers. When the 
sequence is done, the "shadow" bank information is trans­
ferred to the output registers for the microprocessor to read, 
after which time DBR is asserted. Therefore, the 
microprocessor has essentially one sequence time to drain 
the data buffer. This time varies according to the number of 
operations defined, the system clock frequency, the mode 
field for each operation, and the cycle length (number of bits 
to be converted). Refer to Conversion Times for more 
information. 

Data Format 

All data is returned from the converter in 16-bit two's comple­
ment format, right hand justified, with the sign bit extended 
across the most significant unused bits. 

Cycle +Max -Max Mid-Range 

16 7FFF 8000 0000 
13 OFFF FOOO 0000 
8 007F FF80 0000 

Calibration Holding Register-
This register is for diagnostic purposes only. It is one 16-bit 
wide register mapped into the write only secondary address 
space 0 to 7 (i.e., a write to any of the secondary addresses 
0-7 will load the Calibration Holding register). This register is 
write only and cannot be read back directly. It is used when 
the mode field in the Instruction Word is set to CAL Write, 
and the Instruction is executed. This command takes the 
contents of the Calibration Holding register and loads it into 
the Calibration register of the AI D converter. Note that this 
will change the calibration of the AI D converter, and a cali­
bration of the AI D converter should be done after a CAL 
Write command is issued. 
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Instruction RAM - Secondary Registers 8 to 15 (Read /Write) 

OP 0 

OP 1 

OP 2 

OP 3 

OP 4 

OP 5 

OP 6 

OP 7 

1 

1 

1 

13 

14 

15 

8 x 16 OPERATION 
REGISTERS 

The Instruction RAM, sometimes referred to as the Operation 
registers, consists of eight 16-bit wide registers broken up into 
seven different fields (see Figures 10 and lOA). Each Instruc­
tion or Operation defines a single conversion, where the 
converted data result is stored in the corresponding data 
output register. Note that when the SLFTST bit in the Control 
register is set, the Instruction Word is redefined for diagnostic 
mode. Figure 12 illustrates the redefinition when SLFTST is 
set. The following section defines the seven different fields 
making up the Instruction word when SLFTST ~ O. 

015 014 013-11 010-8 07-5 04,3 02-0 

I LAST I ALRMEN I MOOE I CHAN I CYCLE I GAIN REF 

REF (Bits 2,1,0-Voltage Reference Selection) REF specifies 
the source of the voltage reference used for the AI D 
conversion. 

GAIN (Bits 4 and 3-Gain Settings) GAIN defines the gain of 
the precision instrumentation amplifier. The gain can be 
either 1, 2, 4, or 8. Each gain factor of 2 adds an additional 4 
internal clock cycles (1/fcLKI) to the conversion time. There­
fore a gain of 8 adds an additional 12 internal clock cycles to 
the conversion time. 

CYCLE (Bits 7,6, 5-Cyde Select) CYCLE defines one of five 
different cycles: 8-, 13-, or 16-bit conversions, and READ or 
WRITE CAL CODE. Choosing 8-, 13- or 16-bit cycles deter­
mines how many bits the AI D converter will convert. How­
ever, even though the converter has a 16-bit cycle, it may not 
have 16 bits of useful resolution. The useful resolution of the 
converter can be determined from the linearity specs. 

Since the algorithmic converter is a successive approximation 
type of converter, an 8-bit cycle requires the least amount of 
time to convert, and the 16-bit cycle requires the most. Refer 

to Sampling Rates and Conversion Times for the exact num­
ber of clocks each cycle takes. 

READ CAL CODE and WRITE CAL CODE cycles are for diag­
nostic purposes only. READ CAL CODE reads the Calibration 
register in the AI D converter and loads it into the corres­
ponding data output register. WRITE CAL CODE transfers the 
contents of the Calibration Holding register into the AI D 
converter's Calibration register. The transfer is complete after 
the operation is executed. Refer to Diagnostics for more infor­
mation on READ and WRITE CAL CODE. 

CHAN (Bits 10, 9, 8-lnput Channel Number) defines the 
input channel to be converted. 

ALRMEN (Bit 14-Alarm Enable) When this bit is set the 
alarm criteria for the operation is enabled, otherwise the 
alarm is disabled for this operation. If ALRMEN is set and the 
alarm condition is met, the ALRM bit in the Status register will 
be set at the end of the operation. 

LAST (Bit 15 - Last Operation) signifies that this operation is 
the last operation of the sequence. The chip will return to 
and begin the first operation of the sequence after execution 
of the cu rrent operation. If all eight operations are specified, 
the last one MUST have this bit set. 

MODE (Bits 13,12, ll-Mode Selection) defines the condi­
tion that must be met for the operation to proceed. The 
mode field also has an effect on the Operation Execution 
Time. 

000 Immediate Execute 

001 Intra-Sequence Pause 

010 Start on Next Time out 

011 Preset Timer I Start on Time out 

100 External Sync Start 

101 External Sync/Timer PresetlTime out 

110 ILLEGAL 

111 ILLEGAL 

Events That Occur Within an Operation 

To better understand six modes of the ML2200 or ML2208 
one must first understand the events that occur during an 
operation. This can be aided by referring to Figure 17. 

OPERATION EXECUTION TIME 
I 

2 CONVE RSION EXECUTION TIME 

3 4 5 6 I INPUT CHANNELl 
ACQ. TIME 

1 REF. CHANNEL 1 
ACQ. TIME 

I I I I TlME __ 

SYNC PIN 
STERMOOE SAMPLE HOLD SAMPLE HOLD 

I 
MODE MODE MODE MODE 

I 
MA 

START OF START OF START OF 
OPERATION CONVERSION OPERATION 

Figure 17. Events Within an Operation 
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The first event that occurs in the Operation is the Start of 
Operation. This mayor may not be the beginning of the 
conversion, depending on the mode selected. The time be­
tween the Start of Operation and Start of Conversion is varia­
ble. When the conditions of the mode have been met, the 
Start of Conversion occurs. 

The Conversion Execution time includes the input and refer­
ence acquisition times, the gain time, and the successive 
approximation conversion time. Shortly after the Start of 
Conversion the SI H goes into sample mode acquiring the 
input channel for eight internal clocks. After the input has 
been acquired the SI H goes into hold mode, disconnecting 
the S/H from the input channel, and transferring the charge 
into the AI D converter. A couple of clocks later the same 
S/H goes into sample mode on the reference voltage, either 
the internal VREF or one of the input channels. The reference 
acquisition time for all six modes is the same; eight internal 
clocks. After the SI H goes into hold mode the successive 
approximation AI D conversion begins. When the conver­
sion is complete the next operation begins. 

Immediate Execute (000) - The Start of Conversion begins at 
the Start of Operation. In other words, the conversion begins 
the instant the operation begins. There is no gating item de­
laying the conversion. This mode allows the chip to convert 
at its maximum rate with no unnecessary delays. As an 
example of calculating the sequence time, if all eight opera­
tions used Immediate Execute with a gain of 1 and a 13-bit 
conversion, the time to execute one sequence (all eight oper­
ations) would be 8 • 110 ~ 880 internal clocks. 

Intra-Sequence Pause (001) - This mode provides a way for 
the microprocessor to initiate conversions, rather than the 
other modes which either initiate conversions from internal 
timings or an external pulse. At the Start of Operation the ISQ 
status bit is set. The microprocessor will recognize the setting 
of the ISQ status bit either by polling the Status register, or 
having enabled the ISQ interrupt. The Start of Conversion is 
delayed until the ISQAK bit in the Interrupt Acknowledge 
register is set. 

Start on Next Time out (010) - After the Start of Operation 
occurs the Start of Conversion is delayed until the internal 
timer decrements from 1 to O. When using this mode the 
timer will be free-running. This means that the timer is initial­
ized in the Halt mode and left alone to decrement and reload 
automatically when in the Run mode. This mode can be 
used to establish a specific sampling rate. Note that the timer 
value must be greater than the conversion time, therefore this 
mode can only slow the sampling rate down from its maxi­
mum rate. In the case where several operations are used, and 
only one of them uses this mode, the timer value must be 
greater than all the other Operation Execution times plus the 
current operation conversion time. 

Preset Timer/Start on Time out (011) -At the Start of Opera­
tion the timer is loaded with its pre-programmed count. The 
delay between the Start of Operation and the Start of Conver­
sion is the pre-programmed count. Execution time of the 
operation is the pre-programmed timer count plus the con­
version time. As opposed to mode 2, the timer can be any 
value between 2 and 216; i.e., there is no restriction on the 
timer value being greater than the conversion time. One 
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application of this mode would be when an external analog 
event is triggered by the SYNC pulse, and the conversion 
needs to be delayed by a programmable amount of time. 

Using the External SYNC Input - The followi ng description 
applies to modes 4 and 5, since these two modes use the 
external SYNC input. These modes should only be used 
when the SYNC pin is programmed as an input (MSTR bit in 
Control register is 0). If the external SYNC signal arrives be­
fore the Start of Operation, it may be latched depending 
upon the arrival time. If it arrives 22 clocks after the previous 
operation's Start of Conversion, external SYNC wi II be 
latched; any time before will miss the pulse. Therefore the 
external SYNC pulse rate should not be any faster than the 
frequency of the operations which use this mode, otherwise 
there will be more external SYNC pulses than conversions. 

External SYNC Start (100) - After the Start of Operation, the 
Start of Conversion is delayed until the rising edge of the 
SYNC pulse and the next rising edge of the internal clock. 
Unless the rising edge of the external SYNC is synchronized 
with the internal clock (See tSYNCCK Spec), the aperture 
uncertainty is one internal clock. 

External SYNC/Timer Preset/Time out (101) - For this mode, 
the external SYNC pulse presets the timer, and when the 
timer times out the Start of Conversion begins. The timer is 
preset after the rising edge of the external SYNC and the next 
rising edge of the internal clock. When the timer transitions 
from 1 to 0, the Start of Conversion begins. As in the previous 
mode, unless the rising edge of the external SYNC is synchro­
nized with the internal clock, the aperture uncertainty is one 
internal clock. 

Timer Functions ofthe Different Modes-The on-chip timer 
is started when RUN is asserted. It then free-runs, pre-loads 
and restarts itself at the pre-programmed count unless one of 
the modes in an operation word specifies a timer preset. If 

"Start on Next Timeout" mode is selected for all operations, 
the timer free-runs and subsequently starts conversions on 
regular intervals, without the inclusion of any variable over­
head timing requirements of any specific operation. The 
"preset timer" function that can be specified in any opera­
tion, functions as a "one-shot" time out feature; however it 
can upset the regularity of conversions. The use of the exter­
nal SYNC start allows flexibility with asynchronous conditions 
outside the chip. In addition, the use of time out with exter­
nal SYNC allows synchronous operation of multiple Micro 
Linear chips with interleaved operation. If a different rate is 
desired other than increments of one master clock cycle (112 
the ClK pin frequency) or if external events need to be 
counted before starting an operation, then setting the !eLK bit 
in the control register will divert the timer to the !eLK pin for 
all operations. 

Timer Holding Register-Secondary Register 16-This regis­
ter holds the pre-programmed value of the timer. The value is 
in 1 internal clock increments, orthe period of !eLK if this 
input is used. The timer is a countdown timer, therefore the 
realized delay will be the number loaded into the Timer 
Holding register multiplied by the clock period. The value is 
written as a 16-bit binary word, and either high or low bytes 
can be written first. These registers are both writable and 
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readable, with register writes executed only when the chip is 
in the Halt mode (RUN bit cleared in the control register). 
Reading the Timer Holding register will return the pre­
programmed value for the timer, it will not provide the actual 
timer value. Timer Holding register values of 1 or 0 are illegal 
and will "hang up" the timer when placed in Run mode. 
Therefore the minimum value that can be loaded into the 
Timer holding register is 2. The timer is decrementing when 
in Run mode and idle when in Halt mode. When the chip is 
placed in Run mode, the timer is automatically loaded with 
the value in the Timer Holding Register, and begins to count 
down. 

Alarm Registers-Secondary Registers 17, 18 (Read/Write)­
These registers specify the alarm criteria against which the 
converted data of a current operation is compared. The com­
parison occurs only when the ALRMEN bit is set within the 
operation. Secondary register 17 is Alarm A and secondary 
register 18 is Alarm B. These values are written in two's com­
plement format, right justified and sign extended (refer to 
Data Format for more information). 

Alarm Criteria Register- Secondary Register 19 lower byte 
(Read/Write)-Specifies the compare criteria to be used 
with alarm registers A and B. Bit 0 specifies whether the com­
parison of alarm word A is to be greater than (setting the bit) 
or less than equal to (clearing the bit). Similarly, bit 1 specifies 
the same criteria for alarm word B. The criteria of the two 
groups can be "ANDed" or "ORed" together by clearing 
(OR) or setting (AND) bit 2. Bits 3 and 4 enable the alarm 
comparison for words A and B, respectively. Bits 5, 6, and 7 
are unused and be can be any value when written, always 
read as ones. The following table illustrates all of the possible 
combinations, X signifies don't care. 

Bit Number 
4 3 2 1 0 

ENB ENA AND GB GA Test Done: 

0 0 X X X No Test 

0 1 X X 0 <S;A 

0 1 X X 1 >A 

1 0 X 0 X <S;B 

1 0 X 1 X >B 

1 1 0 0 0 <S;Bor<S;A 

1 1 0 0 1 <S;Bor >A 

1 1 0 1 0 >Bor <S;A 

1 1 0 1 1 >Bor >A 

1 1 1 0 0 <S;Band <S;A 

1 1 1 0 1 <S;Band >A 

1 1 1 1 0 >Band <S;A 

1 1 1 1 1 >Band >A 

Using the various criteria, the chip can discern whether a 
certain channel is inside or outside a band, or greater than or 
less than a value. Notifying the microprocessor can be done 
through an interrupt or by polling the status register. 

Interrupt Mask - Secondary Register 19 Upper Byte 
(Read/Write) 

This register is used to define which interrupt conditions are 
capable of setting the hardware interrupt pin and the INT bit 
of the Status register. The bits in the Interrupt Mask register 
are interrupt enable bits, meaning when the bits are set they 
enable the corresponding status bit to activate the hardware 
interrupt pin as welt as the INT bit in the Status register. The 
INTL bit determines the polarity of the INT pin. If set, the INT 
pin becomes active low, with an open drain output. If clear, 
the INT pin becomes active high, with driving capability in 
both directions. 

Secondary Registers 20 to 31-Undefined 
These registers are undefined and will cause unpredictable 
results if read or written to. 

4.0 SAMPLING RATES AND 
CONVERSION TIMES 

To determine the sampling rate, one must first determine the 
sequence execution time. A sequence is defined as the num­
ber of operations or instructions used. Therefore the se­
quence execution time equals the sum of the individual 
operation execution times. The simplest case for determining 
the sampling rate is when only one operation is used in the 
sequence. Then the sampling period is the operation execu­
tion time. If all eight instructions are used in the sequence, 
the sampling rate would be the sequence rate multiplied by 
the number of times the channel was sampled in the 
sequence. 

It is possible to sample one channel more frequently than 
another. For example, if every other operation sampled chan­
nel 0, whi.le the remaining operations sampled channels 1, 2, 
and 3, the sampling rate for channel 0 would be four times 
the sampling rate of the other channels. If periodic sampling 
is important, one must be careful when sampling a channel 
multiple times in a sequence since different operations can 
have different execution times. 

Example: Sampling Four Channels in a Burst Every 10 ms 

Using Mode 2 "Start on Next Time out" for Instruction 0 will 
establish the 10ms sampling rate, once the clock is initialized 
properly. Instructions 1, 2, and 3 can each use Mode 0 "Im­
mediate Execution". For the ML2200, each instruction can 
sample a different channel, thus covering all four channels in 
a burst. For the ML2208, the same holds true except all eight 
channels can be sampled in a burst, periodically. 

Assuming the external clock is 7 MHz and each conversion is 
13 bits with a gain of 1, the conversion time for each opera­
tion will be 110 • 286ns - 31.4115. Therefore four instruc­
tions will require 4 • 31.4!ls - 125.7,.,s. The execution 
time is much less than the sampling rate, thus the timer can 
be used to set the sampling rate. The, timer value for a 10 ms 
sample rate is: 10ms/286ns = 35,000 decimal or 88B8H. 
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Operation or Instruction Execution Time 
Figure 17 illustrates the Operation Execution Time. The time 
between the Start of Operation and Start of Conversion is 
variable and depends on the Mode chosen. For more infor­
mation on how to determine the time between Start of Oper­
ation and Start of Conversion refer to the Secondary registers 
Mode field description in the Instruction RAM. 

The Conversion Execution time depends on the Cycle, the 
Gain, and the Mode chosen in the instruction word. Modes 
0-5 all behave the same way when it comes to Conversion 
Execution Time. To help determine the Conversion Execution 
Time the following table gives the number of internal clocks 
used for Modes 0-5 based on the Cycle chosen. 

Cycle 

16-Bit 

13-Bit 

8-Bit 

Read CAL 

Write CAL 

Number of Internal System 
Clocks Needed 

(1/fCLK1) 

128 

110 

80 

80 

52 

Add 4 extra clocks to the Cycle time for each gain of 2 (in­
cluding Read CAL and Write CAL). For a gain of 2 add 4 extra 
clocks, for gain of 4 add 8 extra clocks, for gain of 8 add 12 
extra clocks. Example: Modes 0-5, Cycle-13-bit conversion 
with a gain of 8. Conversion Execution time is 122 internal 
clocks. 

5.0 MICROPROCESSOR 
INITIALIZATION PROCEDURE 

The following sequence of steps is recommended when 
initializing the ML2200 from the microprocessor: 
1) Keep reset active for at least 10 internal clock cycles after 

power supplies have stabilized. If a software reset is issued, 
hold off microprocessor communications with the chip 
until the RESET bit in the control register is read back as 
cleared, which takes 4 internal clock cycles. 

2) If desired, check the data register path by performing a 
write and read of the calibration register for all 8 opera­
tions. (This step is optional, but does provide user 
assurance of the integrity of the on-chip data paths.) The 
calibration register is a full 16-bit data path. 

3) Perform a calibration by first enabling the CLCP interrupt 
in the Interrupt Mask register, then start the calibration by 
asserting the CAL bit in the Control register. Alternately, if 
an interrupt driven system is not desired, the interrupt 
status register can be polled 8260 internal clocks after the 
CAL bit has been set. The chip should not be polled dur­
ing calibration. 

4) Upon receiving the CLCP interrupt, acknowledge it. If 
desired, read back the calibration code to verify a success­
ful calibration. Other diagnostics may be run at this time, 
however diagnostics are optional and not required. 
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5) Load the Instruction RAM, alarm criteria, interrupt condi­
tions, and timer. Set the proper data transfer mode up 
(DMA, interrupt driven or pplled mode.) Clear all status 
bits before setting the RUN bit. 

6) Start the chip running by setting the RUN bit in the Con­
trol register. This may be done by ~Ring the RUN bit with 
the other bits already configured in the Control register; 
however do not set the CAL bit again or another calibra­
tion will take place. Writing a 0 to the CAL bit has no ef­
fect; it wi II sti II read 1. 

5.1 Reset/Power-On Conditions 
When applying power to the ML2200, DVcc and AVec 
should never be powered-on at different times. 

It is OK to assert both RD and WR during RESET time, but not 
legal to do so otherwise; this may damage the chip internally. 

The following list specifies the affected registers on the chip 
after a reset is performed. Note that both hardware and soft­
ware reset of the chip have identical effects. 

All registers shown below are cleared (all bits 0): 

Primary Registers: 
Index register (register 2) 
Control register (register 3) 
Status register (register 4) 
Sequence status (register 5) 

Secondary Registers: 
Interrupt bit mask (upper half, register 19) 
Alarm criteria register (lower half, register 19) 

All other registers will have random data in them after power­
on. If a hardware or software reset is performed later, registers 
which are not listed above will be unchanged. 
Re-calibration after a hardware or software reset is not neces­
sary, since the calibration register remains the same after a 
reset. Only after a power-up is a calibration necessary. How­
ever the CAL bit in the Control Register will be cleared after a 
reset. Setting the RUN bit while the CAL bit is clear will cause 
the RN ER bit to be set. But, if a calibration had been done 
before the reset, the RNER may be ignored. 

5.2 Timer 
If any of the operations require a timer function, (either a 
one-shot or regular conversion interval) then the timer value 
must be written. This is done by writing the index register 
value to 10 hexadecimal and writing the proper 16-bit time 
value to the window registers. The timer value must be 
greaterthan 1. If using mode 2 "Start on Next Time out" the 
timer value must be greater than the conversion time. 

5.3 Limit Alarm Operation 
The chip may be set up to watch for certain data conditions 
by enabling the proper interrupt bits in the Interrupt Mask 
register. These conditions include AID overrangel 
underrange and user-defined alarm criteria. In order to use 
the alarms, the A and B alarm values must be defined. Note 
that since alarm registers A and Bare 16 bits wide, 13-bit two's 
complement sign extended values must be loaded. (Referto 
Data Format for more information). In order to further qualify 
alarm registers A and B, the Alarm Criteria register must be 
initialized. 
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5.4 Defining Interrupt Conditions 
If the chip is used in polled situations, the interrupt mask bits 
need not be set unless the "OR" of the interrupt conditions, 
bit 7 in the Status register is used. 

If the chip is used in interrupt mode rather than polled mode, 
the desired interrupt conditions should be considered. In 
addition to the interrupts specified for data comparison oper­
ations, several other interrupts can be defined in the Interrupt 
Mask register. The DBR bit can be set if the DBR pin is not 
used. This enables interrupts at the end of sequences for data 
transfer via the INT pin. The intra-sequence interrupt bit 
should be enabled if intra-sequence pauses are desired in any 
of the operations. Overrun error and run-time error bits 
should be enabled if trapping of these errors is desired. 

Note that alarm A and Band overrange interrupts occur at 
any time within the sequence of operations. Due to the inter­
rupt latency time of the microprocessor, multiple interrupts of 
this type within a sequence may be indistinguishable from 
each other. The A and B alarms should generally be used on 
only one operation so that its source can be determined with 
no ambiguity. Overrange interrupts can be handled byexam­
ining the data in the chip at the end of the sequence. 

The INT pin polarity can be defined to be active high (bit 15 
cleared in the Interrupt Mask register) or active low (bit 15 
set). When active low is chosen, the INT pin is open drain 
without a pull-up. When active high, the INT pin is driven 
actively in both directions. The default condition is active 
high, and the INT pin is actively driven low during reset time. 

6.0 METHODS OF DATA TRANSFER 
TO THE MICROPROCESSOR 

There are several ways to handle the data output; polling, 
interrupt, or DMA. If interrupts are the method chosen, 
method 5) may be preferable. Method 5) DMAlinterrupt 
mode, does not require a DMA controller. It simply uses the 
DMA mode of the ML2200 or ML2208 which can be inter­
faced to an interrupt controller. 

1) Intra-Sequence pause instruction is used when the 
microprocessor is not going to periodically/continuously 
read the data, but it will read the data at arbitrary times. 
The Table 1 below shows the op codes to sample all eight 
channels. 

Table 1. Channels in an ML2208 at Arbitrary Times 

Last ALRMEN Mode 

SEQO 0 0 Intra Sequence 
Pause 

SEQ1 0 0 Immed Execute 

SEQ2 0 0 Immed Execute 

SEQ3 0 0 Immed Execute 

SEQ4 0 0 Immed Execute 

SEQ5 0 0 Immed Execute 

SEQ6 0 0 Immed Execute 

SEQ7 0 Immed Execute 

Using these instructions the program begins when the RUN 
bit is set in the control register. Immediately after RUN is set, 
before the first conversion takes place, the ISQ bit in the 
status register is set. This indicates that the sequencer has 
paused. When the microprocessor wants to read a value on 
one or more of the channels it sets the ISQAK bit in the Inter­
rupt Acknowledge register. The ML2208 then performs eight 
conversions back-to-back, jumps back to sequence 0, and 
sets the ISQ and DBR bits in the status register. The data from 
all eight channels is now available in the Data RAM. The next 
time a conversion is desired, once again the microprocessor 
sets ISQAK in the interrupt acknowledge register. 

2) Polled mode transfer is done simply by polling the status 
register and examining the DBR bit to see if a sequence 
has been completed. The DBRIE interrupt mask bit need 
not be set, but an acknowledge should be done by setting 
DBRAK in the Interrupt Acknowledge register, otherwise 
an overrun error will occur. The CPU can just poll the INT 
bit in the Status register. Only the bits which are 
enabled in the Interrupt Mask register will set the 
INT status bit. When the INT bit is set, the CPU can 
examine the other status bits to determine which 
requests are active. 

3) Interrupt mode can be implemented using the INT pin 
and enabling the desired interrupt conditions in the Inter­
rupt Mask register. The polarity of the INT pin can be 
selected at the same time. If desired, DBR can be used as 
a second interrupt pin to signify the transfer of data only. 
This may be useful in systems with multiple and 
prioritized interrupt structures. If DBR is used, the DBR 
mask bit in the interrupt mask register should be disabled 
or cleared. 

4) DMA mode can be implemented by setting the DMA 
enable bit in the control register and selecting high byte or 
low byte first by setting or clearing the LOBYT bit. The 
DBR pin is utilized as the DMA request, and will remain 
asserted until all data from the sequence is read. 

5) DMA/lnterrupt mode. DMA mode can also be used in 
non-DMA applications. Although this appears to be un­
conventional, it may actually be preferred over the inter­
rupt mode because of its convenience and speed. One 
way to do this would be to use the DBR pin as an interrupt 
request but enable DMA mode in the DAP. When data is 
ready DBR interrupts the microprocessor. The 

CHAN Cycle Gain REF 

CHO 13 Internal 

CHl 13 Internal 

CH2 13 Internal 

CH3 13 Internal 

CH4 13 Internal 

CH5 13 Internal 

CH6 13 Internal 

CH7 13 Internal 
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microprocessor then reads either window register the 
required number of times to drain the Data RAM. Using 
the DMA mode interrupt method over non-DMA mode 
interrupt method saves a lot of overhead. For example in 
non-DMA mode interrupt method (assuming AUTOI is 
set), the index register would have to be set on entry, and 
the DBRAK bit would have to be set each service routine. 
In DMA interrupt mode, neither the Index register nor the 
DBRAK bit would have to be set. These are handled auto­
matically in DMA mode. 

7.0 POWER-DOWN MODE 
The chip can be powered-down by asserting the PDN pin. It is 
advisable to place the chip in HALT mode first by clearing the 
RUN bit in the control register, however the chip will auto­
matically go into Halt mode when powered-down. All analog 
circuits are powered-off; digital circuits are left in an idle state. 
All registers within the chip will retain their values down to a 
level of 2V between Vee and GND. 

Powering-up the chip is done by bringing PDN high. The chip 
will be in Halt mode upon power-up. Note, however, that the 

APPENDIX A 
Diagnostics 
The ML2200 and ML2208 may be run through a diagnostic 
routine after power-up. The DAP provides software 
programmable diagnostics so that no external hardware is 
necessary. Diagnostics are not necessary. They are provided 
as an option to the user. 

Self-Test Mode 
Setting the SLFTST bit in the Control register redefines the 
CHAN field in the Instruction Word. This in effect changes 
the input to the Sample-and-Hold from the multiplexer input 
channels to internal points within the chip; such as VREF and 
AGND. Conversions in the Self-Test Mode allow the user to 
determine how the Sample-and-Hold and AI D converter 
behave with known input signals. This can be useful as a 
diagnostic routine for a product in the field, or as a debugging 
feature during product development. Figure 16 illustrates the 
re-definition of the instruction word when SLFTST ~ 1. 
1. System Offset - The positive and negative inputs to the 

Sample-and-Hold are tied to analog ground. With this 
setti ng, converted data wi II give the offset of the A I D 
converter and Sample-and-Hold combination. 

lAST ALRMEN MODE 

SEQ 0 0 0 INTRA SEQ PAUSE 

SEQ 1 0 0 IMMED EXECUTE 

SEQ 2 0 0 IMMED EXECUTE 

SEQ 3 0 IMMED EXECUTE 

After the RUN bit is set, the ISQ bit in the status register is 
immediately set. Setting the ISQAK bit in the Interrupt Ac­
knowledge register will allow the sequencer to continue. The 
next time the ISQ bit is set, the results may be read from the 
Data RAM. 
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first 10 ms of chip operation after a power-up will not be valid 
due to the settling of quiescent bias conditions within the on­
chip's analog circuits. Any data that is returned for this period 
after power-up should be considered invalid. The user has 
the choice of either throwing away the first 10 ms of data or 
waiting for 10 ms and then setting the chip in RUN mode. The 
on-chip timer can be used for this purpose, if desired, by 
defining a sequence of dummy operations that last for the 
required delay, then re-writing the required operations for 
normal use. 

Acknowledge register. DSRAK should also be set sometime 
before the next sequence to prevent the OVRN bit from 
being set, however this is not necessary. 

Note that the microprocessor cannot let the ML2200 se­
quencer run continuously, i.e., SEQ 0 would be changed to 
Immediate Execute and asynchronously read the Data RAM. 
The problem in this case would be that the microprocessor 
may read the data at the same time that the chip is updating 
it. That is why either polling, interrupt, or DMA transfer is 
required in a continuous run mode of operation. 

2. Internal Reference - Connects the positive input of the 
Sample-and-Hold to VREF and the negative input of the 
Sample-and-Hold to analog ground. The result of convert­
ing in this test mode is a value near positive full scale. 

3. Invert Internal Reference - Connects the negative input of 
the Sample-and-Hold to VREF and the positive input of the 
Sample-and-Hold to analog ground. The result of convert­
ing in this test mode is a value near negative full scale. 

4. Common Mode - Both the positive and negative inputs of 
the Sample-and-Hold are tied to the internal VREF. The 
result of a conversion in this test mode indicates how well 
the converter is rejecting a common mode signal. 

Since setting the SLFTST bit merely changes the input to the 
Sample-and-Hold, conversions must be executed in order to 
read the results. This means placing the chip in the RUN 
mode and reading the results from the Data RAM. It is possi­
ble to run one sequence then halt the sequencer and read 
the results. The sequencer can be put in a "pause" via the 
Intra Sequence Pause Mode instruction. The following 
instructions accomplish this: 

CHAN CYCLE GAIN REF 

SYSTEM OFFSET 13 0 

INT REF 13 0 

MINUS INT REF 13 0 

COMMON MODE 13 0 

Reading and Writing to the Calibration Register 
The ML2200 and ML2208 architecture provides a way for the 
microprocessor to indirectly read and write to the AI D con­
verter; specifically the Calibration register and the AI D's Data 
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register. Figure 18 illustrates this architecture. 

The instructions that cause these transfers are READ CAL 
CODE and WRITE CAL CODE; selected in the Cycle field of 
the instruction word when SLFTST - O. WRITE CAL CODE 
transfers the contents of the Calibration Holding register into 
the AID converter's Calibration register. READ CAL CODE 
transfers the contents of the Calibration Holding register 
through the ·AI D's Data register, into the Data Output register 
with the same location as the operation. 

WRITE 
ONLY 

READ 
ONLY 

15 

I 

15 

SECONDARY REGISTERS 
0-7 

CALIBRATION HOLDING REGISTER 

DATA OUTPUT REGISTE RS 

1 

2 

3 

4 

5 

6 

7 

0 

0 

As a result of providing READ and WRITE CAL, it is possible 
to execute digitalloopbacks through the Calibration register, 
AI D registers, and all 8 Data Output registers. These loop­
backs provides user assurance that all of the paths are clear 
and there are no stuck bits. 

Writing to the Calibration register changes the calibration of 
the AI D converter. Therefore a self calibration should be 
performed after executing a WRITE CAL CODE to ensure the 
AID is properly calibrated. 

, 15 0 

CALIBRATION REGISTER I 

16 15 ! 0 

DATA REGISTER I 

AID CONVERTER 

Figure 18. Digitalloopback Architecture 

DIGITAllOOPBACK ARCH ITECTU IU 

Reading the calibration register provides a way for the 
microprocessor to determine that the self calibration was 

. successful. The microprocessor configures the DAP to exe­
. cute a READ CAL CODE after a self calibration has been 
performed. If the lower byte of data from the READ CAL 
CODE is anything other than allls, then the calibration was 
successful. 

Even though the calibration register itself is a l6-bit register, 
and is capable of holding a l6-bit result, only the lower 9 bits 
are significant in determining the calibration code. These 9 
bits have a sign magnitude format; in other words the 9th bit 
(MSB of the 9-bit word) is the sign bit, and the other eight bits 
are magnitude bits. An easy way to determine whether the 
calibration has passed or failed is to read the lower data byte 
after a READ CAL is executed. If it's not alils then the calibra­
tion was a success. 
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ML2200, ML2208 

APPLICATIONS 

Utilizing instruction RAM bits 0, 1, and 2, any of the differen­
tial input channels of the Ml2200 can be programmed to 
sense the external ref!,!rence (See Figure 13.) Only single 
ended channels 0 thru 5 can be used on the Ml2208 
(See Figure 14.) 

ML2200 

~
"cc 

VREF +CHO 

-CHO 

AGND 

ML2208 

~
"cc 

VREF CHO 

COM 
AGND 

Figure 19. Using a 2.5 V External Reference 

The system gain errors can be nulled by applying 2.4991 V 
(the full-scale voltage minus 1.5lSB) to one of the input chan­
nels and adjusting R1 until the digital output toggles between 
0111111111110 and 0 111111111111. If offset is not adjusted the 
full-scale voltage will be shifted by the amount of this 
unadjusted offset voltage. 

ML2200 

>--+----1 +CHO 

-CHO 

o-+--------~ AGND 

ML2208 

:>--+----1 CHO 

COM 
o-~-------+_I AGND 

Figure 20. Adjusting Full-Scale Error 
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APPLICATIONS (Continued) 

INPUTS 
REFERENCED 

TOAGND 

ML2200 

------i+CHO 

-CHO 

---+---i +CHI 

-CHI 

---+--1 +CH2 
-CH2 

---+---i +CH3 

.------t--I -CH3 

L-------IAGND 

INPUTS 
REFERENCED 

TOAGND 

ML2208 

----ICHO 

----I CHI 

----ICH2 

-----ICH3 

----ICH4 

-----ICHS 

-----ICH6 

----ICH7 

r-----HCOM 

'--------1 AGND 

Figure 21. Adjusting Zero Error 

An op amp with an offset adjustment with a range of at least 
±1.3mV is required, like an OP-27. The Zero Error can be 
nulled by first applying 30S/lV to one of the input channels 
(referenced to AGND.) 30S/lV is equivalent to '12 LSB which 
is the ideal input voltage which should cause the digital 
output to toggle from 0 0000 0000 0000 to 0 0000 0000 0001. 
Adjust R3 until this occurs. 

If an external reference is also being used, it should be refer­
enced to AGND, while the COM or negative inputs are tied 
to the offset op amp as shown above. In this configuration, 
the offset adjustment will effect the gi!in setting and so should 
be set first. 

The Channel to Channel Zero Error and Full-Scale Error are 
very low and do not need to be adjusted seperately. If, how­
ever, the input signal sources have their own different offsets, 
a separate op amp, with an offset adjustment, can be placed 
at each channel input. 
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APPLICATIONS (Continued) 

6800 

VMA 

AO-A7 I-+=-----~--. 
+5V 

A8-A15 

R/W t----J---------jiX>--------o.j 

00-07 I-----------+'----------~ 

+5 
(unused) 

3k 

IRQ~--------~----------------------------, 
RESET ~----~----------------~ 

c::::J 7MHz 

T 

ML2200 
+5V 

CS PON 
AVec 

ALE OVcc 

AO-A2 

Vss 

ill 
VTEMP 

WR 
VREF 

00-07 CHO+ 

ORR CHO-

CH1+ 

INT CH1-
RESET 

tCLK 
CH2+ 

CH2-

ClK CH3+ 

CH3-

SYNC 

OGNO AGNO 

Figure 22. Interfacing Ml2200 to 6800 Type Microprocessors 

0-15 PSIO 

PI 
R3 
Rl, RO 
RS 
RG 

VRU --.---+-~ 
(From Ml2208 

or Ml2200) T 1~F 

AGNO --.J 

SENSYM SCX150NC 
lOOkQ 
10kQ 
1_25kQ 
500Q 

Output voltage 0-2.5V when J1 = AGNO 
± 2_5V when J1 = -5V 

Rl 

-=- AGNO 

Figure 23. Pressure Sensor Application 

"Micro Linear 

FULL SCALE 
ADJUST 

+5V 

4 DIFFERENTIAL 
ANALOG INPUT 
CHANNElS 
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ML2200, ML2208 

ORDERING INFORMATION 

PART NUMBER 

Four Differential Analog Inputs 

ML2200BC] 
ML2200CC] 
ML2200DC] 

Eight Single Ended Analog Inputs 

ML2208BCJ 
ML2208CC] 
ML2208DC] 

2-32 

LINEARITY 
ERROR 

±3/4 LSB 
±1 LSB 
±1 LSB 

±3J4 LSB 
±1 LSB 
±1 LSB 

MINIMUM 
CONVERSION 

31.5ps 
31.5ps 
44.0ps 

31.5l's 
31.5ps 
44.0ps 

'Micro Linear 

PACKAGE 

Hermetic DIP 

Hermetic DIP 

TEMPERATURE 
RANGE 

O°C to +70°C 

O°C to +70°C 



.J. Micro Linear 

GENERAL DESCRIPTION 
The ML2200, ML2208 Exerciser is a versatile development 
tool that shortens the development time and aids in the un­
derstanding of the ML2200, ML2208 Data Acquisition Periph­
erals. In a short period of time a user is able to reset and 
calibrate the part, start executing programs, and evaluate the 
performance and operation of the part. 

The Exerciser includes a hardware Testbed with prototyping 
board area, a Host Adapter Card which plugs into the IBM 
PC, Xl; AT and compatibles, a ML2200 or ML2208 Data Ac­
quisition Peripheral, and a user friendly interactive software 
package. 

The interactive software is menu driven, providing helpful 
comments at each level. The complete operation of the 
ML2200, ML2208 can be explored including all possible 
register configurations. Once the registers are configured as 
desired, the part maybe run at full speed. Break conditions 
maybe setup to exit out of the run mode, and once again 
examine the registers. 

~L2200EX,~L2208EX 

ML2200, ML2208 Exerciser 

FEATURES 
• On-Chip registers may be viewed and modified 

directly 
• Testbed brings out alii / a signals and provides bread­

board area for user specific circuits 
• Full-speed operation captures data into a 20 K word 

buffer in the PC 
• 20 K word buffer can be displayed graphically or in 

table form 
• Single Step Operation 
• Runs in an IBM PC, Xl, AT or PC compatible Host 

While the ML2200 is in the run mode, the AI D converted 
data is saved in a 20 K word buffer in the PC's RAM memory. 
The data in the 20K word buffer can be displayed either 
graphically or in a table form for closer examination. 
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~12200EX,~12208EX 

~!~ia~~~~~alC~I/:~f~::~h~~ngl~-step Ml-speed Mhles QUit 

IllilW!I 
GN:! R!r:REF 
GN;l REF:REF 
GN:! R!r:R!r 

1 ~~l I!f::lf 
I

GH:!:R!r:R!F 
GN:!,R!r:R!F 
GN:ll nr:REF 

IHT(Pln):L (negated) 
DBR(Pln):L (negated) 

======<:AL=RESET=SLFTST=Tm=DHil=LOBYT==i'ISTR=RUH= 
CONTROL, I I I i I I I I 
~INTL==(LCP!E=RH[JilE=ISQ[E=OORNIE=fILE"IE==(JURCIE=DBR!E= 
IN! ~ASK : e 9 0 0 ~ ~ a 0 

IKf==(LCP=R~ER=ISQ===OIJRH===I1L~===OORG=DBR= 
STATUS: BOO 1 0 0 0 B 

The main menu of the ML2200, ML2208 Exerciser software 
displays a summary of all of the registers on the chip. The 
contents of the Operation Registers are displayed in 
mnemonics while the contents of the timer and alarm 
registers are displayed in decimal. The top of the screen 
provides the main menu. 

After the data has been captured at full speed and stored in 
the 20K word buffer, it can be displayed in a table form or in 
graphic form as shown above. 

REQUIRED HARDWARE 

SPEClFV MODE: ICI:IHI Pause Nexlto Fs,dly Sh,xsyn ~syndh Ah,xsyn Ts,dl~ 

OP!RAfIOH 
REClSmO Last Alf~en ~ Chan 

! I III Iii 

"""010 ~ALRMDISIIMIlED ICH:CHI 

ftP ~:~et~m_~~~~~~~e pause hit (ISQ) In status 
rUlster ana ~a!t for acknowledge 

010 N[~TTO Hart on nut tlMnut 
011 FULY Preset tuer and sh~t after tlMeQut ((!Ked saMPle) 
109 SH,Xm Externaisyncnronous stut (synoh~onDus hoW 
101 XSYHDLY ~g;tf~ft:~ttl:~~~t tben prmt tlMf ana 

m ~~: m" ~~~~~~all~~~c~~~n~~~p~t!ne~am~~~~nm~~~l:!"ple) 
The ~oae hela spmhes the condition ~hlch Must be ~et hefm thiS 
opmtlon ~Ill he perfor~ed, 

The Disp/ mod menu allows individual access to each 
register for display or modification. The above screen shows 
how to modify the operation registers which changes the 
Instruction RAM. 

~Rm INrERRUPl AC~ REG: I!!mI Rner ]sq OVrn A]r~ ~ovrg Dbr WN Ie Sicir 
Set CLCPAK hit 

r~fo!n!~~fU[! ;nn~~lf~~e d~~i~;le~al~e a a~~11t;~niY 5~~!~~f:rWN W I!:~~l~te 

~~~~u:l.~e~~s~~~, In~~i~~~~ ~c~n~~i~a~i t ri~IU:r 1~~~~~~~~n!~k~~Wre~~: In the 
reglstHcjem the mrespondlng hit In the status reYls\er, Hestatus 
register IS dlspiayed forrefmnce. 

Each bit can be individually modified for step by step 
programming. The above screen displays the Interrupt 
Acknowledge register and Status register. 

IBM PC, Xl, AT or compatible, 1 floppy disk drive, 192 K bytes of memory and a CGA, EGA or compatible graphics card. 

ORDERING INFORMATION 
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PART NUMBER 

ML2200EX 
ML2208EX 

DESCRIPTION 

Exerciser System and a ML2200 Data Acquisition Peripheral 
Exerciser System and a ML2208 Data Acquisition Peripheral 
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'Micro Linear 
September 1990 

PRELIMINARY 

ML2221 

Serial Peripheral Interface (SPI) 
12-Bit Plus Sign AID Converter with S/H 

GENERAL DESCRIPTION 
The ML2221 is a member of Micro Linear's 12-bit plus 
sign CMOS AID converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to­
digital converter's accuracy specification. 

These AID converters have a maximum nonlinearity 
error over temperature of ±0.009% or ±0.012% of 
minus full scale to plus full scale. 

The serial interface is compatible with industry 
standard serial interfaces. The ML2221 has 4 modes of 
operation: gated serial data clock, gated chip select, 
chip select to initiate conversion with serial out data 
controlled by ML2221, and free run mode. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 

BLOCK DIAGRAM 

VREF vss CCLK- CCLK Vee 

r r 

VIN+ 

SELF·CAUBIW"ING 
12·BI1 + SIGN AID 

AND 
SAMPLE AND HOLD FUNaloN 

VIN-

1 1 
AGND RESET DGNO 

FEATURES 
• Nonlinearity error ±34 LSB and ±1 LSB max 
• Conversion time 

(including S/H acquisition) 44ps max 
• Harmonic distortion 0.01% 
• No missing codes 
• Self calibrating - maintains accuracy over time 

and temperature 
• Inputs withstand 17V1 beyond supplies 
• Bipolar -SV to +SV analog input range 
• Controlled or free run operation 
• Direct 4-wire interface to pP (MPU) with _ 

synchronous serial formats 
• O°C to +70°C, -40°C to +8SoC temperature range 
• 16-pin DIP 

PIN CONNECTION 

16-PIN DIP 

AGND 

Vee 

SClKIN/OUT CCLK 

BUSY 

cs 
MSB 

DO 

CCLKo 

RESET 

MSB 

BUSY 

© Micro linear 1990 

'-Micro Linear 15 a registered trademark 
of MICro Lmear Corporation 
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PI N DESCRIPTION 
PIN PIN 
NO. NAME FUNCTION NO. NAME FUNCTION 

VIN+ Positive Differential Analog Input; 11 MSB Most Significant Bit is transmitted 
range = V ss ::; VIN + ::; V cc, first if MSB is tied to V cc; least 
I(VIN+) - (VIN-li ::; VREF· Significant Bit transmitted first if 

2 VIN- Negative Differential Analog Input; MSB is tied to DGND. 

range = V ss ::; VIN - ::; V co 12 RESET Active low Reset. The RESET 
I(VIN+) - (VIN-li ::; VREF· period is set by the time constant 

3 VREF Voltage Reference Input; of the internal 50K pull up resistor 

referenced to analog ground. and an external capacitor. After 
the RESET period the converter 

4 Vss Negative Supply -5V ± 5%; will be ready for accepting 
decouple to AGND. requests or will automatically start 

5 SClKIN/OUT SClK mode select conversions/transmissions based 
SClKIN/0UT = 5V; SClK is an input upon the mode. 
serial ClK. 13 CClK+ Sets CClK equal to internal clock 
SClKIN/OUT = OV; SClK is an if tied to 5\1. If tied to ov the 
output serial ClK. internal clock equals CClKI2. 

6 DGND Digital Ground. With CClK equal to the internal 
7 SClK Bi-Directional Serial Data Clock. ClK the user can synchronize to 

Serial data always changes with all internal timing events, although 
the clock present at SClK. CClK duty cycle must be 

8 DO Data Out. Digital output which controlled to meet the minimum 

contains result of AID conversion. clock high and low times specified. 

The serial data is clocked out on 14 CClK Clock Input. Internal clock can be 
falling edges of SClK. generated by tying a crystal from 

9 BUSY Three-state active high BUSY this pin to DGND or applying a 

status output. Normally low. Goes clock directly to the pin. 

high to indicate that a conversion 15 Vcc Positive Supply. +5V ± 5% 
is in progress; de-asserted when decouple to AGND. 
conversion is complete and data is 16 AGND Analog Ground 0 Volts. Common 
available from the conversion just mode reference point of the 
completed. A pulldown resistor is internal differential circuitry. 
recommended on this pin. 

10 CS Active low Chip Select, starts a 
conversion and brings the BUSY 
and DO out of the three-state 
mode. CS is used in modes where 
conversion or transmission timing 
is controlled; held low in gated 
SClK and FREERUN modes. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Supply Voltage (Vcd ................................... 6.0V Temperature Range ....................... T MIN :S TA :S T MAX 
Negative Supply Voltage (Vss) ......................... -6.0V ML2221BIj, ML2221Ci] ..................... -40°C to +85°C 
Voltage at Analog ML2221BCp, ML2221CCP ..................... O°C to +70°C 

Inputs ............................... Vss - 7V to Vcc + 7V Supply Voltage (Vcd ...................... 4.5VDC to 6.0VDC 
Voltage at VREF •.•••••••••••••••••••••• Vss - 7V to Vcc + 7V Negative Supply Voltage (Vss) ........... -4.5VDC to -6.0VDC 
Input Current per Digital Pin ........................ ±10mA Reference Voltage (V REF) .••••••••••••••••••••••••••••.••• V cc 
input Current at Analog Inputs ...................... ±20mA 
Storage Temperature Range ................. -65°C to +150°C 
Package Dissipation at 25°C (Board Mount) .......... 875mW 
Lead Temperature (soldering 10 seconds) 

Dual·in-line Package (Molded) ...................... 260°C 
Dual-in-line Package (Ceramic) ..................... 300°C 
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ELECTRICAL CHARACTERISTICS 
The following specifications apply for Vee = +5V ± 5%, Vss = -5V ± 5%, VREF = +4.75\1, VIN- = AGND, 
VIN+ = -4.75V to +4.75\1, TA = T MIN to T MAX unless otherwise specified. 

ML2221 BII, ML2221 CII ML2221 BCp, ML2221 CCP 

PARAMETER NOTES CONDITIONS MIN I (N:: 3) I MAX MIN I (N~: 3) I MAX 

Converter Characteristics 

Linearity Error 
Ml2221BXX 4 feeLK = 0.1 S 5MHz ±3;" ±3;" 
Ml2221CXX ±1 ±1 

Unadjusted Zero Error 
Ml2221BXX 4 ±3;" ±3;" 
Ml2221CXX ±2 ±2 

Unadjusted Positive and Negative 4 ±5 ±4 
Full-Scale Error 

Zero Error Temperature Coefficient 0.5 0.5 

Gain Temperature Coefficient 10 10 

Common Mode Rejection 5,6 80 80 

Analog Input Source Resistance 4 2 2 

Analog Input Range 4 VIN+ Referred to VIN- -VREF +VREF -VREF +VREF 

Analog Input leakage Current 4 100 100 

Voltage Reference Input Source 4 0.5 0.5 
Impedance 

Reference Input leakage Current 4 100 100 

Digital and DC Characteristics 

Power Supply Current 

leo Vee 4 30 50 30 50 

Iss, Vss 18 30 18 30 

Power Supply Rejection 7 
Vee DC 80 80 

DC to 25kHz 50 50 

Vss DC 80 80 
DC to 25kHz 50 50 

VILeLK, Clock I nput low Voltage 4 0.8 0.8 

VIHCLKr Clock Input High Voltage 4 3.5 Vee 3.5 Vee 

1L1' Input leakage Current (CClK) 4 AGND S VIN S Vee ±200 ±200 

VII., Input low Voltage 4 0.8 0.8 

VIH' Input High Voltage 4 2.0 Vee 2.0 Vee 

VOu Output low Voltage 4 IOL = 2.0mA 0.45 0.45 

VOH, Output High Voltage 4 IOH = -400flA 2.4 2.4 

lu Input leakage Current 4 AGND S VIN S Vee ±10 ±10 
(except ClK) 

IHI.z, Output leakage Current 4 CS = VIH ±10 ±10 

CI, Input Capacitance 5 10 10 
(all digital inputs) 

Co, Output Capacitance 5 10 10 

'Micro Linear 

UNITS 

lSB 
lSB 

lSB 
lSB 

lSB 

ppm/DC 

ppm/DC 

dB 

kO 

V 

nA 

kO 

nA 

mA 
mA 

dB 
dB 
dB 
dB 

V 

V 

flA 

V 

V 

V 

V 

flA 

flA 

pF 

pF 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

At:. Electrical Characteristics (Note 8) 

tc Conversion Time 4,9 fCCLK = 5MHz (CClK-;- = "0") 44 ps 

Sample and Hold Acquisition 4,9 fCClK = 5MHz (CClK-;- = "0") 3.2 J1S 

fCClKO Clock Frequency 5,9 Crystal (CClK-;- = "0") 3 5 MHz 

Driven (CClK-;- = "0") .1 5 MHz 

fCClKO Clock Width 5,9 Driven (CClK-;- = "0") I High 50 ns 

I low 50 ns 

fCClKl Clock Frequency 5 Driven (CClK-;- = "1") 0.5 (Note MHz 
10) 

fCClKl Clock Width 5 Driven (CClK-;- = "1") I High 150 ns 

I low 150 ns 

tCSB CS low to BUSY Driven 4 85 ns 

tcsBHl CS High to BUSY, Hi-l 4 85 ns 

tcssA CS low to BUSY 5 CS, SClK1NT or SClKoo 270 ns 

tSCLKBA SClK High to BUSY 5 Gated SClK 270 ns 

tcclKBD CClK low to BUSY, Deassert 5 160 ns 

tSClK, DO Serial Clock low to DO Valid/Hold 4 190 ns 

tcs, DO CS low to DO Driven 4 85 ns 

tcs, DoHl CS High to DO Hi-l 4 85 ns 

tcs, CClKt CS low Setup Time to CClKt 4 Immediate Conversion Start 0 ns 

tCS,SClK CS low Setup to SClK low for 5 75 ns 
No-Delay Data Transmit 

tCClK,SCLK CClK to SClK Output Delay 5 SClKIN/OUT = "0" 225 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 

Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 

2-38 

O°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 
Typicals are parametric norm at 25°C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from 0.8V to 2.0V, CL = 50pE 
Maximum frequency is 1/tClK1 (high) + teLK1 (low) + rise + fall times, which must be oS 2.5 MHz. 
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DATA 
OUTPUT~ 

ClT 10kl 

DATA 
OUTPUT 

~Okvee 
Cl~ 

OUTPUT 
ENABLE 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

Vee 90% 
50"10 

GND-~-tOH~ 
Vee 

VOL VOL +lOOmV 

ML2221 

tOH I~+-r---­
, 50 "10 ___ ..J 

_---.tHO, I+­
\50"10 
'----

Figure 1. High Impedance Test Circuits and Waveforms 

CCLK(CClK+ - "0") \J\N\J\N 

SUK 

DO 

CClK(CClK+ - "0") 

CClK(CCLK- • "1") 
INTERNAL ClK 

\..L.1....i....I.~.L..LLL~ (L.t....L.LL.J.~~.u '1-___ FIR_ST_D_At_A_BI_T __ ---J ==J,I--'D;;:.:~:::.;A:...:B::..:.IT-I'II///! II 
~ ________ ~.~ __ ~r---

'DAJj\ WILL BE MSB OR lSB FIRST DEPENDING ON "MSB" LOGIC STATE 

figure 2. CS, SCLK Sourced Mode 

N 
/' 

~-------------------~124INTERNAlClKS--------~r--------------------_r--------~t~ 

tsCLI<,OO 

PREVIOUS' FIRST DATA BIT PREVIOUS' LAST DATA BIT 

'DATA WILL BE MSB OR lSB FIRST DEPENDING ON "MSB" LOGIC STATE 

Figure 3. CS, SCLK External Mode 
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CCLK(CCLK~ • "0") 

CCLK(CCLK7 • "1 ") 
INTERNAL CLK 

SCLK ,..--------'Jl htcCLK,SCLK 

_ rtSCLK,DD 

DO -------I\!S ...... ------~A PREVIOUS' FIRST DATA BIT 

CCLK(CCLH • "0") 

CCLK(CCLh· "1") 
INTERNAL CLK 

BUSY 

'DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE. 
SCLKIN/OUT "" "0", CS == "0", BUSY REMAINS "1" 

Figure 4. FREERUN Mode 

SCLK ___________ -II-___ JI 

DO _________ .I.C:....>.._"" 'FIRST DATA BIT 

/VVV\f 

\'--_---Jr~ 

X ~: L 
PREVIOUS' SECOND PREVIOUS' 16TH 

DATA BIT DATA BIT 

'THIRD DATA BIT 

SCLK,NIOUT • 1, CS • 0 ---... -+--- tSCLK, DO 

'DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE 

Figure 5. Gated SCLK Mode 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC AID CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approx!mat!on technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition 
the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming is used. An algorithmic converter uses less 
circuitry and is more easily trimmed. Micro Linear's 
algor!t.hmic converter is implemented using a 2x 
amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 6. 

The input sample is first multiplied by two then 
compared to the reference voltage. If the 2x input 
voltage is greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 
referen~e, the MSB is a 0 and the 2x input voltage is 
stored In the sample and hold. This process repeats 
again, however now the sample and hold voltage is 
multiplied by 2. . 

The algo~ithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the . 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x VIN) - VREF 2: 0 

Step 2 

Step 3 

then MSB = 1 
(2 x VIN) - VREF-S/H 

else MSB = 0 
(2 x VIN)-S/H 

If (2 x S/H) - V REF 2: 0 
then next bit = 1 

(2 x S/H) - VREF-S/H 
else next bit = 0 

(2 x S/H)-S/H 

Repeat Step 2 until conversion complete. 

ML2221 

Since. the. AID converter handles bipolar inputs, 
negative. Inputs are handled slightly differently using the 
same pnnclple. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in 
an algorithmic converter, two critical parameters need 
to be controlled, loop offsets and the gain of the loop. 
Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampl.ing ~mplifier and the 2x amplifier. The gain of the 
loop IS adjusted using self calibration. 

Self calibrating the algorithmic converter, once the 
offsets have been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (VREFIVREF), and 
examining the output code. Converting VREF should 
yield plus full scale, since VREFIVREF should equal 1. If 
the gain of the loop is slightly less than 2, the resulting 
LSB of the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "ls", the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
t~e 2C input capacitors. A small value of capacitance is 
elth.er adde? to or subtracted from the 2C input caps 
until the gain of the loop is within 13-bit accuracy. 

Figure 6. Self Calibrating AID Converter 
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1.1.2 Conversion Times 

The following table iists the conversion times which 
include the sample and hold acquisition time. 

OPERATION MODE INTERNAL CLOCKS' 

CS, SCLK External 124 

CS, SCLK Sourced 124 

FREERUN 110 

Gated SCLK 124 

1.1.3 Sample and Hold Timing 

Figure 8 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks*, regardless of the 
start mode. Six internal clocks after the start of 
conversion the sample and hold is switched into the 
sample mode, placing two 9pF capacitors in parallel 
with the input pins; one on VIN+ and one on VIN-. The 
sample switch is kept in the sample mode for 8 internal 
clocks (3.2p.s at a 5MHz external clock), then placed in 
the hold mode. During the next 2 internal clocks the 
charge on the sample and hold is transferred into the 
AID, after which the VREF pin is sampled for 8 internal 
clocks. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2221 eliminate the 
effects of common mode input noise (60Hz for 
example), as VIN+ and VIN- are sampled at the same 
time. 

* For a description of Internal clocks see Clock section. 

1.2.2 Noise 

The leads to the analog inputs should be kept as short 
as possible to minimize output noise. Noise as well as 
digital clocks can couple into the inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sources. 

1.2.3 Power Supply Decoupling 

Low inductance tantalum capacitors of 1JlF or greater 
and O.OlJlF disc ceramic capacitors are recommended 
for bypassing Vcc as well as Vss to AGND. These 
capacitors should be placed close to the Vcc and Vss 
pins. 

1.3 CONVERTER ClOCK 

The CCLK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loading. (i.e., 
no bypass caps should be used and leads should be 
kept short) 

If driven with external clock and if the CCLK-i- pin is 
tied to Vce the frequency must be between 50KHz to 
2.5MHz with the requirement that clock LOW (tCClKl) 
and clock HIGH (tCClKH) durations must be more than 
150ns. If the CCLK-i- pin is tied to ground then the 
frequency can be from 100Hz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 30 to 70% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.0MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 

11 11113 28129 
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INTERNAL CLOCK 
OR EXTERNAL CLOCK 

CCLK- = "1" 

I I I 
I 1 3 4 5 6 I 7 8 9 10 11 12 13 14 115 

I 
I 

t 
I 
I 

k---SAMPLING INPUT-----I 
START OF CONVERSION 

Figure 7. Sample and Hold Timing 
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1.4 RESET 

The RESET pin has an internal lOOK pullup resistor. 
Power supplies must be stable to within a ±5% 
tolerance before the reset condition is removed. 

The active low hardware reset can be performed by a 
capacitor value (usually >6J.1F) tied to the RESET pin or 
by driving it with the system reset signal. 

1.5 DIGITAL INTERFACE 

All four synchronous interface modes of operation are 
determined by CS during reset period as follows: 

SCLK 

Logic Level of Mode Select 

CS During Reset (SCLKIN/OUT) Serial Interfacle Mode 

0 0 FREERUN 

0 1 Gated SCLK 

1 0 CS, SCLK Sourced 

1 1 CS, SCLK External 

After the reset time, the SCLKIN/OUT pin can be 
changed tc:uwitch between eithe.!:JfREERUN and Gated 
SCLK) or (CS, SCLK Sourced and CS, SCLK External). 

The logic level of CS will not change the mode of 
operation of the ML2221 once the mode of operation is 
programmed during the RESET period. 

a. Serial Transmission < Conversion Time 

Ml2221 

1.5.1 CS, SCLK External Mode 

CS starts a conversion. The SCLK is continuously driven 
into the ML2221 and data from the previous conversion 
is shifted out at the SCLK rate start!IJg at the first SCLK 
falling edge from the CS assertion. CS is normally kept 
low for all 16 bits of data, but can be brought back 
high after the desired number of bits have been shifted 
out. Conversions should be requested every 124 
internal converter clocks. 

It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. At a 5.0MHz clock and CCLK -7- = Ov, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. 

When CS is asserted (LOW) a conversion begins and 
the DO output becomes active. The ML2221 is ready to 
shift out the data serially. 

The BUSY output is in the high im~dance state when 
the ML2221 is not selected. When CS input goes low, 
the BUSY output is driven high or low depending on if 
a conversion is in progress. Once a conversion begins, 
BUSY is held active for 123 internal converter clocks. 

The DO output is high impedance when the ML2221 is 
not selected. When CS input goes low, it is driven with 
the first bit of data initially, and then begins to put out 
all subsequent data bits on each FALLING edges of the 
serial clock (SCLK). Data is always output in 16 bit 
format: if the LSB is output first, the data is sign 
extended after 13 bits; if the MSB is output first, the 
data is zero-filled after 13 bits. DO remains driven as 
long as CS remains low. 

cs ----.t==CONVERSION TlME_k~_----'\,-_______ -,lr ___ \,-_________ _ 

I CONVERSION 1 I I CONVERSION 2 I I CONVERSION 3 I 

BUSY --.I \ I \ I \~ __ _ 

SClK 11111111111111111111111111111111111111111111111111111111111111111111111 

DO - - - JUUUUlJlJlJl- --- - -JlJlJlJ1Jl.JU1J -- ---~ 
XMIT PREVIOUS DATA I XMIT Il'\TA 1 XMIT DAJA 2 

NOTE: CONVERSION TIME EQUALS 124 INTERNAL ClOCK OR CClK'S IF CClK+ = "1" 

Notes: 
1. U~ 10k pulldown resistor on BUSY pin to get "true" convert busy. 
2. If CS is brought high In the mIddle of a serial data transmission, the data transmiSSIon is aborted and the data IS reloaded Into the output shIfter. 

Figure 8. CS, SCLK External Mode 
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1.5.2 CS, SCLK Sourced Mode 

CS starts a conversion. At the end of the conversion 
(123 internal converter clocks after start of conversion), 
the chip outputs 16 bits of data and 16 SClKS at the 
rate of 4 internal converter clocks per bit. Chip select is 
normally held low for the entire conversion and 
transmission sequence, although CS can be brought 
back high during the serial data transmission after the 
desired number of bits have been shifted out. This 
mode always shifts out data from the current 
conversion. 

b. Serial Transmission> Conversion Time 

It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. To send out 16 bits serially, 64 internal 
clocks are needed to complete a transmission. At a 
5.0MHz clock and CClK-T = Ov, the maximum 
conversion rate is 75.2 microseconds or 188 internal 
converter clocks. The maximum frequency for selecting 
the Ml2221 is 18.8KHz. 

When CS is asserted (lOW) a conversion begins and 
the DO output becomes active. The M12221 is ready to 
shift out the data serially after 124 internal clocks. 

~2: 124 INTERNAL CL~ 
cs 0117 IIZIIl \ 0II!1 \'--__ 

Notes: 

CONVERSION 1 CONVERSION 2 CONVERSION 3 

BUSY 

SCLK 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

DO - - -JUUUlI1fUlIL - - - - - - -JUUlIUlIlf1lL - - - - - - --JUUlIUlIlf1lL - - - - - - -JlJ1fUUlJlfl 
XMIT 
PREVIOUS 
DATA I XMIT IlQ)\ 1 I I XMIT DA.TA 2 I 

1. U~ 10K pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 
2. If CS IS brought HIGH in the middle of a serial data transmIssion, the data transmiSSIon is aborted and the data is reloaded into the output 
~~ . 

Figure 8. CS, SCLK External Mode 

r .... f----->'188------Ih~ 
cs~ ______ -----, ~~/,..---. -

CONV CD 1'13 I 

BUSY ----1 I. 

SCLK 1111111111111111 1111111111111111 

00 $/1/11 /////1IJI/IJ/1rurnu --;;;-1~-;;;~~-- _ -~-;1;;-;~~;-2-
JUNK 00, DO:! 

XMIT DATA 1 XMIT DATA 2 

'NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK+ - "1" 

Notes: 
1. U~10K pulldown resIstor on BUSY pm to get "TRUE" convert BUSY status. 
2. If CS is brought HIGH In the middle of a serial data transmission, the data transmiSSIon IS aborted and the data is reloaded into the output 

shifter. 

Figure 9. CS, SCLK Sourced Mode 
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1.5.3 FREERUN Mode 

The FREERUN mode executes continuous back-to-back 
conversions at the rate of 110 internal converter clocks 
per conversion, and outputs 16 bits of data and 16 
corresponding SCLKS at the rate of 4 internal converter 
clocks per bit. The ML2221 immediately begins 
converting after reset and starts outputting data after 
the first conversion. A conversion rate of 44 
microseconds is achieved using the maximum SCLK 
frequency. 

In the FREERUN mode, BUSY is always asserted, since 
the AID converter is continuously busy. In the FREERUN 
mode an external shifter or FIFO can be used to store 
data on the fly and no SCLK input is required. 

1.5.4 Gated SCLK Mode 

In the Gated SCLK mode a burst of 16 clocks at the 
SCLK input is used to simultaneously shift 16 bits of 
data out from the previous conversion and start a 

RESET ~ 
*110 CD 0 

CONVERSION 

BUSY ~ 
1--1 

'13 

CD 

ML2221 

conversion at the first of the 16 SCLKS. Req uests for 
conversions should be held off for at least 1 conversion 
time (124 internal converter clocks) after the reset 
condition is removed. This is to allow the chip to 
execute one conversion immediately after reset. 

In order to maintain proper timing 16 clocks must 
always be given. Conversion requests should be made 
once every 124 internal converter clocks. 

A conversion begins at the reception of the first SCLK. 
It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. At a 5.0MHz clock and BYPASS = Ov, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. Conversion requests should 
not be made more often than this number. 

The BUSY output never floats and is asserted at the first 
SCLK and deasserted after 123 internal converter clocks. 
BUSY is held active for 123 internal converter clocks. 
DO is always driven. 

0 ® ® 

SCLKIOUT) 
1111111111111111 1111111111111111 1111111111111111 1111111111111111 1111111111111111 

DO 

'NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK.;- • "1" 

Note: DO is always driven. 

Figure 10. FREERUN Mode 

a. Serial Data Transmis'iion < Conversion Time 

RESET / 
___ -J '110 CD '13 

~------~~-+I~ CONVERSION 
*110 CD '13 

I 

BUSY LJ L 
1 2 15 16 1 2 15 16 

SCLK ____ fUU1JL~~ 

DO //// //I'III!J/!j II!//$ //1 
DO 01 02 015 016 DO 01 02 015 016 --ruumr PZZiJ -- - f1JIJlJrTrV!"T"7""l71%~7/ 

DATA 0 
'NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLh • "1" 

Note: Time from first SClKl to seventeenth SClKl must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 
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1.6 DATA FORMAT 

The MSB pin determines if the MSB or LSB data is 
transmitted first and in the following format. If more 
than 13 SCLK's occur. 

MSB = 1 

MSB = 0 

FIRST . LAST 

[ S [11 [10 [ 9 [ 8 [ 7 [ 6 [ 5 [ 4 [ 3 [ 2 [1 [0 [ [ [ [ 

ZERO Fill 

FIRST LAST 

[ 0 [ 1 [2 [ 3 [ 4 [ 5 [ 6 [ 7 [ 8 [ 9 [10 [11 [ S [ S [ S [ S [ 

SIGN 
EXTEND 

b. Serial Data Transm&l;ion > Conversion Time 

CONVERSION CD 
BUSY LJ 

1 2 

SCLK n n n 
______ ---.-JI U U ~ 

00 !II/ !III //II)! II /IffilJ 00 n:r 

® 

13 14 15 16 

012 013 014 015 DO 01 02 03 04 

L-__________________________ ~I~I ____________________ ~ 

XMIT DATA CD XMIT OATA® 

Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SClK Mode 
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APPLICATIONS 

START MNEMONIC INSTRUCTION 

START BCLRn Bit 0 Port C goes low (CS goes low) 

LDA Load contents of SPI data register into 
Ace. (DOUT MSBs) 

csl--- co STA Start next SPI cycle 
SClK ~ SCK 

AND Clear 3 MSBs of first DOUT word 

STA Store in memory location A (MSBs) 
ML2221 68HC05C4 TST Test status of SPIF 

MSB U BPL Loop to previous instruction if not 
done with transfer 

00 r-------+ MISO 
-

BSETn Set BO of Port C (CS goes high) 

LDA Load contents of SPI data register into 
Ace. (DOUT LSBs) 

STA Store in memory location A + 1 (LSBs) 

cs~~ ______________________________ ~/ 

SClK 

00 __ _ 

WORD 
RECEIVED 

RAM 
STORE 

I B121 B121 B121 B121 Bll I Bl0 I B9 I B81 

BYTE 1 

TRANSFER 
~I 

LOCATION A LOCATION A + 1 

Figure 12. Interfacing to 68HC05C4 with a Dedicated Serial Port 

-5V TO +5V INPUT 
REFERENCED 0---------1 V,N+ 

TO AGND VIN-

ML2221 

AGNO 

CClK +5V 

ML2221 
SClK,N/OUT 

MODE 0 

8051 

RXO/P3.0 

TXO/P3.1 

P3.2 

Figure 13. Adjusting Zero Error Figure 14. 1 Mbps 8051 Interface 
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-5V 10 +5V 
ANAlOG 

INPUT DO 

SUK 
MSB 

SCLK'N/OUT 

+5V 

2.2K 

1/2 
DS8830 

8088 

ML2221. 

Il<\TA I\r-----...J 

ADDRESS 
DECODER 

Figure 15. Optical Isolated 8088 Interface 

ORDERING INFORMATION 

LINEARITY TOTAL TEMPERATURE 
PARr NUMBER ERROR UNADJUSTED ERROR RANGE PACKAGE 

Ml2221BCP ±lilt lSB ±1Y2 O°C to +70°C MOlDED DIP 
Ml2221BIJ -40°C to +85°C HERMETIC DIP 
Ml2221CCP ±1 lSB ±2Y2 O°C to +70°C MOLDED DIP 
Ml2221CIJ -40°C to +85°C HERMETIC DIP 
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'Micro Linear 
December 1989 

PRELIMINARY 

ML2222 

Serial, COOEC/OSP Interface 
12-Bit Plus Sign AID Converter with S I H 

GENERAL DESCRIPTION 
The ML2222 is a member of Micro Linear's 12-bit plus 
sign CMOS AID converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to­
digital converter's accuracy specification. 

These AID converters have a maximum nonlinearity 
error over temperature of ±0.012% or ±0.024% of full 
scale. 

The CODEC serial interface is compatible with the 
communication industry standard protocol of PCM 
(Pulse Code Modulation). The ML2222 upon receiving 
the transmit frame synchronization pulse (FSX), shifts 16 
bits of data. 

The transmit clock may vary from 64 KHz to 2.048 MHz. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 

BLOCK DIAGRAM 

vss BYPASS CCLK Vee Vee 

I I I 

FEATURES 
• Standard communication industry protocol for 

timing and frame sync 
• Transmit clock from 64 KHz to 2.048 MHz 
• Nonlinearity error ±Y2 LSB and ±1 LSB max 
• Conversion time 

(including SIH acquisition) 
• Harmonic distortion 
• No missing codes 

31.Sps max 
0.01% 

• Self calibrating - maintains accuracy over time 
and temperature 

• Inputs withstand I?VI beyond supplies 
• Bipolar -2.5V to +2.SV analog input range 
• O°C to +70°C, -40°C to +8SoC temperature range 
• 16-pin DIP 

PIN CONNEOION 
16-Pin DIP 

ACND 

vee 

,-------0 BCLK VREF CCLK 

VIN+ 

SELF-CALIBRArING TSX 
12-BIT + SIGN AID FSX 

AND 
SAMPLE AND HOLD FUNCTION 

VIN- MSB 

OX 

1 1 
AGND RESET DGND 

'Micro Linear 

vss 

vee 

BCLK 

BYPASS 

RESET 

MSB 

FSX 

OX TSX 
'--_-r 

TOP VIEW 
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'Micro Linear 
December 1989 

PRELIMINARY 

ML2223 

Asynchronous Serial Interface 
12-Bit Plus Sign AID Converter with S/H 

GENERAL DESCRIPTION 
The Ml2223 is a member of Micro linear's 12-bit plus 
sign CMOS AID converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to­
digital converter's accuracy specification. 

These AID converters have a maximum nonlinearity 
error over temperature of ±0.012% or ±0.024% of full 
scale. 

For easy interface to microprocessors, the Ml2223 is 
designed to transmit data into RS-232 type ports. 

The Ml2223 operates in two asynchronous modes of 
operation. In one mode, the AID continuously 
transmits 2 bytes in a 24-bit stream, inserting 8 idle bits 
between transmissions. The second mode of operation 
utilizes chip select to start a conversion or transmit the 
previous conversion result in the 24-bit stream data 
format. If the CURR input pin is tied high, transmission 
begins immediately upon receiving a conversion start 
request. When CURR is low, transmission is started 
after a new conversion is complete. 

The serial data dock can be generated by the Ml2223 
or it can be provided by an external source. 

The serial interface provides lSB first data with 2's 
complement output coding. 

BLOCK DIAGRAM 

1 

VREF Vss BYPASS CClK Vee 

r 1~1 

SELF·CALIBRATING 
12-BIT + SIGN AID 

AND 
SAMPLE AND HOLD FUNCTION 

UNIVERSAL 
ASYNCHRONOUS 

TRANSMIT 
CONTROL 

AND 
TIMING 

1 
AGND RESET DGND 

FEATURES 
• RS-232 compatible asynchronous interface 
• One- or two-wire data transmission 
• Continuous or on-command conversions 
• Nonlinearity error ±V2 lSB and ±1 lSB max 
• Conversion time 

(including SIH acquisition) 35.5J1s max 
• Bipolar -5V to +5V analog input range with ±5V 

power supplies 
• Harmonic distortion 0.01% 
• No missing codes 
• Self calibrating - maintains accuracy over time 

and temperature 
• Inputs withstand 17V1 beyond supplies 
• O°C to +70°C, -40°C to +85°C temperature range 
• Standard .3" 16-pin DIP 

PIN CONNEOION 
16-Pin DIP 

INSCLK CClK 

SClK 

BUSY 

CURR 

Dour 

BYPASS 

RESET 

CURR 

Cs 

Dour BUSY 
'-----' 
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'Micro Linear 
October 1990 
PRELIMINARY 

ML2230 
p,P Compatible 12-Bit Plus Sign AID Converter 

with Sample and Hold 

GENERAL DESCRIPTION 
The ML2230 is a member of Micro Linear's 12-bit plus sign 
CMOS AID converter family utilizing a self calibrating 
algorithmic technique. The sample-and-hold, incorpo­
rated on the ML2230, has a differential input for noise 
immunity and power supply rejection. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

The ML2230B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2230C 
and ML2230D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to an 8-bit microprocessor bus with­
out additional components, the ML2230 outputs the 13-bit 
data result in two 8-bit bytes. Data format is 2's comple­
ment. All digital signals are fully TTL and CMOS 
compatible. 

For interfacing to a 16-bit microprocessor bus the ML2233 
provides a 13-bit data resu It. 

BLOCK DIAGRAM 

DVCC DGND 

r r 
~------------~ r--~ 

12-BIT + SIGN AID 
ANO 

SAMPLE ANO HOLD FUNCTION 

b b 
AVec Vss AGND 

00 
01 

02 
D3 
04 
05 
D6 

07 

AO 
A1 

CS 
WI! 
iID 
OAV 

CLK 
'----+0 SYNC 

FEATURES 
• Resolution 12-bits + sign 
• Conversion time 

(inciudingS/H acquisition) 31.5/ts max 
• Sample and hold acquisition 2.3/ts max 
• Non-linearity error ±3.4LSB and ±1LSB max 
• Low harmonic distortion 0.01 % 
• No missing codes 
• Self calibrating-maintains accuracy over time and 

temperature 
• Inputs withstand 17Vl beyond supplies 
• Data transfer options-interrupt, DMA, or polling 
• Outputs data in two 8-bit bytes 
• Standard 24-pin DIP 

PIN CONNECTIONS 

Ml2230 
24-PIN DIP 

AGND AVec 

VIN+ CLK 

VIN- WR 

VREF iili 

Vss CS 
OAV AO 

SYNC A1 

DO 07 

01 O. 

D2 DGND 

OJ 05 

DVcc D4 

TOPVIEW 
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PIN DESCRIPTION 
DIP PCC NAME FUNCTION 

AGND A(1alog ground. 
2 2 VIN+ Positive differential analog input; 

range-VSS:5VIN+ :5 AVcc, 
I(VIN+) - (VIN -)1 :5VREF· 

3 3 VIN- Negative differential analog input; 
range-VSS:5VIN- :5 AVcc 
I(VIN +) - (VIN -)1 :5VREF· 

4 4 VREF Voltage reference input; refer-
enced to analog ground. 

5 5 Vss Negative power supply; decouple 
toAGND. 

6 8 DAV Data available; indicates a con-
version has completed and data is 
available or calibration complet-
ed. 

7 .9 SYNC In the slave mode, SYNC is a posi-
tive edge triggered input used to 
start a conversion. In master 
mode, SYNC is an output and 
indicates a conversion has oc-
curred. 

8 10 DO Bidirectional data bit. 

9 11 01 Bidirectional data bit. 

10 13 02 Bidirectional data bit. 
11 14 03 Bidirectional data bit. 
12 15 DVcc Digital power supply. Tie to AVec 

from same power supply. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltages (AVce and DVed ..................... 6.0V 
Negative Supply Voltage (Vss) ....................... -6.0V 
Voltage at Analog 

inputs ............................. Vss -7V to AVec + 7V 
VoltageatVREF •••••....• ·•· ..•••.• ··• Vss -7VtoAVee +7V 
Input Current per Digital Pin ....................... ± lOmA 
Input Current at Analog Inputs ...................... ±20mA 
Storage Temperature Range ............... - 65°C to + 150°C 
Package Dissipation @ 25°C ....................... 875mW 
Lead Temperature soldering, 

Dual-in-Line Package (Ceramic) ..................... 300°C 

DIP PCC NAME FUNCTION 
13 16 04 Bidirectional data bit. 
14 17 05 Bidi rectional data bit. 
15 18, 19 DGND Digital ground. 
16 20 06 Bidirectional data bit. 
17 21 D7 Bidirectional data bit. 
18 22 Al Address for the microprocessor 

interface to access anyone 'of the 
four registers. 

19 23 AO Add ress for the microprocessor 
interface to access anyone of the 
four registers. 

20 24 CS Chip select; enables writing to or 
reading from. 

21 25 RD Read; enables Ml2230 to drive 
data bus. 

22 26 WR Write; allows writing into the reg-
isters. 

23 27 ClK Clock input. Drive with an ex-
ternal clock or crystal referenced 
to DGND. The crystal must be 
parallel resonant with minimum 
capacitive loading. (i.e., no 
bypass caps sllould be used and 
leads should be kept short.) 

24 28 AVec Positive analog power supply. De-
coupletoAGND. Tie to DVcc 
from same power supply. 

OPERATING CONDITIONS (Note 2) 

Temperature Range .............................. O°C to 700 e 
Supply Voltage (AVcc and DVed .......... 4.5Voc to 6.0Voc 
Negative Supply Voltage (Vss) ........... -4.5Voc to -6.0Voc 
Reference Voltage (VREF) ............................... 2.60V 
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ELEORICAL CHARAOERISTICS 
The following specifications apply for Vee = +SV ± S%, Vss = -SV ± S%, VREF = +4.7SY, VIN- = AGND, 
VIN+ = --4.7SV to +4.7SY, T A = T MIN to T MAX unless otherwise specified. 

PARAMETER CONDITIONS 

Converter Characteristics 

linearity Error 
ML2230BXX 4 fCCLK = 0.1 :S 7MHz ±3,4 
ML2230CXX fCCLK = 0.1 :S 7MHz ±1 
ML2230DXX fCCLK = 0.1 :S 5MHz ±1 

Unadjusted Zero Error 
ML2230BXX 4 ±3,4 
ML2230CXX ±2 
ML2230DXX ±2 

Unadjusted Positive and Negative 5 ±4 
Full Scale Error 

Zero Error Temperature Coefficient 0.5 

Gain Temperature Coefficient 10 

Common-Mode Rejection 5,6 80 

Analog Input Source Resistance 5 2 

Analog Input Range 4 VIN+ Refer to VIW -VREF +VREF 

Analog I n put Leakage Cu rrent 4 100 

Voltage Reference Input 5 0.5 
Source Impedance 

Reference Input Leakage Current 4 100 

Digital and DC Characteristics 

Power Supply Current 
Aleo Analog Vee 4 30 50 
Dleo Digital Vee 10 
ISs, Vss 18 30 

Power Supply Rejection 7 
AVcc DC 80 

DC to 25kHz 50 
Vss DC 80 

DC to 25kHz 50 

VILeLiv Clock Input Low Voltage 4 0.8 

VIHCLIV Clock Input High Voltage 4 3.5 AVec 

1L1' Input Leakage Current (CLK) 4 !\eND :S VIN:S AVec ±200 /1A 

VII.' Input Low Voltage 4 0.8 

VIH' Input High Voltage 4 2.0 DVee 

V Ou Output Low Voltage 4 IOL = 2.0mA 0.45 

VOH, Output High Voltage 4 IOH = -400/1A 2.4 

lu Input Leakage Current (except CLK) 4 AGND :S VIN :S AVce ±10 

IHI.Z, Output Leakage Current (DO-D7) 4 RD = CS = VIH ±10 

CI, Input Capacitance (all digital inputs) 10 

Co, Output Capacitance 10 
(outputs DO to D7, and DAV) 

'-Micro Linear 

UNITS 

LSB 
LSB 
LSB 

LSB 
LSB 
LSB 

LSB 

ppm/oC 

ppm/oC 

dB 

ill 

V 

nA 

kO 

nA 

mA 
/1A 
mA 

dB 
dB 
dB 
dB 

V 

V 

V 

V 

V 

V 

/1A 

/1A 

pF 

pF 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOl PARAMETER CONDITIONS UNITS 

AC Electrical Characteristics (Note 8) 

tc 

fClKO 

tClKO 

fClK1 

tClK1 

tAD 

tAR 

tRA 

tRR 

tRo 

t1Z, toz 

tRV 

tROCK 

tAW 

tWA 

tww 

tow 

two 

tWRCK 

tCKOAV 

tSVNCCK 

tSYNCN 

tCKSYNC 

tSVNCO 

tWROAV 

tRooAV 

t" tf 

Note 1: 

Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 
Note 10: 
Note 11: 
Note 12: 
Note 13: 

Note 14: 
Note 15: 

2-54 

Conversion Time 4,9 CLK Mode = 0 fClK = 7.0MHz 31.5 IJS 
fClK = 5.0MHz 44.0 IJS 

Sample and Hold Acquisition 4,9 CLK Mode = 0 fClK = 7.0MHz 2.3 /lS 
fClK = 5.0MHz 3.2 /lS 

Clock Frequency 5,9 Crystal (CLK Mode = 0) 3 7 MHz 
Driven (CLK = Mode 0) 1 7 MHz 

Clock Width 5,9 Driven High 50 ns 
(CLK Mode = 0) Low 50 ns 

Clock Frequency 5, 10 Driven (CLk Mode = 1) 0.5 (Note 11) MHz 

Clock Width 5,10 Driven High 125 ns 
(CLK Mode = 1) Low 125 ns 

Address Stable to Valid Data 4 150 ns 

Address Stable Before Read 4 0 ns 

Address Hold After Read 4 0 ns 

Read Pulse Width 5 150 ns 

Read Access 4 150 ns 

Data Read to Hi-Z 4 0 50 ns 

Recovery Between Two Reads 5 250 ns 
or Writes 

Read to Clock Setup Time 5,12 40 ns 

Address Stable Before Write 4 0 ns 

Address Hold After Write 4 0 ns 

Write Pulse Width 4 150 ns 
Data Setup Before Write Trailing Edge 4 100 ns 

Data Hold After Write Trailing Edge 4 0 ns 

Write to Clock Setup Time 5,12 40 ns 

Clock to DAV Assert 4, 13 Cl = 50pF 120 220 ns 

SYNC Input to Clock Setup 5,12 40 ns 

SYNC Input Width 5 (CLK Mode = 0) 6 1/fclKO 
(CLk Mode = 1) 3 1/fClKi 

External Clock to SYNC Output Delay 5,13 Cl = 50pF 150 200 ns 

SYNC Output Pulse Width 5, 13 (CLK Mode = 0) 8 1/fclKO 
(CLK Mode = 1) 4 1/fclK1 

Write Reg2 to DAV Rising Edge 4,14 Cl = 50pF 170 ns 

Read RegO to DAV Rising Edge 4,15 Cl = 50pF 170 ns 

Rise and Fall All Inputs 25 ns 

Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions. 
Typicals are parametric norm at 25°C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from O.BV to 2.0\!, Cl = 100pF. 
CK1X bit in control register = o. 
CK1X bit in control register = 1. 
Maximum frequency is 1/tCll<.1 (high) + tClK1 (low) + rise + fall times and oS 3.5MHz. 
Setup time required for synChronous start of conversion. 
In ClK mode = 0 (CK1X bit in control register = 0) start of conversion will occur at speCified time; or time plus one fClKO period (see 
Figure 5). __ 
Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output. 
In start mode = 1, a read from location 110" will start the next conversion and de-assert the DAV output. 
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TIMING DIAGRAMS 
~ lAD " - tRA 1"-

AO,AI,es ) l( 
-4---tAR -----. IRR "I 

J 
~ IRV • ~tRD--' - l...-t1Z l toz 

DATA BUS HIGHI ) VALID HIGHI 

Figure 1. Read Cycle 

AO,AI,es 

DATA BUS INVALID 

1-----IRV----l.~1 I .... o------\ww-----.... I 

Figure 2. Write Cycle • 
CtK, MODE - I 

4 
I ~ \ / 

tlCKDAV 

;=".d \ 

CtK, MODE - 0 

DAV 

4 
/ \ 

\ / \ 
tlCKDAV 

1 {-
\ / / 

ClK, MODE-I 

ClK, MODE - 0 

FIRST BYTE SECOND BYTE 

DAV IS SET AND CtEARED BY INTERNAL CIRCUITRY. 
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THISOPERATION. 

Figure 3. Data Available 

CtK,MODE-I 4 C:d C 
CtK, MODE' 0 

SYNC OUT ------f~ .~ :rr'-
Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 

CLK 

START OF CONVERSION 
(NOTE 2) ,-----.. 

(NOTE 1) ___ -'I 

START OF CONVERSION 
(NOTE 3) 

1,-----.. 

~ 

---'--__ '~---+I ~--~+--------tSYNCN---, ---I' 
WI! 

(START MODE 0) 

iID 
(START MODE 1) 

NOTES: 
1. CLK IS THE CLOCK DRIVEN ATTHE CLOCK PIN. 

TO 

2. IN CLKMODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 
3. IN CLOCK MODE 0, WILL OCCUR EITHER AT TO OR 11 IF SETUP TIMES ARE MH. 

I 
11 

Figure 5. Start of Conversion (Start Mode 0,1,3) 

BLOCK DIAGRAM 

CLK 

VIN+ 

VIN-

VREF 

AGND 

VSS 

AVec 

2-56 

DATACLK 

DATA 

START 

BUSY START 
LOGIC 

EOC 

2 SMDE 
CK1X 

DOCAL 

CONTROL 
REGISTER 

ADRDY 

SC 

Figure 6. Block Schematic Diagram 
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FU NCTIONAl DESCRI PIlON 

ALGORITHMIC AID CONVERTER 
Micro Linear's algorithmic converter uses a successive 
approximation technique. Most oftoday's successive 
approximation converters use a DAC to feedback the ap­
proximated signal, however this technique requires more 
circuitry than algorithmic converters. In addition the val­
ues of all of the resistors or capacitors in the DAC must be 
matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference volt­
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. If the 2x input voltage is 
less than the reference, the MSB is a 0 and the 2x input 
voltage is stored in the sample and hold. This process re­
peats again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x VIN) - VREF ;::: 0 

Step 2 

Step 3 

then MSB = 1 
(2 x VIN) - VREF-S/H 

else MSB = 0 
(2 x VIN)-S/H 

If (2 x S/H) - VREF ;::: 0 
then next bit = 1 

(2 x S/H) - VREF-S/H 
else next bit = 0 

(2 x S/H)-S/H 

Repeat Step 2 until conversion complete. 

Since the AID converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 

ML2230 

Figure 7. Self Calibrating AID Converter 

SELF CALIBRATION 
In orderto maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled be­
fore each conversion using auto-zeroi.ng circuitry on both 
the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (VREFNREF), and examining the output code. 
Converting VREF should yield plus full scale, since VREF/ 
VREF should equal 1. If the gain of the loop is slightly less 
than 2, the resu Iting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13 bit accuracy of 2. 
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FUNCTIONAL DESCRIPTION (Continued) 

CONVERSION TIMES 
The following table lists the conversion times which in­
clude the sample and hold acquisition time. For a CAlRD 
and CAlWR no AID conversion actually takes place. 

OPERATION 
8 bit AID 
13 bit AID 
CALWR 
CALRD 

#OF INTERNAL CLOCKS· 
80 
110 
52 
80 

SAMPLE AND HOLD TIMING 
Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of Conver­
sion" and the input channel going into sample mode is 
fixed at 6 internal clocks·, regardless ofthe Start Mode. Six 
internal clocks after the Start of Conversion the Sample 
and Hold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins;,one on 
VIN + and one on VIN -. The sample switch is kept in the 
sample mode for 8 internal clocks (2.3I's at a 7MHz ex­
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the ND, after which the VREF pin is sam-
pled for 8 internal clocks. ' 

Figure 8 also illustrates the timing of the SYNC pin in Mas­
ter Mode during a conversion (M/S-1 Control High Byte 
register) and Start Mode 0, 1, or 2. SYNC is activated one 
internal clock cycle after the Start of Conversion and ,lasts 
for four internal clocks. 

"For a description of Internal clocks see Clock section. 

EXTERNAL 
CLOCK 

(CLKMOOEO) 

INTERNAL 
CLOCK 

OR (CLK MODE 1) 

ANALOG INPUTS 
DIFFERENTIAL INPUTS AND COMMON MODE 
REJECTION ' 
The differential inputs of the Ml2230 eliminate the effects 
of common mode input noise (60Hz for example), as 
VIN + and VIN - are sampled at the same time. 

NOISE 
The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

POWER SUPPLY DECOUPLING 
low inductance tantalum capacitors of 11'F or greater 
and 0.D1,/LF disc ceramic capacitors are recommended for 
bypassing AVcc as well as Vss to AGND. These capacitors 
should be placed close to the AVcc and Vss pins. 

MICROPROCESSOR I NTE RFACE 
There are four 8 bit directly addressable registers; two 
Data Buffer registers, and two Control registers. The data 
buffer registers provide the conversion results. The data 
registers are double buffered, allowing one result to be 
read while the next sample is being converted. The data 
registers also allow access to the algorithmic converter's 
calibration code. Normally the Ml2230 is operated with­
out ever accessing these registers. (Refer to Diagnositcs for 
more information). The two Control registers provide com­
plete control and status information. The four registers are 
addressed by pins AD and A 1. 

I 
I 

I I I 
I 
I 

I I 
I I 
I I I I 

SYNC PIN I 
(MASTER MODE) ---+f---i 

114.---sAMPLING INPUT----.I !.--SAMPLING REFERENCE---i 

START OF CONVERSION 

Figure 8. Sample and Hold Timing 
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FUNCTIONAL DESCRIPTION (Continued) 

All data is returned from the converter in sixteen bit two's 
complement format, right hand justified, with the sign bit 
extended across the most significant bits. 

Cycle 
13 
8 

+Max 
OFFF 
007F 

-Min 
FOOO 
FF80 

REGISTER DESCRIPTION 
Register O-Data Buffer Low Byte: 

Zero 
0000 
0000 

Register 0 contains the low byte result of the latest conver­
sion when read. Depending on the Start Mode selected, 
reading or writing to this register may start the next 
conversion. 

Register l-Data Buffer High Byte: 
Register 1 contains the high byte result of the latest conver­
sion when read. 

Register 2-CONTROL Register Low Byte: 

Bit 0 (DAV status when READ/DAVACK acknowledge 
when a ONE is written): 
Reading DAV = 1 indicates that new data is available or a 
calibration is complete. If both data bytes have been read, 
DAV will be cleared automatically. This bit can be explic­
itly acknowledged by writing a ONE to it; writing a zero 
has no effect. The DAV output pin always reflects the 
DAV status bit. 

ML2230 

Bit 1 (BUSY status when READ/RESET when a ONE is 
written): 
Reading BUSY = 1 indicates that a conversion or calibra­
tion is in progress. Writing a ONE will force a chip reset. 
Writing a zero has no effect. 

RESET Default Conditions: 

Both Control registers will automatically be cleared. Both 
Data Buffer registers will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the DAVB 
output is inactivated (high). The SYNC pin is forced to be 
an input as a result of clearing the MIS bit in the Control 
High Byte register. 

Bit 2 (ADRDY status when READIDOCAL request when a 
ONE is written): 
Reading ADRDY =0 indicates that the converter has not 
been calibrated since the last reset, and ADRDY = 1 in­
dicates that it has been calibrated since the last reset. Writ­
ing a ONE will force the converter to do a calibration; writ­
ing a zero has no effect. 

Bit 3 (SC: Short cycle select): 
Selects 8 or 13 bit conversions. 

SC = 0: 13-bit conversion (defau It) 
SC = 1 : 8-bit conversion (short cycle) 

READ ADDRESS 
Al AO 

WRITE 

DATA BUFFER LOWBYTE I D7 D6 D5 D4 D3 D2 Dl DO 00 L-._;:CA..;:L;:CO:.:;DE:....:.;,HO:.::LD:..;;IN,;;G:.L::O:..;,W..::B:..;,YT..::E:..;,R;:,EG:,I:,ST:..;E;:,R_-Jl ~:~~TD~~~'ci~'ON 

DATABUFFERHIGHBYTE I D15 D14 D13 D12 Dl1 Dl0 D9 D8 I 01 CALCODE HOLDING HIGH BYTE REGISTER 

CONTROL LOWBYTE 
~ __ ~~~-L~~~~~~ 

00: START IF REGO IS WRITTEN 
01: START IF REGOlllS READ 
10: CONTINUOUS CONVERSIONS 

AFTER REG 0 IS WRITTEN 
11: START IF SYNC GOES HIGH 

SHORTCYCLE 0 = 13-BIT, 1 = 8-BIT 

10 

WRITING 1 
ACKNOWLEDGE DAV 

WRITING 1 REQUEST A CALIBRATION 

SHORT CYCLE 
CHIP CALIBRATED STATUS 

START MODES 

CONTROL HIGH BYTE 

CONV BUSY STATUS 

DAVSTATUS 

11 

6 3 

o 0 I 
~~~~~~~~~~--~ 

LNORMAL AID CONVERSION 

0: fCLK = 0 DIVIDED BY 2 INTERNALLY (DEFAULT) MAXIMUM INPUT CLOCK FREQUENCY IS 8MHz 
1: fell(: "" 1 MAXIMUM I N PUT CLOCK FREQU E NCY IS 4 MHz 

0: HIGH BYTE IS READ FIRSTTHEN LOW BYTE 
1: LOW BYTE IS READ FIRST THEN HIGH BYTE 

0: NON DMA MODE. REGoo HAS LOW BYTE, REGOI HAS HIGH BYTE (DEFAULT) 
1: DMA MODE. READ REGoo TWICE TO GET BOTH BYTES 

'Figure 9. Register Description 
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FU NCTIONAL DEseRI PTiON (Continued) 

Note: For 8-bit conversions in non-DMA mode, only one 
byte needs to be read. This can be accomplished by set­
ting lIH=O, DMA-O and reading the Data Low Byte 
register. In DMA mode both bytes need to be read. 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 
00 

01 

10 

11 

Start Conversion upon writing to register 0 
(default) 
Start Conversion upon reading register 0 if 
UH -0, or Start Conversion upon reading reg­
ister 1 if UH = 1. In DMA mode both bytes 
need to be read. The second byte read will 
Start Conversion. 
Start Continuous Conversions upon writing to 
register O. 
Start on external SYNC input going high (Re­
quires Slave mode: M/S=O) 

Bits 7,6 (reserved): 
These bits are reserved by Micro Linear and must be writ­
ten as zero. 

Register 3 (Control Register High Byte): 

Bits 2,1,0 (TMDE: test mode select bits) 

These bits are used for diagnostic purposes only and nor­
mally not accessed during operation. The default value of 
TMDE is 000 which selects a normal A/D conversion. See 
Diagnostics for more information. 

TMDE Description 
000 Normal ND Conversion 
001 Reserved by Micro Linear (Do Not Use) 
010 CALWROperation 
011 CALRD Operation 
100 System Offset 
101 Common-mode 
110 Plus Full Scale 
111 Minus Full Scale 

Bit 3 (M/S: Master/Slave bit): 

Dictates whether the SYNC pin is an input or an output. 
Upon RESET, this bit is cleared. 

M/S=O: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE-ll. 

M/S -1: Master Mode SYNC is an output. At the begin­
ning of every conversion, SYNC 
is high for 4 internal clocks. 

Bit 4 (CKl X: clock select bit): 

Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section for 
a detailed explanation. 

CK 1 X - 0: the external clock is divided by 
two and used as the internal 
clock. This is referred to as CLK 
Mode-D. 

CKl X -1: the external clock input is used 
di rectly as the internal clock. 
This is referred to as CLK 
Mode-1. 

Bit 5 (lIH: Low Byte/High Byte): 

In non-DMA mode the UH bit defines whether DAYB is 
deactivated by reading the Data Low Byte or Data High 
Byte. In DMA mode, the lIH bit defines the order in which 
the Low/High Data Bytes are presented to the data bus. 
DMA mode automatically deactivates DAYB after both 
bytes are read. 

*non-DMA mode: DMA=O 

lIH=O: 

UH=l: 

• DMA mode: DMA-l 

lIH-O: 

UH=l: 

reading register 0 (Low Byte) 
will de-assert DAYB 
reading register 1 (High Byte) 
will de-assert DAYB 

the first read is the Data High 
Byte, and the second read is the 
Data Low Byte, then DAYB out­
put is de-asserted 

the first read is the Data Low 
Byte, and the second read is the 
Data High Byte, then DAYB out­
put is de-asserted 

Bit 6 (DMA: DMA mode bit): 

This bit allows both high and low bytes from the 13 bit 
conversion to be read from one address; either Data Buffer 
Low Byte or Data Buffer High Byte registers. 

DMA - 0: The high byte of the conversion 
will always be read from the 
Data Buffer High Byte register 
and the low byte of the conver­
sion will always be read from 
the Data Buffer Low Byte 
Register. 

DMA = 1: Both high and low bytes of the 
conversion can be read from ei­
ther the Data Buffer High or 
Low Byte Registers. A DMA 
controller, microprocessor, or 
other I/O device can use a sin­
gle I/O address to read both the 
low and high bytes of the con­
version. The order in which the 
high and low data bytes are pre­
sented is defined by the lIH 
control bit. 

Note: This feature is not restricted to DMA controllers. It is 
an I/O option which may be used by a DMA controller, 
microprocessor, or any other type of I/O device. 

Bit 7 (Reserved byMicro Linear) 

This bit is not used. When written use zero. 
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FUNCTIONAL DESCRIPTION (Continued) 

GENERAL OPERATING INFORMATION 
CONVERSION-START PROTOCOL 
There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control low Byte 
Register. 

SMDE 
Bits 5,4 

00: 

01: 

10: 

A write to register 0 will start a conversion. During 
a conversion, if another write is issued to register 
0, the "Start Conversion" command will be 
latched and another conversion will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in­
ternal clocks after the first write. Only one addi­
tional write will be latched; multiple writes within 
a conversion will only yield one more conversion. 

Reading the data from the previous conversion 
starts the next conversion. Start Conversion upon 
reading register 0 if LlH =0, or Start Conversion 
upon reading register 1 if LlH = 1. In DMA mode 
both bytes need to be read. The second byte read 
will Start the Conversion. 

This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 0 
will start the first conversion; thereafter the con­
verter runs continuously. This mode yields the 
maximum conversion rate. 

11: The Sync input triggers the start of a conversion. 
The MIS bit in the Control High Byte Register must 
be cleared, placing the chip in the slave mode. 

ML2230 

Note: The external activation signals for Start Modes 0, 1, 
and 3 are synchronized internally to the system clock. If 
periodic samp!!!!£ is required using these Start Modes, the 
SYNC, RD, or WR pulses must be synchronized to the sys­
tem clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA R~GISTER 
The AID conversion result is double-buffered using the 
Data Buffer registers and the AID Data register. The actual 
End-Of-Conversion (EOC) does not correspond with the 
DAVB output going low. The DAVB output goes low 16 in­
ternal clocks after the EOC. From the time DAVB output 
goes lOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read two 
data bytes as shown in Figu re 10. 

SELF CALIBRATION 
Setting the DaCAL bit issues a calibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the DAVB output goes low. 

A calibration requires 8,260 internal clocks. Using a 7MHz 
clock (CLK Mode=O), this is approximately 2 ms. Power 
supplies and external voltage reference must be 
stable before issuing a request for calibration. 

The Ml2230 should be calibrated before any conversions 
are attempted. Calibrations must not be performed si­
multaneously with conversions. Before requesting a cali­
bration, the user may want to read the Busy status bit to 
make sure that the converter is idle. Polling the chip while 
the calibration is in progress is not recommended. 

START OF CONVE RSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 ENO OF CONVERSION 1 ENO OF CONVERSION 2 

~ CONVERSION 1_~ CONVERSION 2 __ 

I I I DATA 1 AVAILABLE DATA 2 AVAILABLE 

CONVERSION 3---

Figure 10 
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FUNCTIONAL DESCRIPTION (Continued) 

CLOCK 
The ML2230 has the option of dividing the clock at the 
ClK pin by 2, or using it directly to drive the internal logic. 
This option is selected through the CK1 X bit in the Control 
register. When CK1 X = 0 the clock is divided by 2. This is 
referred to as ClK Mode=O. The clock at the ClK pin is re­
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CK1X = 1, the clock 
at the ClK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as ClK Mode-1. All internally clocked logic is 
positive edge triggered. 

CLKMode=O: 
There are two advantages to ClK Mode o. This is the only 
Mode that allows an external crystal to be used. ClK Mode 
1 cannot operate with an external crystal, the ClK pin 
must be driven. The second advantage of ClK Mode 0 is 
that the duty cycle for a driven clock is less stringent than 
in ClK Mode 1. (Refer to tcLKO and tCLK1 in AC Electrical 
Characteristics for ClK Mode 0 and 1 timing requirements, 
respectively.) 

On power up the state of the divide by two flip-flop is in­
determinate. Therefore the relationship between the in­
ternal clock and the external clock at the ClK pin can have 
one of two possibilities as shown in Figure 11. As a result 
the following should be considered. 

EXTERNAL 
CLOCK 

(CLK MODE = 0) 

INTERNAL 
CLOCK' 

o 

tWRCK, tRDCK, and tSYNCCK specs, (RD, WR, and SYNC set­
up times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer­
tainty of one external clock period. 

If periodic sampling is necessary and Start Mode 0,1, or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external clock peri­
ods, half the pulses would correspond with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the ClK mode. 

CLKMode=1: 
This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. ClK Mode 1 also eliminates the un­
certainty ofthe tWRCK, tRDCK, and tSYNCCK requirements. 

'INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 0 

Figure 11 
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FUNCTIONAL DESCRIPTION (Continued) 

DIAGNOSTICS 
Diagnostic routines may be run after power up or any 
other time to ensure proper operation. The diagnostic fea­
tures, which are software selectable, don't require ex­
ternal hardware. Both the analog and digital sections can 
be tested. 

The ML2230 is placed in the diagnostic mode via the 
TMDE field in the Control High Byte Register. Once the 
ML2230 is placed in one of the diagnostic modes, a con­
version must be executed before the results can be read. 
As with all conversions, DAVB will be activated upon 
completion. 

ANALOG CONVERSION DIAGNOSTICS 
TMDE = 000: Normal Operation 
Selects normal AID conversion. Default condition after a 
software reset. 

TMDE=OOl: Reserved by Micro Linear. 

TMDE-Ol0: CALWR operation 
The data in Write register 0 and 1 (CALCODE Holding 
Register), are transferred into the converter's Calibration 
register when a "Start Conversion" is issued. A dummy 
conversion occurs and the DAVB output goes LOW to in­
dicate that the operation is complete. 

TMDE - 011: CALRD operation 
The contents of the Calibration register are transferred 
through the AID Data register and loaded into the Data 
Buffer registers. A dummy 8-bit conversion occurs and 
DAVB output goes LOW to indicate that the CALRD 
operation is complete. 

TMDE -1 00: System Offset 
The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the ND converter and Samplel 
Hold combination. The VIN + and VIN - pins will remain 
in a high impedance state while in this mode. 

TMDE= 101: Common-mode 
Both the positive and negative inputs of the Sam pie and 
Hold are tied to VREF. The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE= 110: Positive Full Scale 
This test mode connects the positive input of the Sample 
and Hold to VREF and the negative input of the Sample and 
Hold to analog ground. The result of converting in this test 
mode is a value near positive full sc~le. 

TMDE = 111 : Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to VREF. 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 
The ML2230's architecture provides a way for the micro­
processor to indirectly read and write to the AID 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digitalloopback. 

r--------------------~------------, I REGISTERS I AID CONVERTER 

I Al AO WR iID cs 7 0 I 
I 0 0 I CALCODE HOLDING LOW BYTE I I 
I I I 
I 
I 0 

I 
I 

7 0 II 

o I CALCODE HOLDING HIGH BYTE I 
I~--------~I----~ 

I 
I 

L--.-____ +-------,~ 

I 1~15--C-A-U~BM~JI-O-N--~I~--R-~EG~I~~~:-R--~1 
I rI5 ________ ~~~F_------~O I 

I I Al AO WR ill cs 7 ....(j.. 0 

I 0 0 I DATA BUFFER HIGH BYTE I 

15 o 

I I TEMPORARY REGISTER 

I 
I 

1 I 
7 ~'--jr--o- I 

AID DATA I REGISTER I 

I 0 0 1 0 0 I DATA BUFFER LOW BYTE I I I L ____________________ L ____________ ~ 

Figure 12. Digital Loopback 
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FUNCTIONAL DESCRIPTION (Continued) 

When the TMDE bits are set to 010 CAL WRITE (CALWR), 
and a Start Conversion is issued in anyone of the four 
modes, the contents of the CAlCODE Holding Low Byte 
and High Byte registers are transferred into the AID con­
verter's Calibration register. When the TMDE bits are set to 
011 CAL READ (CALRD), and a Start Conversion is issued, 
the contents of the Calibration register are transferred 
through the AID's Data register into the Data Buffer low 
Byte and Data Buffer High Byte registers. The result of 
these two operations is a complete loopback from the 
CALCODE Holding registers through the AID converter 
and back into the Data buffer registers. This loopback pro­
vides user assurance that all the paths are clear and there 
are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be re­
stored before the converter is used to convert data. 

CALIBRATION PASS/FAIL TEST 
The CAlRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the Calibra­
tion register. If the Low Byte of the data buffer register is all 
ones after executing a CALRD, the calibration failed; 
otherwise the calibration is successful. 
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FUNCTIONAL DESCRIPTION (Continued) 

8048 

+SV 

~ 
~ 

Vss 
_-SV 

~ VR" + + 2.SV EXTERNAL 
Ml2230 AGND REFERENCE 

INTI+---------------------~DAV 

Y,N + -I ANALOG 
V'N- _ INPUT 

PI21---------------------+1 SYNC ClK 

= J 
Figure 13. Interfacing to 8048 Microcontroller 

A l,AO 1-________ -+ ________ --./1 

DO-D7 <-----------il.-------­
RlW I-------+....,---t-.J 

021-------~--~--t_./ 

VMAI---------------;-~ 

IRQI+-~-----------------1 

+SV 

~AVCC t 
DVcc 

~-SV 
VREF+ 2.5V 

EXTERNAL 
REFERENCE 

AGND 

DGND 

6800 Ml2230 

FROM SYSTEM { 
HARDWARE --. SYNC 
ClOCKS OR 

TIMERS 

Y,N + -I ANALOG 

V INPUT 
IN-+--

ClK 

Figure 14. Interfacing to 6800 Microprocessor 
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OJ{DERINC INFORMATION 

LINEARITY MINIMUM TEMPERATURE 
PART NUMBER ERROR CONVERSION RANGE PACKAGE 

ML2230BCj ±314 LSB 31.5tJS O°C to +70°C Hermetic DIP 
ML2230CCj ±1 LSB 31.StJS O°C to +70°C Hermetic DIP 
ML2230DCj :j:l LSB 44.0ps O°C to +70°C Hermetic DIP 
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-J> Micro Linear 
October 1990 
PRELIMINARY 

Ml2233 
J.tP Compatible 12-Bit Plus Sign AID Converter 

with Sample and Hold 

GENERAL DESCRIPTION 
The ML2233 is a member of Micro Linear's 12-bit plus sign 
CMOS AID converter family utilizing a self calibrating 
algorithmic technique. The sample-and-hold, incorpo­
rated on the ML2233, has a differential input for noise 
immunity and power supply rejection. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

The ML2233B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2233C 
and ML2233D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to a 16-bit microprocessor bus With: 
out additional components, the ML2233 outputs the 13-blt 
data result in one word. Data format is 2's complement. 
All digital signals are fully TTL and CMOS compatible. 

For interfacing to an 8-bit microprocessor bus the ML2230 
provides a 13-bit data result in two 8-bit bytes. 

BLOCK DIAGRAM 

VIN-

12·BIT + SIGN AID 
AND 

SAMPLE AND HOLO FUNCTION 

AVec Vss AGND 

DVCC DGND 

i i 
DO 

01 
02 

03 
04 
05 
06 

07 
DB 
09 
010 
011 

012 

AO 

CS 
WR 
On 
DAV 

CLK 
SYNC 

FEATURES 
• Resolution 12-bits + sign 
• Conversion time 

(including StH acquisition) 31.5/Ls max 
• Sample and hold acquisition 2.3/Ls max 
• Non-linearity error ±3/4lSB and ±1lSB max 
• low harmonic distortion 0.01 % 
• No missing codes 
• Self calibrating-maintains accuracy overtime and 

temperature . 
• Inputs withstand 17Vl beyond supplies 
• Data transfer options-interrupt, DMA, or polling _ 
• 13-bit resu It for 16-bit bus interface 
• Standard 28-pin DIP 

PIN CONNECTIONS 

Ml2233 
28-PIN DIP 

AGND AVec 

VIN+ ClK 

VIN- WR 

VREf On 

Vss cs 
DAV AO 

SYNC 012 

011 

01 DCND 

D2 010 

03 09 

04 08 

05 07 

06 DVcc 

TOPVIEW 
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PIN DESCRIPTION 
PINNa. NAME FUNCTION 

1 AGND Analog ground. 
2 VIN+ Positive differential analog input; 

range~V55=:;VIN+ =:;AVec, 
I(VIN+)-(VIN -)1 =:;VREF· 

3 VIN- Negative differential analog input; 
range~V55=:;VIN- =:;AVcc, 
I(VIN +) - (VIN -)1 =:;VREF· 

4 VREF Voltage reference input; referenced 
to analog ground. 

S V55 Negative power supply; decouple to 
AGND. 

6 DAV Data available; indicates a conver-
sion has completed and data is avail-
able or calibration completed. 

7 SYNC In the slave mode, SYNC is a positive 
edge triggered input used to start 
aconversion. In master mode, SYNC 
is an output and indicates conversion 
start. 

8 DO Bidirectional data bit. 
9 Dl Bidirectional data bit. 
10 D2 Bidirectional data bit. 
11 D3 Bidirectional data bit. 
12 D4 Bidirectional data bit. 
13 D5 Bidirectional data bit. 
14 D6 Bidirectional data bit. 
15 DVCC Digital power supply. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltages (AVcc and DVcd .................... . 6.0V 
Negative Supply Voltage (Vss) ....................... - 6.0V 
Voltage at Analog 

Inputs ............................. Vss -7V to AVcc+ 7V 
Voltage at VREF .. . .•••..••......•.. Vss -7VtoAVcc +7V 
Input Current per Digital Pin ....................... ± 10mA 
Input Current at Analog Inputs ...................... ±20mA 
Storage Temperature Range ............... -65°C to + 150°C 
Package Dissipation @ 25°C ....................... 875mW 
Lead Temperature (soldering, 10 seconds) 

Dual-In-Line Package (Ceramic) ...........•...... 300°C 

PINNa. NAME FUNCTION 
16 D7 Bidirectional data bit. 
17 D8 Bidirectional data bit. 
18 D9 Bidirectional data bit. 
19 Dl0 Bidirectional data bit. 
20 DGND Digital ground. 
21 Dll Bidirectional data bit. 
22 D12 Bidirectional data bit. 
23 AO Address for the microprocessor inter-

face to access registers. 
24 CS Chip select; enables writing to or 

reading from. 
25 RD Read; enables ML2233 to drive data 

bus. 
26 WR Write; allows writing Into the 

registers. 
27 CLK Clock input. Driven with an exter-

nal clock or crystal referenced to 
DGND. The crystal must be parallel 
resonant with minimum capacitive 
loading. (i.e., no bypass caps should 
be used and leads should be kept 
short.) 

28 AVec Positive analog power supply. 
Decouple to AGND. Tie to 
DV cc from same 
power supply. 

OPERATING CONDITIONS (Note 2) 

Temperature Range .............................. O°C to 70°C 
Supply Voltage (AVcc and DVcd .......... 4.5Voc to 6.0Voc 
Negative Supply Voltage (Vss) ........... -4.5Voc to -6.0Voc 
Reference Voltage (VREF) ............................... 2.60V 
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ELECTRICAL CHARACTERISTICS 
The following specifications apply for AVec = DVCC = 5V ± 5%, Vss = -5V ± 5%, VREF = 2.500V, VIN- = AGND, 
VIN+ = -2.5V to +2.5V, T A = T MIN to T MAX unless otherwise specified. 

PARAMffiR CONDITIONS 

Converter Characteristics 

linearity Error 
M12233BCJ 4 fCCLK = 0.1 ::; 7MHz 
ML2233CCJ fCCLK = 0.1 ::; 7MHz 
M12233DC) fCCLK = 0.1 ::; 5MHz 

Unadjusted Zero Error 
ML2233BCJ 4 
ML2233CCJ 
ML2233DC) 

Unadjusted Positive and Negative 5 
Full Scale Error 

Zero Error Temperature Coefficient 

Gain Temperature Coefficient 

Common-Mode Rejection 5,6 

Analog Input Source Resistance 5 

Analog Input Range 4 VIN+ Referred to VIN-

Analog Input Leakage Current 4 

Voltage Reference Input 5 
Source Impedance 

Reference Input Leakage Current 4 

Digital and DC Characteristics 

Power Supply Current 
Alco Analog V cc 4 
Dlco Digital Vcc 
Iss. Vss ' 

Power Supply Rejection 7 
AVcc DC 

DC to 25kHz 
Vss DC 

DC to 25kHz 

VILCUv Clock Input Low Voltage 4 

VIHCLIV Clock Input High Voltage 4 

IL 1, Input Leakage Current (CLK) 4 AGND ::; VIN ::; AVcc 

VII" Input Low Voltage 4 

VIH, Input High Voltage 4 

VOv Output Low Voltage 4 IOL = 2.0mA 

VOH, Output High Voltage 4 IOH =-4OOpA 

Iv Input Leakage Current (except CLK) 4 AGND ::; VIN ::; AVcc 

IHI-z, Output Leakage Current (DO-D12) 4 RD = CS = VIH 

C~ Input Capacitance (all digital inputs) 

Co. Output Capacitance 
(outputs DO to D12, SYNC and DAy) 

'-Micro Unear 

MIN 

80 

-VREF 

3.5 

2.0 

2.4 

TYP 
(Note 3) 

0.5 

10 

30 
10 
18 

80 
50 
80 
50 

10 

10 

MAX 

±'/.i 
±1 
±1 

±'/.i 
±2 
±2 

±4 

2 

+VREF 

100 

0.5 

100 

50 

30 

0.8 

AVcc 

±200 

0.8 

DVcc 

0.45 

±10 

±10 

UNITS 

LSB 
LSB 
LSB 

LSB 
LSB 
LSB 

LSB 

ppm/DC 

ppm/DC 

dB 

ill 

V 

nA 

ill 

nA 

rnA 
pA 
rnA 

dB 
dB 
dB 
dB 

V 

V 

pA 

V 

V 

V 

V 

pA 

pA 

pF 

pF 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

ftC. Electrical CharacterNics (Note 8) 

tc 

fClKO 

tClKO 

fClK1 

tClK1 

tAD 

tAR 

tRA 

tRR 

tRD 

tto toz 

tRY 

tRDCK 

tAW 

tWA 

tww 

tDW 

tWD 

tWRCK 

tCKDAV 

tSVNCCK 

tsYNCN 

tCKSVNC 

tSVNCO 

tWRDAV 

tRDDAV 

t" tf 

Note 1: 

Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 
Note 10: 
Note 11: 
Note 12: 
Note 13: 

Note 14: 
Note 15: 

2-70 

Conversion lime 4,9 ClK Mode = 0 fClK = 7.0MHz 31.5 p.s 
fClK = 5.0MHz 44.0 p.s 

Sample and Hold Acquisition 4,9 ClK Mode = 0 fClK = 7.0MHz 2.3 p.s 
fClK = 5.0MHz 3.2 p.s 

Clock Frequency 5,9 ClK Mode = 0 Crystal 3 7 MHz 
Driven 1 7 MHz 

Clock Width 5,9 Driven High 50 ns 
(ClK Mode = 0) low 50 ns 

Clock Frequency 5,10 Driven (ClK Mode = 1) 0.5 (Note 11) MHz 

Clock Width 5,10 Driven High 125 ns 
(ClK Mode = 1) low 125 ns 

Address Stable to Valid Data 4 150 ns 

Address Stable Before Read 4 0 ns 

Address Hold After Read 4 0 ns 

Read Pulse Width 4 150 ns 

Read Access 4 150 ns 

Data Read to Hi-Z 4 0 50 ns 

Recovery Between Two Reads 5 250 ns 
or Writes 

Read to Clock Setup Time 5,12 40 ns 

Address Stable Before Write 4 0 ns 

Address Hold After Write 4 0 ns 

Write Pulse Width 4 150 ns 

Data Setup Before Write Trailing Edge 4 100 ns 

Data Hold After Write Trailing Edge 4 0 ns 

Write to Clock Setup Time 5,12 40 ns 

Clock to DAV Assert 4,13 Cl = 50pF 120 220 ns 

SYNC Input to Clock Setup 5, 12 40 ns 

SYNC Input Width 5 (ClK Mode = 0) 6 1/fclKO 
(ClK Mode = 1) 3 1/fclK1 

External Clock to SYNC Output Delay 5,13 Cl = 50pF 150 200 ns 

SYNC Output Pulse Width 5,13 (ClK Mode = 0) 8 1/fclKO 
(ClK Mode = 1) 4 1/fclK1 

Write Reg2 to DAV Rising Edge 4,14 Cl = 50pF 170 ns 

Read RegO to DAV Rising Edge 4, 15 Cl = 50pF 170 ns 

Rise and Fall All Inputs 25 ns 

Absolute maximum ratings are hmlts beyond whIch the life of the mtegrated CIrCUIt may be Impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
DeVIces are 100% tested wIth temperature hmlts guaranteed by 100% testing, sampling or by correlatIon with worst-case test conditions. 
TYPlcals are parametrrc norm at 25'C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not In outgoing quality level calculatIon. 
Common mode rejection IS the ratio of the change in zero error to the change in common mode Input range. 
Power supply rejectIon is the -ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from O.BY to 2.0\(, Cl = 100pF. 
CK1X bit in control register = O. 
CK1X bit in control regIster = 1. 
Maximum frequency is 1/tClK1 (hIgh) + telK1 (low) + rise + fall tImes and 5 3.SMHz. 
Setup time required for syhchronous start of conversion. 
In ClK mode = 0 (CK1X bIt m control register = 0) start of conversIon will occur at specified tIme; or time plus one fClKO period (see 
~re~ __ 
Wrrting a control regIster bit 0 with a one WIll acknowledge the DAY condition and de-assert DAY output. 
In start mode = 1, a read from location "0" WIll start the next conversion and de-assert the DAY output. 

'Micro Linear 



ML2233 

TIMING DIAGRAMS 
tAD - tRA l-

AO,CS ) 
~IA.- t •• ", 

i .. t.v • -t.o- - l-t11,toz 

DATA BUS HIGHZ ) VALID l( HIGHZ 

Figure 1. Read Cycle 

AO,CS 

DATA BUS INVALID VALID 

tDW~ 

I-----t.v .. ,tww----~.~I 

Figure 2. Write Cycle 

ClK,MODE-l ]~I \ 
ClK, MODE = 0 ____ \ ...... ________ ...J1"'---...... " ... ____ _ 

DAV ---(",.; ;:6--
WR -------~\ .... ___ _'f~·O~ 

III 

\ ...... _--ClK, MODE = 1 4F-----......JI 
CLK,MODE-O \ / \ --- {~KO~'-" _____ -...J '-------

iID --~\\.____'1,----1 { ... jr---
FIRST BYTE SECOND BYTE 

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 
NOTE: DMA BIT IN TH E CONTROL REGISTE R MUST BE SET FOR TH IS OPE RATION. 

Figure'3. Data Available 

CLK,MODE=l ] c~ C 
ClK, MODE = 0 ---...... 

SYNC OUT --- {'~" ~ f ,~" 
Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 

START OF CONVERSION 

ClK 

(NOTEr 2.;.) ___ "'\ 

(NOTE 1) ___ ....1\ 

START OF CONVERSION 
(NOTE 3) 

1,...;---"'\ 

~ 

----'------'-----t' :!------
t-t--------ISYNCN , ---l ' 

WI 
(START MODE 0) 

m 
(START MODE 1) 

NOTES: 
1. ClK IS THE CLOCK DRIVEN ATTHE CLOCK PIN. 

TO 

2. IN ClK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 
3. IN CLK MODE 0, Will OCCUR EITHERAT TO OR TlIF SETUP TIMES ARE MET. 

I 
Tl 

Figure 5. Synchronous Start of Conversion (Start Mode 0,1,3) 

BLOCK DIAGRAM 

ClK ----I .. 

VIN+ 

VIN-

VREF 12·BIT 
+ SIGN 
AlD, 

SAMPLE AND 
AGND HOLD 

VSS 

\VCC 
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Figure 6. Block Schematic Diagram 
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FU NCTIONAl DESCRI PTION 

ALGORITHMIC AID CONVERTER 
Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the ap­
proximated signal, however this technique requires more 
circuitry than algorithmic converters. In addition the val­
ues of all of the resistors or capacitors in the DAC must be 
matched to within the accuracy ofthe converter. This is 
difficultto do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference volt­
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. Ifthe 2x input voltage is 
less than the reference, the MSB is a 0 and the 2x input 
voltage is stored in the sample and hold. This process re­
peats again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x VIN) - VREF 2" 0 

Step 2 

Step 3 

then MSB = 1 
(2 x VIN) - VREF-S/H 

else MSB = 0 
(2 x VIN)-S/H 

If (2 x S/H) - VREF 2" 0 
then next bit = 1 

(2 x S/H) - VREF-S/H 
else next bit = 0 

(2 x S/H)-S/H 

Repeat Step 2 until conversion complete. 

Since the AID converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 

Ml2233 

Figure 7. Self Calibrating A/D Converter 

SELF CALIBRATION 
In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain ofthe loop. Loop offsets are automatically nulled be­
fore each conversion using auto-zeroing circuitry on both 
the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (VREFIVREF), and examining the output code. 
Converting VREF should yield plus full scale, since VREF/ 
VREF should equal 1. If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13 bit accuracy of 2. 

'Micro Linear 2-73 

III 



Ml2233 

FUNCTIONAL DESCRIPTION (Continued) 

CONVERSION TIMES 
The following table lists the conversion times which in­
clude the sample and hold acquisition time. For a CALRD 
and CALWR no AID conversion actually takes place. 

OPERATION 
8 bitND 
13 bit AID 
CALWR 
CALRD 

# OF INTERNAL CLOCKS' 
80 
110 
52 
80 

SAMPLE AND HOLD TIMING 
Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of Conver­
sion" and the input channel going into sample mode is 
fixed at 6 internal clocks', regardless ofthe Start Mode. Six 
internal clocks after the Start of Conversion the Sample 
and Hold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
VIN + and one on VIN -. The sample switch is kept in the 
sample mode for 8 internal clocks (2.3I's at a 7MHz ex­
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the AID, after which the VREF pin is sam­
pled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Mas­
ter Mode during a conversion (MIS = 1 Control register) 
and Start Mode 0,1, or 2. SYNC is activated one internal 
clock cycle after the Start of Conversion and lasts for four 
internal clocks. 

*For a description of mternal clocks see Clock section. 

EXTERNAL 
CLOCK 

(CLK MODE 0) 

INTERNAL 
CLOCK 

OR (CLK MODE 1) 

SVNCPIN 
(MASTERMODE) __ -+-d 

ANALOG INPUTS 
DIFFERENTIAL INPUTS AND COMMON MODE 
REJECTION 
The differential inputs of the ML2233 eliminate the effects 
of common mode input noise (60Hz for example). as 
VIN + and VIN - are sampled at the same time. 

NOISE 
The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

POWER SUPPLY DECOUPLING 
Low inductance tantalum capacitors of lJ.!F or greater 
and O.OlI'F disc ceramic capacitors are recommended for 
bypassing AVec as well as Vss to AGND. These capacitors 
should be placed close to the AVec and Vss pins. 

MICROPROCESSOR INTERFACE 
There are two 13-bit directly addressable registers; a Data 
Buffer register and a Control register. The data buffer regis­
ter provides the conversion resu Its. The data register is 
double buffered, allowing one result to be read while the 
next sample is being converted. The data register also al­
lows access to the algorithmic converter's calibration 
code. Normally the ML2233 is operated without ever ac­
cessing these registers. (Refer to Diagnostics for more 
information). The Control register provides complete con­
trol and status information. The two registers are ad­
dressed by pin AO. 

I I 
16 I 17 18 19 20 21 22 23 24 I 25 26 

i--SAMPLING INPUT---I I---- SAMPLING REFERENCE-.i 

START OF CONVERSION 

Figure 8. Sample and Hold Timing 
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FUNCTIONAL DESCRIPTION (Continued) 

All data is returned from the converter in two's comple­
ment format. 

Cycle 
13 
8 

+Max 
OFFF 
007F 

-Min 
1000 
1 F80 

REGISTER DESCRIPTION 
Register O-Data Buffer: 

Zero 
0000 
0000 

Register a contai ns the resu Its of the latest conversion 
when read. Depending on the Start Mode selected, read­
ing or writing to this register may start the next 
conversion. 

Register l-CONTROL Register: 

Bit 0 (DAV status when READIDAVACK acknowledge 
when a ON E is written): 
Reading DAV ~ 1 indicates that new data is available or a 
calibration is complete. DAV will be cleared automatically 
when the data is read. This bit can be explicitly acknowl­
edged by writing a ONE to it; writing a zero has no effect. 
The DAV output pin always reflects the DAV status bit. 

12 11 10 9 
READ 

6 

ADDRESS 
AO 

DATA BUFFER REG I-1 _____ 13_.,_,T..:.c..:.o_Nv_'..:."T..:.'::..o::..OA.::.TA-'--_____ ---1 

TES.T MODE 

MASTER/SLAVE 

SHORT CYCLE 

00: START IF REGO IS WRITTEN 
01 START IF REGO IS READ 
10 CONTINUOUSCONVERSIONS 

AFTER REGO IS WRITTEN 
11- START IF SYNC GOES HIGH 

o fCLK = 0, elK DIVIDED BY 2 INTERNALLY (DEfAULT) 
MAXIMUM INPUT ClOCK fREQUENCY IS 7MHz 

1. feLK = 1, CLK DRIVES INTERNAL LOGIC DIRECTlY 
MAXIMUM INPUT CLOCK FREQUENCY IS 3.5MHz. 

Bit 1 (BUSY status when READ/RESETwhen a ONE is 
written): 
Reading BUSY ~ 1 indicates that a conversion or calibra­
tion is in progress. Writing a ONE will force a chip reset. 
Writing a zero has no effect. 

RESET Default Conditions: 

The Control register will automatically be cleared. The 
Data Buffer register will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the DAV 
output is inactivated (high). The SYNC pin is forced to be 
an input as a result of clearing the MIS bit in the Control 
register. 

Bit 2 (ADRDY status when READIDOCAL request when a 
ONE is written): 
Reading ADRDY ~O indicates that the converter has not 
been calibrated since the last reset, and ADRDY ~ 1 indi­
cates that it has been calibrated since the last reset. 
Writing a ONE will force the converter to do a calibration; 
writing a zero has no effect. 

12 11 10 
WRITE 

7 6 

'-____ CA_l_CO_D_'_H_O_LD_IN..:.G;..c"::.'G::.c'S;..cT::.c'R'-____ ---11 ~~~~TD~~~'ci:~ION 

WRITING 1 
ACKNOWLEDGES DAY 

SHORT CYClE 0= 13-811, 1 =8·8IT 

START MpDES 

000 NORMAL AID CONVERSION 

O. SLAVE MODE, SYNC ISAN INPUT (DEFAULT) 
1 MASTER MODE, SYNC IS AN OUTPUT 

Figure 9. Register Description 
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ML2233 

FUNCTIONAL DESCRIPTION (Continued) 

Bit 3 (SC: Short cycle select): 
Selects 8 or 13 bit conversions. 

SC ~ 0: 13-bit conversion (default) 
SC ~ 1 : 8-bit conversion (short cycle) 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 
00 

01 
10 

11 

Start Conversion upon writing to register 0 
(default) 
Start Conversion upon reading register 0 
Start Continuous Conversions upon writing to 
r,egister O. 
Start on external SYNC input going high 
(Requires Slave mode: M/S~O) 

Bits 7,6 (reserved): 
These bits are reserved by Micro Linear and must be writ­
ten as zero. 

Bits 10,9,8 (TMDE: test mode select bits) 

These bits are used for diagnostic purposes only and nor­
mally not accessed during operation. The default value of 
TMDE is 000 which selects a normal AID conversion. See 
Diagnostics for more information. 

TMDE 
000 
001 
010 
011 
100 
101 
110 
111 

Description 
Normal AID Conversion 
Reserved by Micro Linear (Do Not Use) 
CAlWR Operation 
CAlRD Operation 
System Offset 
Common-mode 
Plus Full Scale 
Minus Full Scale 

Bit 11 (MIS: MasterlSlave bit): 

Dictates whether the SYNC pin is an input or an output. 
Upon RESET, this bit is cleared. 

M/S~O: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE~11. 

MIS ~ 1: Master Mode SYNC is an output. At the begin­
ning of every conversion, SYNC 
is high for 4 internal clocks. 

Bit 12 (CKl X: clock select bit): 

Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section for 
a detailed explanation. 

CK1X~1: 

the external clock is divided by 
two and used as the internal 
clock. This is r!!ferred to as ClK 
Mode~O. 

the external clock input is used 
directly as the internal clock. 
This is referred to as ClK 
Mode~ 1. 
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FU NCTIONAl DESCRI PTION (Continued) 

GENERAL OPERATING INFORMATION 
CONVERSION-START PROTOCOL 
There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control Register. 

SMDE 
Bits 5,4 

00: A write to register ° will start a conversion. During 
a conversion, if another write is issued to register 
0, the "Start Conversion" command will be 
latched and another conversion will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in­
ternal clocks after the first write. Only one addi­
tional write will be latched; multiple writes within 
a conversion will only yield one more conversion. 

01: Reading the data from the previous conversion 
starts the next conversion. 

10: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register a 
will start the first conversion; thereafter the con­
verter runs continuously. This mode yields the 
maximum conversion rate. 

11: The SYNC input triggers the start of a conversion. 
The MIS bit in the Control Register must be 
cleared, placing the chip in the slave mode. 

Note: The external activation signals for Start Modes 0, 1, 
and 3 are synchronized internally to the system clock. If 

ML2233 

periodic sampling is required using these Start Modes, the 
SYNC, RD, or WR pulses must be synchronized to the sys­
tem clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 
The AID conversion result is double-buffered using the 
Data Buffer register and the AID Data register. The actual 
End-Of-Conversion (EOC) does not correspond with the 
DAVoutput going low. The DAVoutput goes low 16 in­
ternal clocks after the EOC. From the time DAV output 
goes lOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read the 
data as shown in Figu re 10. 

SELF CALIBRATION 
Setting the DOCAl bit issues a calibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the DAV output goes low. 

A calibration requires 8,260 internal clocks. Using a 7MHz 
clock (ClK Mode~O), this is approximately 2 ms. Power 
supplies and external voltage reference must be stable be­
fore issuing a request for calibration. 

The Ml2233 should be calibrated before any conversions 
are attempted. Calibrations must not be performed si­
multaneously with conversions. Before requesting a cali­
bration, the user may want to read the Busy status bit to 
make sure that the converter is idle. Polling the chip while 
the calibration is in progress is not recommended. 

START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 

_CONVERSION 1 tCONVERSION 2 CONVERSION 3 ___ 

DATA 1 AVAILABLE DATA 2 AVAILABLE 

Figure 10 
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FUNCTIONAL DESCRIPTION (Continued) 

CLOCK 
The Ml2233 has the option of dividing the clock at the 
ClK pin by 2, or using it directly to drive the internal logic. 
This option is selected through the CK1 X bit in the Control 
register. When CK1 X = 0 the clock is divided by 2. This is 
referred to as ClK Mode= o. The clock at the ClK pin is re­
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CK1 X = 1, the clock 
at the ClK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as ClK Mode =1. All internally clocked logic is 
positive edge triggered. 

CLKMode=O: 
There are two advantages to ClK Mode o. This is the only 
Mode that allows an external crystal to be used. ClK Mode 
1 cannot operate with an external crystal, the ClK pin 
must be driven. The second advantage of ClK Mode 0 is 
that the duty cycle for a driven clock is less stringent than 
in ClK Mode 1. (Refer to tCLKO and tCLKl in AC Electrical 
Characteristics for ClK Mode 0 and 1 timing requirements, 
respectively.) 

On power up the state of the divide by two flip-flop is in­
determinate. Therefore the relationship between the in­
ternal clock and the external clock at the ClK pin can have 
one of two possibilities as shown in Figure 11. As a result 
the following should be considered. 

EXTERNAL 
CLOCK 

(CLK MODE = 0) 

INTERNAL 
ClOCK* 

tWRCK, tRDCK, and tSYNCCK specs, (RD, WR, and SYNC set­
up times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer­
tainty of one external clock period. 

If periodic sampling is necessary and S~ Mode 0,1, or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external clock peri­
ods, half the pulses would correspond with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the ClK mode. 

CLKMode=l: 
This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. ClK Mode 1 also eliminates the un­
certainty of the tWRCK, tRDCK, and tSYNCCK requirements. 

'INTERNAL CLOCK MAY BE ONE OFTHE TWO ABOVE IN CLK MODE = 0 

Figure 11 
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FUNCTIONAL DESCRIPTION (Continued) 

DIAGNOSTICS 
Diagnostic routines may be run after power up or any 
other time to ensure proper operation. The diagnostic fea­
tures, which are software selectable, don't require ex­
ternal hardware. Both the analog and digital sections can 
be tested. 

The ML2233 is placed in the diagnostic mode via the 
TMDE field in the Control Register. Once the ML2233 is 
placed in one of the diagnostic modes, a conversion must 
be executed before the results can be read. As with all 
conversions, DAV will be activated upon completion. 

ANALOG CONVERSION DIAGNOSTICS 
TMDE~OOO: Normal Operation 
Selects normal ND conversion. Default condition after a 
software reset. 

TMDE ~ 001: Reserved by Micro Linear. 

TMDE~01O: CALWRoperation 
The data in Write register a (CALCODE Holding Register), 
is transferred into the converter's Calibration register 
when a "Start Conversion" is issued. A dummy conver­
sion occurs and the DAV output goes LOW to indicate that 
the operation is complete. 

TMDE ~ all: CALRD operation 
The contents of the Calibration register are transferred 
through the A/D Data register and loaded into the Data 
Buffer register. A dummy 8-bit conversion occurs and DAV 
output goes LOW to indicate that the CALRD operation is 
complete. 

ML2233 

TMDE~ 100: System Offset 
The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the A/D converter and Sample/ 
Hold combination. The VIN + and VIN - pins will remain 
in a high impedance state while in this mode. 

TMDE ~ 101: Common-mode 
Both the positive and negative inputs of the Sample and 
Hold are tied to VREF. The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE~ 110: Positive Full Scale 
This test mode connects the positive input of the Sample 
and Hold to VREF and the negative input of the Sample and 
Hold to analog ground. The result of converting in this test 
mode is a value near positive full scale. 

TMDE ~ 111: Negative Full Scale 
This test mode connects the positive input of the Sample III 
and Hold to analog ground and the negative input to VREF. 
The result of converting in this test mode is a value near 
negative fu II sca Ie. 

DIGITAL LOOPBACK 
The ML2233's architecture provides a way for the micro­
processor to indirectly read and write to the AID 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digitalloopback. 

i----------------T-----------l I REGISTERS I AID CONVERTER I 
I AO WR RD CS 12 0 I I 
I 0 0 1 0 I I 
I I 
I I 
I I 
I I 
I I 
I AOWRRDCS I 
I 0 1 0 0 I I 
L ________________ ~ ___________ ~ 

Figure 12. Digital Loopback 
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FU NCTIONAl DESCRI PTION (Continued) 

When the TMDE bits are set to 010 CAL WRITE (CALWR), 
and a Start Conversion is issued in anyone of the four 
modes, the contents of the CALCODE Holding register is 
transferred into the AID converter's Calibration register. 
When the TMDE bits are set to 011 CAL READ (CALRD), 
and a Start Conversion is issued, the contents of the 
Calibration register are transferred through the AID's 
Data register into the Data Buffer register. The result of 
these two operations is a complete loopback from the 
CALCODE Holding register through the AID converter 
and back into the Data buffer register. This loopback pro­
vides user assurance that all the paths are clear and there 
are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be re­
stored before the converter is used to convert data. 

CALIBRATION PASS/FAIL TEST 
The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the Calibra­
tion register. If the Low Byte (lower 8 bits) of the data 
buffer register are ones after executing a CALRD, the cali­
bration failed; otherwise the calibration is successful. 
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A23 
Al 

AS CS 

VMA AO -5V 

VPA 
+ 2.5V EXTERNAL 

DTACK 

68000 RJW 

IPlO 1+-------------1 

D15IJL---~D~A~TA~BU~S~---~1 
DO I"---~~~~---_JI 

REFERENCE 

RD 

WR 

Figure 13. Interfacing to 68000 Microprocessor 

BID 
015 
DO 

RJW 

-5V 
STRB 

WR 

TMS320C25 

lGND

: 

Ml2233 
A15 

DGND 
CS A14 

VIN+ 
An 

ANALOG (--"-'-'--+ is 
INPUT ~ X2/ClKIN 

READY 

ClK 
AO AO Xl 

= 
l 

Figure 14. Interfacing to TMS320C25 Digital Signal Processor 
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ORDERING INFORMATION 

MAXIMUM MAXIMUM TOTAL MINIMUM 
PART NUMBER LINEARITY ERROR UNADJUSTED ERROR CONVERSION PACKAGE 

ML2233BC) ±% LSB ±lll2 LSB 31.5115 Hermetic DIP 
ML2233CC) ±1 LSB ±2Y2 LSB 31.5115 Hermetic DIP 
ML2233DCJ ±1 LSB ±2Y2 LSB 44.0115 Hermetic DIP 
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.~ Micro Linear ML2252,ML2259 
jjP Compatible 8-Bit AID Converters 

with 2- or 8-Channel Multiplexer 

GENERAL DESCRIPTION 
The ML2252 and ML2259 combine an 8-bit AI D converter, 
2- or 8-channel analog multiplexer, and a microprocessor 
compatible 8-bit parallel interface and control logic in a sin­
gle monolithic CMOS device. 

Easy interface to microprocessors is provided by the latched 
and decoded multiplexer address inputs and a double buf­
fered three-state data bus. These analog-to-digital converters 
allow the microprocessor to operate completely asynchron-
ous to the converter clock. ' 

The built in sample and hold function provides the ability to 
digitize a 5Y, 50kHz sine wave to 8-bit accuracy. The differ­
ential comparator design provides low power supply sensitiv­
ity to DC and AC variations. The voltage reference can be 
externally set to any value between ground and Vee, thus 
allowing a full conversion over a relatively small span if de­
sired. All parameters are guaranteed over temperature with a 
power supply voltage of 5 V ± 10%. 

The device is suitable for a wide range of applications from 
process and machine control to consumer, automotive, and 
telecommunication applications. 

BLOCK DIAGRAMS 

FEATURES 
• Conversion time (felK = 1.46 MHz) 6.611S 
• Total unadjusted error ±1/2 LSB or ±1 LSB 
• No missing codes 
• Sample and hold 390 ns acquisition 
• Capable of digitizing a 5V, 50kHz sine wave 
• 2- or 8-channel input multiplexer 
• OVto 5V analog input range with single 5V power 

supply 
• Operates ratiometrically or with up to 5 V voltage 

reference 
• No zero or full scale adjust required 
• Analog input protection 25 rnA (min) per input 
• Continuous conversion mode 
• Low power dissipation 15mW MAX 
• TTL and CMOS compatible digital inputs and outputs 
• Standard 20-pi n or 28-pi n DI P or PCC 
• Temperature range O°Cto +70°C, 

or -4Q°Cto +85°C, 
or -55°Cto +125°C 

ML2252 

CHO 

CHI 

vee 

? 

ADDRESS 
IAlCH 
AND 

DECODER 

ADDRESS AD GND 
IAlCH 

ENABLE 

CLOCK 

r-----o STARr 

+VREF -VREF 

'Micro Linear 

DBO 

DBl 

DB2 

DB3 

'DB4 

DBS 

DB6 

DB7 
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ML2252, ML2259 

BLOCK DIAGRAMS (Continued) 

CHO 

CH1 

CH2 

CH3 

CH4 

CH5 

CH6 

CH7 

8-CHANNEl 
MULTIPLEXER 

ADDRESS 
lAlCH 
AND 

DECODER 

ADDRESS AD Al A2 
lAlCH 

ENABLE 

PIN CONNECTIONS 

ML2252 
2O-PinDIP 

CH1 

GND 

CHO 

START ADDRO 

EOC ALE 

DB3 DB7 

OE DB6 

CLK DBS 

Vee DB4 

+VREF DRO 

GND -VREF 

DBl DB2 

lOP VIEW 

ML2252 
2O-Pin PCC 
START CHO 

EOC I CHI I ADDRO 

3 2 1 20 19 
DB3 4 18 ALE 

OE 5 17 DB7 

ClK 6 16 DB6 

Vee 7 15 DB5 

+VREF 8 DB4 
9 10 n 12 

GND I DB2 I DRO 
DB1 -VREF 

lOP VIEW 
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ML2259 

Vee 

y 

+VREF 

CH7 

START 

EOC 

DB3 

OE 

ClK 

Vee 

.------<> START 

ML2259 
28-Pin DIP 

CH3 

CH4 

CH5 

CH6 

CH7 

START 

EOC 

DB3 

OE 

ClK 

Vee 

+VREF 

GND 

DBl 

lOP VIEW 

ML2259 
28-PinPCC 

CH5 CH3 CHI 

DRO 

DBl 
DB2 

DB3 
DB4 

DBS 

DB6 

DB7 

CH2 

CHI 

CHO 

ADDRO 

ADDR1 

ADDR2 

ALE 

DB7 

DB6 

DBS 

DB4 

DBO 

-VREF 

DB2 

CH6 I CH4 I CH2 I CHO 

4 3 2 1 28 27 26 

25 

24 

23 

22 

21 

20 

19 

12 13 14 15 16 17 18 

IGNDI DB21 DROI 
+VREF DBl -VREF DB4 

lOP VIEW 
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PIN DESCRIPTION 
PIN# 

Ml2252 Ml2259 

2 
3 

4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
1 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 

NAME 

CH3 
CH4 
CH5 
CH6 
CH7 

START 
EOC 

DB3 
OE 

ClK 
Vee 

+VREF 
GND 
DB1 
DB2 

-VREF 
DBO 
DB4 
DB5 
DB6 
DB7 
ALE 

ADDR2 
ADDR1 
ADDRO 

CHO 
CH1 
CH2 

ML2252, ML2259 

FUNCTION 

Analog input 3. 
Analog input 4. 
Analog input 5. 
Analog input 6. 
Analog input 7. 
Start of conversion. Active high digital input pulse initiates conversion. 
End of conversion. This output goes low after a START pulse occurs, stays low for 
the entire AI D conversion, and goes high after conversion is completed. Data 
on DBO-DB7 is valid on rising edge of EOC and stays valid until next EOC rising 
edge. 
Data output 3. 
Output enable input. When OE-O, DBO-DB7 are in high impedance state; 
OE = 1, DBO-DB7 are active outputs. 
Clock. Clock input provides timing for AID converter, 51 H, and digital interface. 
Positive supply. 5V ±10%. 
Positive reference voltage. 
Ground. Ov, all analog and digital inputs or outputs are referenced to this point. 
Data output 1. 
Data output 2. 
Negative reference voltage. 
Data output O. 
Data output 4. 
Data output 5. 
Data output 6. 
Data output 7. 
Address latch enable. Input to latch in the digital address (ADDR2-0J on the 
rising edge of the mu Itiplexer. 
Address input 2 to multiplexer. Digital input for selecting analog input. 
Address input 1 to multiplexer. Digital input for selecting analog input. 
Address input 0 to multiplexer. Digital input for selecting analog input. 
Analog input o. 
Analog input 1. 
Analog input 2. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vcc ............................... 6.5V 
Voltage 

logic Inputs ....................... -O.3VtoVcc +O.3V 
Analoglnputs ...................... -O.3Vto Vcc +O.3V 

Input Current per Pin (Note 2) ..................... ± 25 rnA 

Supply Voltage, Vcc ..................... 4.5VDC t06.3Voc 
Temperature Range (Note 3) ................ TMIN"TA"TMAX 

Ml2252BM], Ml2252CMj .............. -55°Cto +125°C 
M12259BMj, M12259CMj 
Ml2252Blj, Ml2252Clj ................. -40°C to +85°C 

Storage Temperature .................... -65°Cto +150°C Ml2259Blj, Ml2259CIj 
Package Dissipation Ml2252BCp, M12259BCP .................. O°Cto +70°C 

atTA-25°C(BoardMount) ..................... 875mW 
lead Temperature (Soldering 10 sec.) 

M12252BCQ, Ml2259BCQ 
Ml2252CCp, Ml2259CCP 

Dual-In-line Package (Plastic) ..................... 260° C M12252CCQ, Ml2259CCQ 
Dual-In-line Package (Ceramic) ................... 300° C 
Molded Chip Carrier Package . 

Vapor Phase (60 sec.) .......................... 215° C 
Infrared (15 sec.) ............................. 220° C 
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ML2252,ML2259 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA= T MIN to TMAX, Vee = +VREF=5V ±10%, - VREF=GND and fCLK= 1,46MHz. 

ML22528, ML22598 ML2252C, ML2259C 

PARAMETER NOTES CONDITIONS MIN I N~~41 MAX MIN I N~~4 I MAX UNITS 

CONVERTER AND MULTIPLEXE R CHARACTERISTICS 
Total Unadjusted Error 5,7 VREF=VCC ±'12 ±1 LSB 

+VREF Voltage Range 6 -VREF Vcc+O.l -VREF Vcc+O.l V 

- V REF Voltage Range 6 GND-O.l +VREF GND-O.l +VREF V 

Reference Input 5 14 20 28 14 20 28 kQ 
Resistance 

Analog Input Range 5,8 GND-O.l Vcc+O.l GND-O.l Vcc+O.l V 

Power Supply 6 DC ± '/32 ±'/4 ±'/32 ±'/4 LSB 
Sensitivity Vcc=5V±1O% 

100mVp•p ±'h6 ±'h6 LSB 
100 kHz Sine on V CO 
V,N=O 

10ff' Off Chan nel 5,9 On Channel=Vcc -1 -1 ,..A 
Leakage Current OffChannel=OV 
(Note 9) OnChannel=OV 1 1 ,..A 

OffChannel=Vcc 

'On' On Channel 5,9 On Channel=OV -1 -1 ,..A 
Leakage Current Off Channel =Vcc 
(Note 9) On Channel = Vcc 1 1 ,..A 

Off Channel = 0 V 

SYMBOL PARAMETER CONDITIONS UNITS 

DIGITAL AND DC CHARACTERISTICS 

V'N(l) Logical "1" Input Voltage 5 2.0 V 

V'N(O) Logical "0" I n put Voltage 5 0.8 V 

I'N(l) Logical "1" Input Current 5 V'N=VCC 1 ,..A 

I'N(O) Logical "0" Input Current 5 V,N=OV -1 ,..A 

VOUT(1) Logical "1" Output Voltage 5 louT=-2mA 4.0 V 

VOUT(O) Logical "0" Output Voltage 5 louT=2mA 0.4 V 

lOUT Three-State Output 5 VOUT=OV -1 ,..A 
Current 

VOUT = Vcc 1 ,..A 

Icc Supply Current 5 1.5 3 mA 

AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note to) 

tACQ Sample & Hold Acquistion '12 1 ffeLK 

fCLK Clock Frequency 5 10 1460 kHz 

Ie Conversion Time 8.5 8.5+250ns l/fcLK 

SNR Signal to Noise Ratio V ,N =51 kHz, 5VSine. 47 dB 
fCLK = 1.46 MHz 
(fSAMPllNG~150 kHz). Noise is Sum of 
All Nonfundamental Components up 
to '12 of fSAMPLING 

THO Total Harmonic Distortion Y,N = 51 kHz, 5V Sine. -60 dB 
fCLK= 1.46MHz 
(fSAMPllNG~150kHz). THO is Sum of 
2,3,4,5 Harmonics Relative to 
Fundamental 
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ML2252,ML2259 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = TMIN to TMAX, Vcc= +VREF=5V ±10%, -VREF=GND and fCLK =l.46MHz. 

TYP 
SYMBOL PARAMETER CONDITIONS NOTE 4 UNITS 

AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) (Continued) 

IMD Intermodulation Distortion VIN =fA +fB• fA =49 kHz, 2.5V Sine. -60 dB 
fB=47.8kHz,2.5VSine, 
fClK -1.46 MHz 
(fSAMPUNG£!150kHz). IMD IS (fA +fB), 
(fA -fB), (2 fA +fB), (2 fA -fB), (fA +2fB), 
(fA - 2fB) Relative to Fundamental 

FR Frequency Response VIN - 0 to 50 kHz. 5 V Sine Relative to 0.1 dB 
1kHz 

tDC Clock Duty Cycle 6,11 40 60 % 

tax End of Conversion Delay 5 '/2 '/2+250ns l/fClK 

tws Start Pulse Width 5 50 ns 

tss Start Pulse Setup Time 6,12 Synchronous Only 40 ns 

tWAlE Address Latch Enable Pulse 5 50 ns 
Width 

ts Address Setup 5 0 ns 

tH Address Hold 5 50 ns 

~,,~O Output Enable for DBD-DB7 6 Figure 1, Cl - 50pF 100 ns 

6 Figure 1, Cl -lOpF 50 ns 

t'H, toH Output Disable for DBO·DB7 6 Figure 1, Cl =50pF 100 ns 

6 Figurel,Cl =lOpF 50 ns 

CIN Capacitance of logic Input 5 pF 

CaUl Capacitance of logic Output 10 pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: When the input voltage MN) at any pm exceeds the power supply rails (YIN < GND - O.1V or V cc +0.1 V) the absolute value of current 
at that pin should be limited to 25 mA or less. 
Note 3: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst·case test conditions. 
-40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 
Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample and hold errors. 
Note 8: For - VREF ;;'VIN( +) the digital output code will be 0000 0000. Two on-chlp diodes are tied to each analog input which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low 
Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors 
for analog inputs near full-scale. The spec allows 100 mV forward bias of either diode. This means that as long as the analog VIN or VREF does not 
exceed the supply voltage by more than 100m\/, the output code will be correct. To achieve an absolute OVDC to 5VDC input voltage range will 
therefore require a minimum supply voltage of 4.9OOVoc over temperature variations, initial tolerance and loading. 
Note 9: Leakage current is measured with the clock not switching. 
Note10: Cl -50pF, timing measured at 50% point. 
Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum time the clock is high or the minimum time the clock is low must beat least40ns. The maximum 
time the clock can be high or low is 6O,..s. 
Note 12: The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock rising 
edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse. 
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Figure 1. High Impedance Test Circuits and Wawfonns 

TYPICAL PERFORMANCE CURVES 

1.0 

0.75 

=-
~ .. 
~ .. 0.5 ... 
~ .. 
;:5 
z 
:::; 

0.25 

o 

2-88 

_55°C 

25°C 

""1250C 

r-- ..... 

.01 .1 

CLOCK FRfQUENCY (MHz) 

Figure 2. Linearity Error vs fCLK 

'Micro Unear 

VLUI 
VREF=5V 

tOH I~-+-,....-­
!50% ___ oJ 

_tHO. I­
\50% 
'----

I-

V -



ML2252, ML2259 

TYPICAL PERFORMANCE CURVES (Continued) 

I 
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Figure 3. Linearity Error vs VREF Voltage 

1.0 FUNCTIONAL DESCRIPTION 

1.1 Multiplexer Addressing 
The ML2252 and ML2259 contain a single ended analog 
multiplexer. A particular input channel is selected by using 
the address decoder. The relationship between the address 
inputs, ADDRO-ADDR2, and the analog input selected is 
shown in Table 1. The address inputs are latched into the 
decoder on the rising edge of the address latch signal ALE. 

Table 1. Multiplexer Address Decoding 

ML2252 

Selected Address 
Analog Channel Input 

CHO 0 
CH1 1 

ML2259 

Selected Address Input 
Analog Channel ADDR2 ADDR1 ADDRO 

CHO 0 0 0 
CH1 0 0 1 
CH2 0 1 0 
CH3 0 1 1 
CH4 1 0 0 
CH5 1 0 1 
CH6 1 1 0 
CH7 1 1 1 

1.2 AI D Converter 
The AI D converter uses successive approximation to per­
form the conversion. The converter is composed of the suc­
cessive approximation register, the DAC and the comparator. 

I. 
Vcc=5V 
V'N=OV 
fclK = 10.4MHz 

1.5 TA=25°C -

IE 
~ 
'" 0 
'" ffi 
t; 
~ 

0 
0.5 

\ 

~ 
"-

~ --o 
o 

VR" (Voc) 

Figure 4. Unadjusted Offset Error vs VREF Voltage 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is com­
posed of a capacitor upper array and a resistor lower array. 
The capacitor upper array generates the 4 MSB decision 
levels while the series resistor lower array generates the 4 LSB 
decision levels. A switch decoder tree is used to decode the 
proper level from both arrays. 

The capacitor I resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required be­
tween 24= 16 elements (as opposed to 28 =256 elements in 
conventional designs).And since the levels are based on the 
ratio of capacitors to capacitors and resistors to resistors, the 
accuracy and long term stability of the converter is improved. 
This also guarantees monotonicity and no missing codes, as 
well as eliminating any linearity temperature or power supply 
dependence. 

The successive approximation register is a digital block used 
to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differential 
and auto zeroed. The fully differential architecture provides 
excellent noise immunity, excellent power supply rejection, 
and wide common mode range. The comparator is auto 
zeroed at the start of each conversion in order to remove any 
DC offset and full-scale gain error, thus improving accuracy 
and linearity. 

Another advantage of the capacitor array approach used in 
the ML2252 and ML2259 is the inherent sample-and-hold 
function. This true S/H allows an accurate conversion to be 
done on the input even if the analog signal is not stable. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

Linearity and accuracy are maintained for analog signals up 
to 1/2 the sampling frequency. As a result, input signals up to 
50 kHz can be converted without degradation in linearity or 
accuracy. 

The sequence of events during a conversion is shown in 
Figure 5. The rising edge of a START pulse resets the internal 
registers and initiates a conversion on the next rising edge of 
ClK providing that (tss) start pulse setup time is satisfied. If 
this setup time is not met, start conversion will have an un­
certainty of one clock pulse. The input is then sampled for 
the next half ClK period until EOC goes low. EOC goes low 
on the falling edge of the next ClK pulse indicating that the 
conversion is now beginning. The actual conversion now 
takes place for the next eight ClK pulses, one bit for each 
ClK pulse. After the conversion is done, the data is updated 
on DBO-DB7 and EOC goes high on the rising edge of the 9th 
ClK pu Ise, indicating that the conversion has been com­
pleted and data is valid on DBO-DB7. The data will stay valid 
on DBO-DB7 until the next conversion updates the data word 
on the next rising edge of EOC. 

ClK 

START 

ADDRO-ADDR2 

EOC 

A conversion can be interrupted and restarted at any time by 
a new START pulse. 

1.3 Analog Inputs and Sample/ Hold 
The Ml2252 and Ml2259 have a true sample-and-hold 
circuit which samples both the selected input and ground 
simultaneously. These analog to digital converters can reject 
AC common mode signals from DC-50 kHz as well as 
maintain linearity for signals from DC-50kHz. 

The plot below (Figure 6) shows a 204B point FFT of the 
Ml2259 converting a 50kHz, Oto 5V, low distortion sine 
wave input. The Ml2252 and Ml2259 sample and digitize at 
their specified accuracy, dynamic input signals with fre­
quency components up to the Nyquist frequency (one-half 
the sampling rate). The output spectra yields precise mea­
surements of input signal level, harmonic components, and 
signal to noise ratio up to the B-bit level. The near ideal signal 
to noise ratio is maintained independent of increasing analog 
input frequencies to 50 kHz. 

______ c=======~tc========~~I~ __ 
DBO-DB7 PREVIOUS DATA * DATA >r-----{ 

2-90 

II 'HI, 'HO-'I I~ 
OE--------------------------------------------------------------'~IH~,'~OH~-~ 

Figure 5. Timing Diagram 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

The signal at the analog input is sampled during the interval 
when the sampling switch is open prior to conversion start. 
The sampling window (S/H acquisition time) is one half elK 
period long and occurs one half elK period after START goes 
low. When the sampling switch closes at the start of the SI H 
acquisition time, 8 pF of capacitance is thrown onto the ana­
log input. One half elK period later, the sampling switch 
opens, the signal present at analog input is stored and con­
version starts. Since any error on the analog input at the end 
of the SI H acquisition time will cause additional conversion 
error, care should be taken to insure adequate settling and 
charging time from the source. If more charging or settling 
time is needed to reduce these analog input errors, a longer 
elK period can be used. 

Each analog input has dual diodes to the supply rails, and a 
minimum of ± 25 mA (± 100mA typically) can be injected 
into each analog input without causing latchup. 

1.4 Reference 
The voltage applied to the +VREF and - VREF inputs defines 
the voltage span of the analog input (the difference between 
V1NMAX and VINMIN) over which the 256 possible output 
codes apply. The devices can be used in either ratiometric 
applications or in systems requiring absolute accuracy. The 
reference pins must be connected to a voltage source capa­
ble of driving the reference input resistance, typically 20 k. 

In a ratiometric system, the analog input voltage is propor­
tional to the voltage used for the AI D reference. This voltage 
is typically the system power supply, so the +VREF pin can be 
tied to Vee and - VREF tied to GND. This technique relaxes 
the stability requirements of the system reference as the ana­
log input and AI D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy, where the analog input varies be­
tween specific voltage limits, the reference pins can be biased 
with a time and temperature stable voltage source. 

+VREF and - VREF can be at any voltage between Vee and 
GND. In addition, the difference between +VREF and - VREF 
can be set to small values for conversions over smaller 
voltage ranges. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sources 
when operating with a reduced span due to the increased 
sensitivity of the converter. 

1.5 Power Supply and Reference Oecoupling 
A lOIlF electrolytic capacitor is recommended to bypass Vee 
to GND, using as short a lead length as possible. In addition, 
with clock frequencies above 1MHz, a O.lIlF ceramic disc 
capacitor should be used to bypass Vee to GND. 

If REF + and REF - inputs are driven by long lines, they should 
be bypassed by O.lIlF ceramic disc capacitors at the reference 
input pins (pins 12, 16). 

1.6 Dynamic Performance 
Signal-ta-Noise Ratio 
Signal-to-noise ratio (SNR) is the measured signal to noise at 
the output of the converter. The signal is the rms magnitude 
of the fundamental. Noise is the rms sum of all the nonfunda-

mental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more the levels, the smaller the 
quantization noise. The theoretical SNR for a sine wave is 
given by 

SNR = (6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal8-bit converter, 
SNR = 49.92dB. 

Harmonic Distortion 
Harmonic distortion is the ratio of the rms sum of harmonics 
to the fu ndamental. Total harmonic distortion (TH D) of the 
Ml2252 or Ml2259 are defined as 

N22 + V32 + V42 + VS2)112 
20 log = ---='------"-----'-----"-

Vl 

where V1 is the rms amplitude of the fundamental and V2, 
V3, V 4, Vs are the rms amplitudes ofthe individual 
harmonics. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fA 
and fB, any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and difference 
frequencies of mfA + nfB' where m, n =0,1,2,3 ... Inter­
modulation terms are those for which m or n is not equal to 
zero. The (IMD) intermodulation distortion specification 
includes the second order terms (fA + fB) and (fA - fB) and 
the third order terms (2fA + fB), (2fA - fB), (fA + 2fB), and 
(fA - 2fB) only. 

1.7 Digitallnterface 
The analog inputs are selected by the digital addresses, 
ADDRO-ADDR2, and latched on the rising edge of ALE. This 
is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START pulse. 
As long as this pulse is high, the internal logic is reset. 

The sampling interval starts with the following elK rising 
edge after a START falling edge and ends on the falling edge 
of ClK. The conversion starts and EOC goes low. The sam­
pling clock is at least one half elK period wide. Each bit 
conversion in the successive approximation process takes 1 
ClK period. On the rising edge of the ninth elK pulse, the 
digital output of the conversion is updated on the outputs 
DBO-DB7 and EOC goes high indicating the conversion is 
done and data on DBO-DB7 is valid. 

One feature of the Ml2252 and Ml2259 is that the data is 
double buffered. This means that the outputs DBO-DB7 will 
stay valid until updated at the end of the next conversion and 
will not become invalid when the next conversion starts. This 
facilitates interfacing with external logic of 1lP. 

The signal OE drives the data bus, DBO-DB?, into the 
high impedance state when held low. This allows the 
Ml2252 and Ml2259 to be tied directly to a f.lP system 
bus without any latches or buffers. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

1.7.1 Restart During Conversion 
1ft he AID is restarted (start goes low and returns high) during 
a conversion, the converter is reset and a new conversion is 
started. The output data latch is not updated ifthe conversion 
in process is not allowed to be completed. EOC will remain 
low and the output data latch is not updated. 

Vee 

1.7.2 Continuous Conversions 
In the free-running, continuous conversion mode, the start 
input is tied to the (Figure 7) EOC output. An initialization 
pulse, following power-up, of momentarily forcing a logic 
high level is required to guarantee operation. 

ML2252 
ML2259 

START 

L:11 .... E_OC __ --' 

Figure 7. Continuous Conversion Mode 

2.0 TYPICAL APPLICATIONS 

Vee (5VDc) 
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Figure 8. Protecting the Input Figure 9. Operating with Ratiometric Transducers 15 "10 

of Vcc';; VXDR';; 85"10 ofVcc 
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ORDERING INFORMATION 

PART NUMBER 
TOTAL 

UNADJUSTED ERROR 

TWO ANALOG INPUTS, 20-PIN PACKAGE 

Ml2252BMJ ± 'l2lSB 
Ml2252BIJ 
Ml2252BCP 
Ml2252BCQ 
Ml2252C1J ±llSB 
Ml2252CCP 
Ml2252CCQ 

EIGHT ANALOG INPUTS, 28-PIN PACKAGE 

Ml2259BMJ ±1fzlSB 
Ml2259BIJ 
Ml2259BCP 
Ml2259BCQ 
Ml2259C1J ±llSB 
Ml2259CCP 
Ml2259CCQ 

TEMPERATURE 
RANGE 

-55°Cto +125°C 
-40°C to +85°C 

O°Cto +70°C 
O°Cto +70°C 

-40°Cto +85°C 
O°Cto +70°C 
O°Cto +70°C 

- 55°C to + 125°C 
-40°C to +85°C 

O°Cto +70°C 
O°Cto +70°C 

- 40°C to +85°C 
O°Cto +70°C 
O°Cto +70°C 

'Micro Linear 
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PACKAGE 

HERMETIC DIP 
HERMETIC DIP 
MOlDEODIP 
MOlDEOPCC 
HERMETIC DIP 
MOLDEODIP 
MOLDEOPCC 

HERMETIC DIP 
HERMETIC DIP 
MOLDEODIP 
MOLDEOPCC 
HERMETIC DIP 
MOLDEODIP 
MOlDEOPCC 

• 
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ML2258 

JlP Compatible 8-Bit AID Converter 
with 8-Chan nel Mu Iti plexer 

GENERAL DESCRIPTION 
The ML2258 combines an 8-bit AID converter, 8-channel 
analog multiplexer, and a microprocessor compatible 8-bit 
parallel interface and control logic in a single monolithic 
CMOS device. 

Easy interface to microprocessors is provided by the 
latched and decoded multiplexer address inputs and 
latched three-state outputs. 

The device is suitable for a wide range of applications from 
process and machine control to consumer, automotive, 
and telecommunication applications. 

The ML2258 is an enhanced pin compatible second 
source for the industry standard ADC0808/ADC0809. The 
ML2258 enhancements are faster conversion time, true 
sample and hold function, superior power supply rejec­
tion, wider reference range, and a double buffered data 
bus as well as faster digital timing. All parameters are 
guaranteed over temperature with a power supply voltage 
of5V±1O%. 

BLOCK DIAGRAM 

INO 

IN1 

IN2 

IN3 

IN4 

INS 

IN6 

IN7 

ADDRO 
ADDR1 
ADDR2 

ADDRESS 
LATCH ENAOLE 

ADDRESS 
LATCH 
AND 

DECODER 

AID WITH 
SAMPLE/HOLD 

FEATURES 
• Conversion time 
• Total unadjusted error 
• No missing codes 

6.6p.s 
± 1/2LSB or ± 1 LSB 

• Sample and hold 390ns acquisition 
• Capable of digitizing a 5V, 50kHz sine wave 
• B-input multiplexer 
• OV to 5V analog input range with single 5V 

power supply 
• Operates ratiometrically or with up to 5V 

voltage reference 
• No zero or full scale adjust required 
• Analog input protection 25mA per input min 
• Low power dissipation 3mA max 
• TIL and CMOS compatible digital inputs and 

outputs 
• Standard 2B-pin DIP or surface mount PCC 
• Superior pin compatible replacement for ADCOBOB 

andADCOB09 

START CLOCK 

080 
Din 

THREE 002 
STATE 003 

OUTPUT 
004 LATCH 

OUFFER 005 
006 
007 

I I L _______ J 

Vee GND + VR" - VR" OUTPUT 
ENAOLE 
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PIN CONNECTIONS 

ML2258 
28-PIN DIP 

IN2 

INl 

INO 

ADDRO 

ADDRl 

ADDR2 

EOC ALE 

DB7 

DB6 

elK DBS 

Vee DB4 

+VREF DBO 

GND -VREF 

DBl DB2 

TOPVIEW 

PIN DESCRIPTION 
PIN NO. NAME FUNCTION PIN NO. NAME 

IN3 Analog input 3. 13 GND 
2 IN4 Analog input 4. 
3 INS Analog input 5. 
4 IN6 Analog input 6. 14 DB1 

5 IN7 Analog input 7. 15 DB2 

6 START Start of conversion. Active high 16 -VREF 

digital input pulse initiates 17 DBO 
conversion. 18 DB4 

7 EOC End of conversion. This output goes 19 DB5 
low after a START pulse occurs, stays 20 DB6 
low for the entire AID conversion, 
and goes high after conversion is 

21 DB7 

completed. Data on DBO-DB7 is 22 ALE 

valid on rising edge of EOC and stays 

8 DB3 
valid until next EOC rising edge. 
Data output 3. 23 ADDRO 

9 OE Output enable input. When OE-O, 
DBO-DB7 are in high impedance 
state; OE-1, DBO-DB7 are active 24 ADDR1 

outputs. 
10 ClK Clock. Clock input provides timing 

for AID converter, S/H, and digital 25 ADDR2 

interface. 

11 Vee 
12 +VREF 

Positive supply. 5V ± 1 0%. 
Positive reference voltage. 

26 INO 
27 IN1 
28 IN2 

'Micro Linear 

Ml2258 

ML2258 
28-PIN pcc 

TOPVIEW 

ADDRO 

ADDRl 

ADDR2 

ALE 

DB7 

DB6 

DBS 

FUNCTION 
Ground. OV, all analog and digital in-
puts or outputs are reference to this 
point. 
Data output 1. 
Data output 2. 
Negative reference voltage. 
Data output O. 
Data output 4. 
Data output 5. 
Data output 6. 
Data output 7. 
Address latch enable. Input to latch 
in the digital address (ADDR2-0) on 
the rising edge of the multiplexer. 
Address input 0 to multiplexer. 
Digital input for selecting analog 
input. 
Address input 1 to multiplexer. 
Digital input for selecting analog 
input. 
Address input 2 to multiplexer. 
Digital input for selecting analog 
input. 
Analog input O. 
Analog input 1. 
Analog input 2. 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

OPE RAT I NG CON DITIONS 
Supply Voltage, Vcc ...................... 4.5VDC to 6.3VDC 

Supply Voltage, V cc ................................. 6.5V Temperature Range (Note 3) ................ TMINSTASTMAX 

Voltage 
Logic Inputs. " ...................... -0.3V to Vcc +O.3V 
Analog Inputs ....................... -O.3Vto Vcc+O.3V 

Input Current per Pin (Note 2) .... "'" ........ '" .. ±25mA 

ML2258BMJ, ML2258CM) .............. -55°Cto + 125°C 
ML2258BI), ML2258BIP 
ML2258BIQ, ML2258CI) 
ML2258C1P, ML2258C1Q ................ -40°C to +85°C 

Storage Temperature .................... -65°C to + 150°C 
Package Dissipation 

at TA ~25°C (Board Mount) ...................... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Plastic) ...................... 260°C 
Dual-In-Line Package (Ceramic) .................... 300°C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) ........................... 215°C 
Infrared (15 sec.) ............................... 220°C 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified, TA ~ T MIN to T MAX, VCC~ + VREF~ SV± 10%, - VREF~GND and fClK ~ 1O.24MHz 

PARAMETER CONDITIONS UNITS 
Converter and Multiplexer 
Total Unadjusted Error 5,7 VREF~VCC ±1/2 ±1 LSB 
+ VREF Voltage Range 6 -VREF Vcc+ 0.1 -VREF Vcc+ 0.1 V 
- VREF Voltage Range 6 GND-0.1 +VREF GND-0.1 +VREF V 
Reference Input Resistance 5 14 20 28 14 20 28 kG 
Analog Input Range 5,8 GND-0.1 Vcc+ 0.1 GND-0.1 Vcc+ 0.1 V 
Power Supply Sensitivity 6 DC ± 1/32 ±1/4 ±1/32 ±1/4 LSB 

Vcc~5V±1O% 

100mVp-p ±1/16 ±1/16 LSB 
100kHz Sine on V cc, 
VIN~O 

IOFF' Off Channel Leakage 5,9 On Channel~Vcc -1 -1 /LA 
Current (Note 9) Off Channel ~ OV 

On Channel ~ OV 1 1 /LA 
Off Channel ~ V CC 

ION, On Channel Leakage 5,9 On Channel~OV -1 -1 !LA 
Current (Note 9) OffChannel~Vcc 

On Channel ~ V cc 1 1 !LA 
Off Channel ~ OV .. 

Digital and DC 
VIN(l), Logical "1" Input 5 2.0 2.0 V 
Voltage 

VIN(O), Logical "0" Input 5 0.8 0.8 V 
Voltage 

IIN(l), Logical "1" Input 5 VIN~VCC 1 1 !LA 
Current 

IIN(O), Logical "0" Input 5 VIN~OV -1 -1 /LA 
Current 

VOUT(1), Logical "1" 5 IOUT~ -2mA 4.0 4.0 V 
Output Voltage 

VOUT(O)' Logical "0" 5 louT~2rnA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output 5 VOUT~OV -1 -1 /LA 
Current VOUT~VCC 1 1 /LA 
Icc, Supply Current 5 1.5 3 1.5 3 rnA 
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Ml2258 

ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS 
AC and Dynamic Performance Characteristics (Note 10) 

tACQ Sample and Hold AcquIsition 4 

fClK Clock Frequency 5 100 10240 

tc Conversion Time 5 67 67 +250ns 
SNR Signal to Noise Ratio V1N -51 kHz, 5V Sine. 47 

fClK - 10.24MHz 
(fSAMPLING = 150kHz). Noise IS Sum of 
All Nonfundamental Components up 
to 1/2 off SAMPLING 

THD Total Harmonic Distortion VIN-51 kHz, 5V Sine. -60 
fClK -1 0.24MHz 
(fSAMPLING = 150kHz). THD IS Sum of 
2,3,4,5 Harmonics Relative to 
Fundamental 

IMD Intermodulation Distortion V1N-fA +fs. fA-49kHz, 2.5V Sine. -60 
fs -47.8kHz, 2.5V Sine, 
fClK -l0.24MHz 
(fSAMPLING = 150kHz). IMD IS (fA +fs), 
(fA-fs), (2fA+fs), (2fA-fs), (fA + 2fs), 
(fA - 2fB) Relative to Fundamental 

FR Frequency Response V1N - 0 to 50kHz. 5V Sine Relative to 0.1 
1kHz 

tDC Clock Duty Cycle 6,11 40 60 

tEOc End of Conversion Delay 5 8 8+250ns 

tws Start Pulse Width 5 50 

tss Start Pulse Setup Time 6,12 Synchronous Only 40 

tWAlE Address Latch Enable Pulse Width 5 50 

ts Add ress Setu p 5 0 

tH Address Hold 5 50 

tHI, HO Output Enable for DBO-DB7 6 Figure 1, Cl - 50pF 100 
6 Figure 1, Cl -lOpF 50 

tIH,OH Output Disable for DBO-DB7 6 Figure 1, Cl - 50pF 200 

6 Figure 1, Cl -1 OpF 100 
C1N Capacitance of Logic Input 5 

Caul Capacitance of Logic Outputs 10 

Note 1: Absolute maximum rallngs are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 
otherwise specified are measured with respect to ground. 

UNITS 

l/fclK 
kHz 

l/fclK 
dB 

dB 

dB 

dB 

% 

l/fClK 
n, 

m 
n~ 

ns 
ns 

ns 
ns 

ns 
ns 
pF 
pF 

Note 2: When the input voltage (V1N) at any pin exceeds the power supply rails (V1N <V- or V1N >V+) the absolute value of current at 
that pin should be limited to 25mA or less. 
Note 3: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test 
conditions. - 40°C to + 85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 
Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Total unadjusted error Includes offset, full scale, linearity, multiplexer and sample and hold errors. 
Note 8: For - VREF 2: V 1N( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will 
forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, 
duringteSllng at low Vcc levels (4.5V), as high level analog inputs (5V) can cause thiS input diode to conduct-espeCially at elevated 
temperatures, and cause errors for analog inputs near full scale. The spec allows 1 OOmV forward bias of either diode. This means that as 
long as the analogVIN or VREF does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an 
absolute OVDC to 5VDC input voltage range will therefore require a minimum supply voltage of 4.900VDC over temperature variations, 
initial tolerance and loading. 
Note 9: leakage current IS measured with the clock not switching. 
Note 10: Cl -50pF, timing measured at 50% point. 
Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a 
duty cycle outside of these limits, the minimum time the clock IS high or the minimum time the clock is low must be at least 40ns. The 
maximum time the clock can be high or low is 60"s. 
Note 12: The conversion start setup time reqUirement only needs to be satisfied if a conversion must be synchronized to a given clock 
rising edge. If the setup time IS not met, start conversion will have an uncertainty of one clock pulse. 
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Figure 1. High Impedance Test Circuits and Waveforms 
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Figure 2. Linearity Error vs fCLK 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 4. Unadjusted Offset Error vs VREF Voltage 
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Ml2258 

1.0 FUNCTIONAL DESCRIPTION 
1.1 MUlTIPLEXERADDRESSING 
The ML2258 contains an 8-channel single ended analog 
multiplexer. A particular input channel is selected by using 
the address decoder. The relationship between the ad­
dress inputs, ADDRO-ADDR2, and the analog input se­
lected is shown in Table 1. The address inputs are latched 
into the decoder on the rising edge of the add ress latch 
signal ALE. 

Table 1. Multiplexer Address Decoding 

SELECTED ADDRESS INPUT 
ANALOG CHANNEL ADDR2 ADDRl ADDRO 

INO 0 0 0 
IN1 0 0 1 
IN2 0 1 0 
IN3 0 1 1 
IN4 1 0 0 
INS 1 0 1 
IN6 1 1 0 
IN7 1 1 1 

1.2 AlDCONVERTER 
The AID converter uses successive approximation to per­
form the conversion. The converter is composed of the 
successive approximation register, the DAC and the 
comparator. 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is com­
posed of a capacitor upper array and a resistor lower 
array. The capacitor upper array generates the 4 MSB deci­
sion levels while the series resistor lower array generates 
the 4 lSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 

The capacitor/resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required be­
tween 24 ~ 16 elements (as opposed to 28~ 256 elements in 
conventional designs). And since the levels are based on 
the ratio of capacitors to capacitors and resistors to resis­
tors, the accuracy and long term stability of the converter 

l~llfClK 
elK 

tss---.j 

~ 
~tws-

START 

ALE _II 
tWALE~ 

4 I ~Sl-~H tmc 

AODRO-ADDR2 

EOe . Ie 

is improved. This also guarantees monotonicity and no 
missing codes, as well as eliminating any linearity tem­
perature or power supply dependence. 

The successive approximation register is a digital block 
used to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differen­
tial and auto zeroed. The fully differential architecture pro­
vides excellent noise immunity, excellent power supply 
rejection, and wide common mode range. The compara­
tor is auto zeroed at the start of each conversion in order 
to remove any DC offset and full scale gain error, thus im­
proving accuracy and linearity. 

Another advantage of the capacitor array approach used 
in the Ml2258 over conventional designs is the inherent 
sample and hold function. This true S/H allows an accu­
rate conversion to be done on the input even if the analog 
signal is not stable. linearity and accuracy are maintained 
for analog signals up to 1/2 the sampling frequency. As a 
result, input signals up to 75kHz can be converted without 
degradation in linearity or accuracy. 

The sequence of events during a conversion is shown in 
Figure 5. The rising edge of a START pulse resets the in­
ternal registers and the falling edge initiates a conversion 
on the next rising edge of ClK. Four ClK pulses later, sam­
pling of the analog input begins. The input is then sampled 
for the next four ClK periods until EOC goes low. EOC 
goes low on the rising edge of the 8th ClK pulse indicating 
that the conversion is now beginning. The actual conver­
sion now takes place for the next 56 ClK pulses, one bit 
for each 7 ClK pulses. After the conversion is done, the 
data is updated on DBO-DB7 and EOC goes high on the 
rising edge of the 67th ClK pulse, indicating that the 
conversion has been completed and data is valid on 
DBO-DB7. The data will stay valid on DBO-DB7 until the 
next conversion updates the data word on the next rising 
edgeofEOC. 

A conversion can be interrupted and restarted at any time 
by a new START pulse. 

I 

L 
1 '8 ,_ 

OBO-DB7 _____________ P_RE_V_'O_US_D_AI_A ________ --j, ~ DATA '>r---( 
-a..ltDl:I~EN-1 r­

'~ OE 

Figure 5. Timing Diagram 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

1.3 ANALOG INPUTS AND SAMPLE/HOLD 
The Ml2258 has a true sample and hold circuit which 
samples both the selected input and ground simultane­
ously. This simultaneous sampling with a true 5tH will give 
common mode rejection and AC linearity performance 
that is superior to devices where the two input terminals 
are not sampled at the same instant and where true sample 
and hold capability does not exist. Thus, the Ml2258 can 
reject AC common mode signals from DC-50kHz as well 
as maintain linearity for signals from DC-50kHz. 

The plot below (Figure 6) shows a 2048 point FFT ofthe 
Ml2258 converting a 50kHz, 0 to 5V, low distortion sine 
wave Input. The Ml2258 samples and digitizes, at its 
specified accuracy, dynamic input signals with frequency 
components up to the Nyquist frequency (one· half the 
sampling rate). The output spectra yields precise measure­
ments of input signal level, harmonic components, and 
signal to noise ratio up to the 8-bit level. The near ideal 
signal to noise ratio is maintained independent of increas­
ing analog input frequencies to 50kHz. 

The signal at the analog input is sampled during the inter­
val when the sampling switch is open prior to conversion 
start. The sampling window (5tH acquisition time) is 4 ClK 
periods long and occurs 4 ClK periods after START goes 
low. When the sampling switch closes at the start ofthe 
5tH acquisition time, 8pF of capacitance is thrown onto 
the analog input. 4 ClK periods later, the sampling switch 
opens, the signal present at analog input is stored and con­
version starts. Since any error on the analog input at the 
end of the 5tH acquisition time will cause additional con­
version error, care should be taken to insure adequate set­
tling and charging time from the source. If more charging 
or settling time is needed to reduce these analog input er­
rors, a longer ClK period can be used. 
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The Ml2258 has improved latchup immunity. Each analog 
input has dual diodes to the supply rails, and a minimum 
of ±25mA (± 100mA typically) can be injected into each 
analog input without causing latchup. 

1.4 REFERENCE 

The voltage applied to the + VREF and - VREF inputs de­
fines the voltage span of the analog input (the difference 
between VINMAX and VINMIN) over which the 256 possible 
output codes apply. The devices can be used in either ra­
tiometric applications or in systems requiring absolute ac­
curacy. The reference pins must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 20k. 

In a ratiometric system, the analog input voltage is propor­
tional to the voltage used for the AtD reference. This volt­
age is typically tlie system power supply, so the + VREF pin 
can be tied to Vee and -VREFtied to GND. This technique 
relaxes the stability requirements of the system reference 
as the analog input and AtD reference move together 
maintaining the same output code for a given input 
condition. 

For absolute accuracy, where the analog input varies be­
tween specific voltage limits, the reference pins can be 
biased with a time and temperature stable voltage source. 

In contrast to the ADC0808 and ADC0809, the Ml2258 
- VREF and + VREF reference values do not have to be sym­
metric around one half of the supply. + VREF and - VREF 
can be at any voltage between Vee and GND. In addition, 
the difference between + VREF and - VREF can be set to 
small values for conversions over smaller voltage ranges. 
Particular care must be taken with regard to noise pickup, 
circuit layout and system error voltage sources when 
operating with a reduced span due to the increased 
sensitivity of the converter. 

37.5 
FREQUENCY (kHz) 

75 

Figure 6. Output Spectrum 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

1.5 POWER SUPPLY AND REFERENCE DECOUPLING 
A lOJLF electrolytic capacitor is recommended to bypass 
Vee to GND,.using as short a lead length as possible. In 
addition, with clock frequencies above 1 MHz, a O.ljLF 
ceramic disc capacitor should be used to bypass Vee to 
GND. 

If REF + and REF - inputs are driven by long lines, they 
should be bypassed by O.ljLF ceramic disc capacitors at 
the reference input pins (pins 12, 16). 

1.6 DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 
Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output ofthe converter. The signal is the rms magni­
tude ofthe fundamental. Noise is the rms sum of all the 
nonfundamental signals up to half the sampling frequency. 
SNR is dependent on the number of quantization levels 
used in the digitization process; the more levels, the 
smallerthe quantization noi'se. The theoretical SNR for a 
sine wave is given by 

SNR- (6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal 8-bit con­
verter, SNR-49.92dB. 

Harmonic Distortion 
Harmonic distortion is the ratio of the rms sum of harmon­
ics to the fundamental. Total harmonic distortion (THO) of 
the Ml2258 is defined as 

where V1 is the rms amplitude of the fundamental and V2, 
V3, V 4, Vs are the rms amplitudes of the individual 
harmonics. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fA 
and fB' any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and difference 
frequencies of mfA + nfB' where m,n -0,1,2,3, .... Inter­
modulation terms are those for which morn is not equal 
to zero. The Ml2258 (lMD) intermodulation distortion 
specification includes the second order terms (fA + fB) and 
(fA - fB) and the third order terms (2fA + fB), (2fA - fB), 
(fA + 2fB) and (fA-2fB) only. 

1.7 DIGITAL INTERFACE 
The analog inputs are selected by the digital addresses, 
ADDRO-ADDR2, and latched on the rising edge of ALE. 
This is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START 
pulse. As long as this pulse is high, the internal logic is 
reset. 

The sampling interval starts with the 4th ClK rising edge 
after a START falling edg~ and ends on the 8th rising edge 
of CLK, 4 CLK periods later. On the rising edge of the 8th 
ClK pulse, the conversion starts and EOC goes low. 

Each bit conversion in the successive approximation proc­
ess takes 7 ClK periods. On the rising edge of the 64 ClK 
pulse, the digital output of the conversion is updated on 
the outputs DBO-DB7. On the rising edge of the 65th CLK 
pulse, EOC goes high indicating the conversion is done 
and data on DBO-DB7 is valid. 

One feature of the Ml2258 over conventional devices is 
that the data is double buffered. This means that the out­
puts DBO-DB7 will stay valid until updated at the end of 
the next conversion and will not become invalid when the 
next conversion starts. This facilitates interfacing with ex: 
ternallogic of JLP. 

The signal OE drives the data bus, DBO-DB7, into the high 
impedance state when held low. This allows the Ml2258 
to be tied directly to a jLP system bus without any latches 
or buffers. 
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2.0 TYPICAL APPLICATIONS 
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ORDERING INFORMATION 
ALTERNATE TOTAL TEMPERATURE 

PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE 
ML2258BMJ ADC0808Cj -55°Cto + 125°C Hermetic DIP 
ML2258BIJ A DC0808CCJ ± li2LSB -40°C to +85°C Hermetic DIP 
ML2258BIP ADC0808CCN -40°Cto +85°C Molded DIP 
ML2258BIQ ADC0808CCV -40°C to +85°C Molded (PCC) 
ML2258C1J -40°C to +85°C Hermetic DIP 
ML2258C1P ADC0809CCN ±lLSB - 40°C to + 85°C Molded DIP 
ML2258C1Q ADC0809CCV - 40°C to + 85°C Molded (PCC) 
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PRELIMINARY 

ML2261 

pP Compatible High-Speed 8-Bit 
AID Converter with T/H (S/H) 

GENERAL DESCRIPTION 
The ML2261 is a high-speed, f.lP compatible 8-bit AID 
converter with a conversion time of 670ns over the 
operating temperature range and supply voltage 
tolerance. The ML2261 operates from a single 5V 
supply and has an analog input range from GND to 
Vee· 

The ML2261 has two different pin selectable modes. 
The TIH mode has an internal track and hold. The SIH 
mode has a true internal sample and hold and can 
digitize 0 to 5V sinusoidal signals as high as 500kHz. 
Timing is compatible with the AD7821. 

The ML2261 digital interface has been designed so that 
the device appears as a memory location or 1/0 port 
to a f.lP. 

The ML2261 is an enhanced, pin compatible second 
source for the industry standard ADC0820 and AD7820. 
The ML2261 enhancements are faster conversion time, 
parameters guaranteed over the supply tolerance and 
temperature range, improved digital interface timing, 
superior power supply rejection, and better latchup 
immunity on analog inputs. 

BLOCK DIAGRAM 

SHim 

OFL 

DECODE 087 
LOGIC, 

DBG lATCH 
& DBS 

THREE DB4 
STArE DBl OUTPUT 

BUFFER DB2 
OBI 
DBO 

1 ri TIMING ~INT & 
CONTROL 

J r J SH/fil MODE Cs WR/RDY iW 

FEATURES 
• Conversion time, WR-RD mode over temperature 

and supply voltage tolerance 
Track & Hold Mode .................... 800ns max 
Sample & Hold Mode ................. 670ns max 

• Total unadjusted error ......... ±1/2 LSB or ±1 LSB 
• Digitizes a 5\1, 250kHz sine wave to 8-bit accuracy 
• No missing codes 
• OV to 5V analog input range with single 5V power 

supply 
• No zero or full scale adjust required 
• Analog input protection ....... " . . . . . . .. 25mA min 
• Operates ratiometrically or with up to 5V voltage 

reference 
• No external clock required 
• Easy interface to pP' or operates stand alone 
• Power-on reset circuitry 
• Low power ..................................... 75mW 
• Standard 20-pin DIP or surface mount PCC 
• Superior pin compatible replacement for ADC0820 

and AD7820 

PIN CONNEOIONS 

20-Pin DIP 20-Pin pee 

Y,N Vee 080 Vee 

080 SHim 081 Y,N I SH/fil 

081 OFL 3 2 1 20 
DB2 4 00: 

DB2 DB7 
DB3 DB7 

DB3 DB6 

WR/RDY 
WR/RDY G DBG 

DBS 

MODE DB4 
MODE DBS 

iW Cs iW 084 
9 10 11 12 

INT +VREF 
INT I-VREF I Cs 

GND -VREF GND +VREF 

TOP VIEW TOP VIEW 
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PIN DESCRIPTION 
PIN NO. NAME FUNOION PIN NO. NAME FUNOION 

VIN Analog input. 10 GND Ground. 

2 DBO Data output - bit 0 (lSB). 11 -VREF Negative reference voltage for 

3 DB1 Data output - bit 1. AID converter. 

4 DB2 Data output - bit 2. 12 +VREF Positive reference voltage for 
AID converter. 

5 DB3 Data output - bit 3. 
CS Chip select input. This pin must 13 

6 WR/RDY Write input or ready outP...!!Lln be held low for the device to 
WR-RD mode, this pin is WR perform a conversion. 
input. In RD mode, this pin is 

14 DB4 Data output - bit 4. RDY open drain output. See 
Digital Interface section. 15 DB5 Data output - bit 5. 

7 MODE Mode select input. 16 DB6 Data output - bit 6. 
MODE = GND: RD mode 17 DB7 Data output - bit 7 (MSB). 
MODE = Vee: WR-RD mode 

Pin has internal current source 18 OFL Overflow output. This output 

pulldown to GND. goes low at end of conversion 

8 RD Read input. In RD mode, this 
if VIN is greater than 
+V REF - Y2lSB. 

pin initiates a conversion. In 
19 SH/TH S/H~H mode select. When WR-RD mode, this pin latches 

data into output latches. See SH/TH = Vee, the device is in 

Digital Interface section. samJili! and hold mode. When 

9 INT Interrupt output. This output 
SH/TH = GND, the device is in 
track and hold mode. Pin has 

signals the end of a conversion internal pulldown current 
and indicates that data is valid source to GND. 
on the data outputs. See Digital 

20 Vee Positive supply. +5 volts ± 5%. Interface section. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vcc ....................... 4.5Voc to 6.0Voc 
Supply Voltage, Vcc .................................... 6.5V Temperature Range (Note 3) .............. T MIN::; T A ::; T MAX 

Voltage Ml2261BMJ, Ml2261CMJ ................. -55°C to +125°C 
logic Inputs ........................... -O.3V to Vcc + O.3V Ml2261BIj, Ml2261CIj ..................... -40°C to +85°C 
Analog Inputs ......................... -O.3V to Vcc + O.3V Ml2261 BCQ, Ml2261CCQ 

Input Current per Pin (Note 2) ...................... ±25mA Ml2261BCp, Ml2261CCP ..................... DoC to +70°C 
Storage Temperature ....................... -65°C to +150°C 
Package Dissipation 

at T A = 25°C (Board Mount) ....................... 875mW 
lead Temperature (Soldering 10 sec.) 

Dual-In-line Package (plastic) ........................ 260°C 
Dual-In-line Package (Ceramic) ..................... 300°C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared (15 sec.) .................................. 220°C 
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ELEaRICAL CHARAaERISTICS 
Unless otherwise specified, TA = TMIN to TMAJ<, Vee = +VREF = 5V ± 5%/ and -VREF = GND 

ML2261XCX ML2261XIX, ML2261XMX 

PARAMETER NOTES CONDITIONS MIN I (N!:4) I MAX MIN I (N!: 4) I MAX UNITS 

Cooverter 

Total Unadjusted Error 
M12261BXX 5/7 VREF = Vee ±1/2 ±1/2 LSB 
ML2261CXX ±1 ±1 LSB 

+VREF Voltage Range 6 -VREF Vee+0.1 -VREF Vee+0.1 V 

-VREF Voltage Range 6 GND-0.1 +VREF GND-0.1 +VREF V 

Reference Input 5 1 2 3 1 2 3 kO 
Resistance 

Analog Input Range 5/8 GND-0.1 Vee+0.1 GND-0.1 Vee+0.1 V 

Power Supply Sensitivity 5 DC ±1/32 ±1/4 ±1/32 ±1/4 LSB 
Vee = 5V ± 5%/ VREF = 4.75V 

100rnVp-p ±1/16 ±1/16 LSB 
100kHz sine on Veo 
VIN = 0 

Analog Input Leakage 5/9 Converter Idle -1 +1 -1 +1 jJA • Current 

Analog Input Capacitance During Acquisition Period 45 45 pF 

Digital and DC 

VIN(1, Logical "1" Input WR, RD, CS 2.0 2.0 V 
5 

Voltage MODE, SH/TH Vee-0.5 Vec-O.5 V 

VIN(O, Logical "0" Input WR, RD, CS 0.8 0.8 V 
5 

Voltage MODE, SHITH 0.5 0.5 V 

IIN(1)r Logical "1" WR, RD, CS 1 1 jJA 
5 VIH = Vee Input Current MODE, SH/TH 15 50 150 15 50 150 p.A 

IIN(O)r Logical "0" WR, RD, CS -1 -1 jJA 
5 VIL = GND 

Input Current MODE, SHITH -20 -20 p.A 

VOUT(1, Logical "1" 5 lOUT = -2rnA 4.0 4.0 V 
Output Voltage 

VOUT(O)r Logical "0" 5 lOUT = 2rnA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output VOUT = OV -1 -1 p.A 
5 

Current VOUT = Vee 1 1 p.A 

CoUT, Logic Output 5 5 pF 
Capacitance 

CIN, logic Input 5 5 pF 
Capacitance 

leo Supply Current 5 CS = WR = RD = "1" 10 16 10 17.5 rnA 
No Output Load 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJ(, Vee = +VREF = SV ± 5%, -VREF = GND, and timing measured at 1.4Y, 
CL = 100pF. 

ML2261XCX ML2261XIX, ML2261XMX 

PARAMETER NOTES CONDITIONS MIN I (N::4) I MAX MIN I (N:: 4) I MAX UNITS 

AC and Dynamic Perfonnance (Note 9) 

tCRO, Conversion Time, 5 RD to INT, MODE = OV 1020 1100 ns 
Read Mode 

tCWR-RO, Conversion Time, 5,9 WR Falii.r:!fL 
SHITH=Vcc 670 725 ns 

Write-Read Mode Edge to INT, 

tRO < tiNT, -
MODE = Vcc SH/TH=GND 800 880 ns 

SNR, Signal to Noise Ratio VIN = 5V, 250kHz 48 48 dB 
Noise is sum of all 
nonfundamental 
components 
from 0-500kHz. -
SHITH = Vcc, MODE = Vcc 
fSAMPLING = 1 MHz 

HD, Harmonic Distortion VIN = 5V, 250kHz -63 -63 dB 
THD is sum of 2-5th 
harmonics relative to 
fundamental. 
SH/TH = Vce. MODE = Vcc 
fSAMPLING = 1 MHz 

IMD, Intermodulation fa = 2.5V, 250kHz -60 -60 dB 
Distortion fb = 2.5V, 248kHz 

1MB is (fa + fb), (fa - fb), 
(2fa + fb), (2fa - fb), 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
SH/TH = Vce. MODE = Vcc 
fSAMPLING = 1 MHz 

FR, Frequency Response VIN = 5V, 0-250kHz ±0.1 ±0.1 dB 
Relative to 1 kHz 
SH/TH = Vce. MODE = Vcc 
fSAMPLING = 1 MHz 

SH/TH = Vcc 4.0 4.0 V/flS 
SR, Slew Rate Tracking 6 

SHITH = GND .25 .25 V/flS 

AC Performance Read Mode (Pin 7 = Oy), Figure 2 

tROY, CS to RDY Delay 5 0 50 0 55 ns 

tROD, RD low to 5,10 Figure 1 1020 1100 ns 
RDY Delay 

tcss, CS to RD, WR 5 0 0 ns 
Setup Time 

tCSH, CS to RD, WR 5 0 0 ns 
Hold Time 

tCRD, Conversion Time - 5,10 1020 1100 ns 
RD low to INT low 
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ElEaRICAl CHARAaERISTICS (Continued) 
Unless otherwise specified, TA = T MIN to T MAl(, Vee = +VREF = 5V ± 5%, -VREF = GND, and timing measured at 1.4V, 
Cl = 100pF 

ML2261XCX ML2261XIX, ML2261XMX 

PARAMETER NOTES CONDITIONS MIN I (N~': 4) I MAX MIN I (N:: 4) I MAX UNITS 

AC Performance Read Mode (Pin 7 = OV), Figure 2 (Continued) 

tACOn Data Access Time 5 tCRD tCRD+30 tCRD tCRD+30 ns 
RD to Data Valid 

tRDPW, RD Pulse Width 5 tcRD+30 tCRD+30 ns 

tINTH, RD to INT Delay 5,10 0 60 0 70 ns 

tDH, Data Hold Time - 6,10 Figure 1 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tp, Delay Time Between 5,10 Sam~e & Hold Mode, 300 325 ns 
Conversions - INT low SH/TH = Vcc 
to RD low 

~ 

Track & Hold Mode, 240 260 ns 
SH/TH = GND 

AC Performance Write-Read Mode (Pin 7 = 5V), Figures 3 and 4 

tcss, CS to RD, WR 5 0 0 ns 
Setup Time 

tCSH, CS to RD, WR 5 0 0 ns 
Hold Time 

- 5 SH/TH = Vcc 180 50K 195 50K ns 
tWRf WR Pulse Width 

6 SH/TH = GND 320 50K 360 50K ns 

tRD, Read Time - WR 5 tRD < tlNTl 275 300 ns 
High to RD low Delay 

tRI, RD to INT Delay 5,10 tRD < tlNTl 0 215 0 230 ns 

tAC.c1L Data Access Time 5 tRD < tlNTl 0 220 0 240 ns 
- RD low to Data Valid 

tCWR-Ro, Conversion Time 5,9,10 tRD < tiNT!; SHITH = Vcc 670 725 ns 
- WR Falling Edge to 
INT low 6,9,10 tRD < tiNT!; SHITH = GND 800 880 ns 

tiNT!; Internal Comparison 5,10 tRD > tlNTl 620 670 ns 
Time - WR Rising Edge 
to INT low 

tACQc. Data Access Time 5 tRD > tlNTl 0 50 0 60 ns 
- RD to Data Valid 

.!mJ, Data Hold Time - 6,10 Figure 1 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tINTH, RDt to tNTt Delay 5,10 0 60 0 70 ns 

tp, Delay Time Between 5,10 Sam~ & Hold Mode, 300 325 ns 
Conversions - INT low SH/TH = Vcc 
to WR low 

Track & Hold Mode, 240 260 ns 
SH/TH = GND 

tlHWRf WRt to INT! Delay 5,10 Standalone Mode 0 90 0 100 ns 

tlo, INTI to Data 5,10 Standalone Mode 0 20 0 30 ns 
Valid Delay 
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Note 1: Absolute maximum ratings are limits beyond which the hfe of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the voltage at any pin exceeds the power supply ralls (V,N < GND or Y'N > Vccl the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°C to +125°C operating temperature range deVICes are 100% tested at temperature extremes with worst-case test conditions. 
DoC to +70°C and _40DC to +85°C operating temperature range deVices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25'C, 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. Total unadjusted error IS tested at the 

minimum speCified times for WR, RD, tRI' and tp. For example, for the ML2261XCX in the sample and hold mode, WRfRD mode: tWR = 

180ns, tRD = 275ns With a frequency of 1.031MHz (cycle time of 970ns). 
Note 8: For -VREF "" Y,N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog Input which Will forward conduct 

for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, dUring testing at 
low V cc levels (4.5V), as high level analog inputs (5V) can cause this Input diode to conduct - espeCially at elevated temperatures, and 
cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog 
Y'N or VREF does not exceed the supply voltage by more than 100mY, the output code will be correct. To achieve an absolute OVDC to 
SVoc input voltage range will therefore require a minimum supply voltage of 4.900VDC over temperature variations, mitial tolerance and 
loading. 

Note 9: Conversion time, write-read mode = tWR + tRD + tRio 

Note 10: Defined from the time an output crosses O.BV or 2.4V. 

DATA 
OUTPUT~ 

10PFT Skl 

Vee 

~ DATA 
OUTPUT 

10PFT 

OUTPUT 
ENABLE 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

Vee 90% 

tOH fG: Vee 

VOL VOl+l00mV 

Figure 1. High Impedance Test Circuits and Waveforms 

2-110 
'Micro Linear 



ROY 

OBO-OB7 

, , 
'--- ...... 

-J. 

• IN SAMPLE & HOLD MODE A PULL UP RESISTOR 
ON ROY SHOULD NOT BE USED UNLESS 
CS~ IS :::: 20ns BEFORE RDt 

Figure 2. RD Mode Timing 

Figure 3. WR-RD Mode Timing (tRD > tlNn) 

ML2261 

OBO-OB7 ---______ _ 

Figure 4. WR-RD Mode Timing (tRD < tlNn) 

-(.-tID 

OBO-OB7 )>-____ . VALlO)-
______ -'. ___ O~A~rA~J. 

Figure 5. WR-RD Mode Stand-Alone Timing CS = RD = 0 
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1.0 FUNOIONAL DESCRIPTION 
The ML2261 uses a two stage flash technique for AID 
conversion. This technique first performs a 4 bit flash 
conversion on VIN to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. An additional overrange function 
detects if VIN is greater than +VREF - V2LSB. 

1.1 ANALOG INPUT 

The analog input on the ML2261 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The equivalent input circuit for the converter is shown 
in Figu~. When the conversion starts in the T/H 
mode (WRI in the WR-RD mode or RDI in the RD 
mode) Sl, S4 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, VIN is 
connected to the 16 MSB and 15 LSB comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined RON resistance of the internal 
analog switches plus any external source resistance, Rs. 
In addition, there is a stray capacitance of approximately 
11 pF that needs to be charged through the external 
source resistance Rs. This period ends in the WR-RD 
mode when WRI or by an internal timer in the RD 
mode. At this point Sl and S4 open and the analog 
input at VIN is no longer being sampled; thus during 
this time the analog voltage on VIN does not affect 
converter performance. 

51 

VIN -vR",s .... _-VR~V'Nv-"" ~~ ~~~ 
TOM5 ~OJ ~··I'* '\ 

LADDER S2 • ':' ! 53 

16 M5B COMPARATORS 

54 

RoN :r1'3~4PF 3.6K 
6.4K • 1 pF RON 

TO L5 ----<:X'. : I 56 
LADDER S5 ~.65PF ':' ~ 

15 LSB COMPARATORS 

Figure 6. Converter Equivalent Input Circuit 

As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acq u isition period. The sou rce of the external signal on 
VIN must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least SOns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finite~arging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 

When the ML2261 operates in the S/H mode (pin 19 = 
V cd both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or samRfu!g period. This period starts after 
th~ling edge of INT and ends with the falling e<!ge 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period Sl, S3, S4 and S6 close, therefore 46 
pF of input capacitance must be charged up in addition 
to the 11 pF of stray capacitance. 

1.2 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2261 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
tracking it as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2261 can track and hold signals with 
slew rates as high as .25VlJis (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The ML2261 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically 
digitize signals of frequencies much higher than the 
T/H mode. The ML2261 in S/H mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4V/J1S) without sacrificing conversion 
accuracy. In most applications, the S/H mode is more 
desirable than T/H mode because of the better dynamic 
performance. 
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1.2.1 CONVERfER - T/H MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 7a'-'!!!.tially, the internal comparators 
are auto-zeroed while WR is hl&!:!,.A conversion is 
initiated by the falling edge of WR. While WR is low, 
the M5B comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the input is 
being acquirecLQL sampled by L5B comparators. On the 
rising edge of WR, the M5B comparator results are 
latched, and the L5B acquisition time is ended by 
closin&Jb!! sampling switch to the L5B comparators. 
While WR is high, the L5B comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's. When the 
L5B comparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latches. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, exceillhe 
conversion is initiated by the falling edge of RD, and 
the M5B and LSB conversions are generated by internal 
clock edges that are generated while RD is low. 

a). T/H Mode 

ML2261 

1.2.2 CONVERfER - S/H MODE 

The operating sequence for 5/H mode is illustrated in 
Figure 7b. Notice that it is similar to T/H mode 
described above except this mode has~ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 
the analog input is sampled at the same time all _ 
comparators are auto-zeroed. The falling edge of WR 
opens the internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sign~he M5B comparators make 
their decisions while WR is low. On the rising edge of 
WR, the M5B comparator results are latched. The L5B 
comparators make their decision when WR is high. 
When the L5B comparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the M5B and L5B 
conversions are generated by internal clock edges that 
are generated while RD is low. 

I" ~I" ~ I.. ~ 1 
ALL COMPAIWORS ACQUISITION LSB 

b). S/H Mode 

.. 

AUTOZEROED. PERIOD. MSB COMPAIWORS 
COMPAIWORS DECIDING. 
ARE TRACKING 
V,N. LSB 
COMPAIWORS 

1 ARE SAMPLING t t 
V,N. I I 

CONVERSION 
STARTS. 

V,N SAMPLING 
ENDS. MSB 
COMPAIWOR 
RESUIJS ARE 
lATCHED. 

\'--------JI 

iii) BROUGIfT LOW 
lATCHES LSB 
COMPAIWOR 

:~~~gs I~DLOw. 

~I 
ACQUISITION 
OR SAMPLING 
PERIOD. ALL 
COMPARArORS 
AUTOZEROED. 

MSB 
COMPARATORS 
DECIDING. 

LSB 
COMPARATORS 
DECIDING. 

CONVERSION 
STARTS. 
V,N SAMPLING 
ENDS. HOLD 
TIME STARTS. 

MSB 
COMPARArOR 
RESUIJS ARE 
LATCHED. 

iii) BROUGHT LOW 
lATCHES LSB 
COMPAIWOR 
RESUIJS AND 
BRINGS INT LOW. 

Figure 7. Operating Sequence (WR-RD Mode) 
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1.3 REFERENCE 

The +VREF and -VREF inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the NO converter. Thus, +VREF defines 
the analog input which produces a full scale output and 
-VREF defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
ND converter is shown in Figure 8. 

+VREF and -VREF can be set to any voltage between GND 
and Vee. This means that the reference voltages can be 
offset.from GND and the difference between +VREF+ and 
-VREF- can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+VREF - (-VREF)] decreases. 

OUTPUT 
CODE FULL SCALE 

::::::::j ,T/RANSI~ 
11111101 

I 
I 
I , 
I , 

I " 
I ' 

=::t ,r' 
=~n_____ I I. 

o 1LSB 2LSB'S 3LSB'S '- ~~ _ 1LSB 

AIN, INPUT VOLTAGE (IN TERMS OF LSB'S) 

Figure 8. AI D Transfer Characteristic 

1.4 POWER SUPPLY AND REFERENCE DECOUPLING 

A 0.1pF ceramic disc capacitor is recommended to 
bypass Vee to GND, using as short a lead length as 
possible. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1pF ceramic disc capacitors at 
the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 SINUSOIDAL INPUTS 

Since the M12261 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fs)' Any frequency 
componel1ts above fsl2 will be aliased below fs/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If tne input frequency is too close to fs/2, then 
the requirements on the anti-alias filter become difficult 

to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 113 to 1/4 of fmax 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) for the ML2261 in 
the WR-RD mode, (tRD < tlNn) can be calculated as 
follows: 

f = 1 
max tWR + tRD + tRI + tp 

f = 1 
max 180ns + 275ns + 215ns + 300ns 

fmax = 1.031 MHz 

tWR = Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

tRI = RD to INT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the 
ML2261. The dynamic performance specifitations (SNR, 
HD, IMD, and FR) for the ML2261 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fs. 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. 

The Figure 9 plots are 4096 point FFT's of the ML2261 
converting a 257kHz and a 491kHz, 0 to 4.5Y, low 
distortion sine wave input. The M12261 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 

. frequencies to 500kHz. 

1.5.2 SIGNAL-YO-NOISE RATIO 
Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 
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Figure 9. Dynamic Performance, Sample and Hold Mode 

1.5.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2261 is defined as 

(Vl + vi + V42 + VS2)V2 
20 log = ---='-----"-----'-----"-

Vl 

where V1 is the rms amplitude of the fundamental and 
V2, V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 

1.5.4 INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fB, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfB' where m, n = 0, 1, 
2, 3 ... Intermodulation terms are those for which m 
or n is not equal to zero. The (lMD) intermodulation 
distortion specification includes the second order terms 
(fA + fBi and (fA - fBi and the third order terms· 
(2fA + fBi, (2fA - fBi, (fA + 2fB), and (fA - 2fB) only. 

1.6 DIGITAL INTERFACE 

The ML2261 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.6.1 RD MODE 

In the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the JlP to start a 
conversion, wait, and then read data with a single read 
instruction. 

The timing for thtUSD mode is shown in Figure 2. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 
that the device is ready to do a conversion. The _ 
conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSB decisions are made with 
internally generated clock edges. When the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 
outputs go from high impedance to active state with_ 
valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp~ 
data lines return to the high impedance state and INT 
returns high. A pull up resistor on RDY in the sample 
and hold mode will cause clock i~ction, degrading 
the total unadjusted error, unless CS! is 2': 20ns before 
RDl. 

1.6.2 WR-RD MODE 

In the WR-RD mode, the WR/RDY pin is configured as 
theWR input. lrJJ;his mode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 

1.6.3 WR-RD MODE - USING INTERNAL DELAY 
(tRD > tINTL) 

The timing is shown in Figure 3. To do a conversion, 
CS must be low to select the device. Then, WR falling 
edge triggers the conversion. While WR is low, the MSB 
comparison is made. When WR returns higl:!...!!:!.e LSB 
decision is made. After some internal delay, INT goes 
low indicating e~of conversion. Valid data will appear 
on DBO-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 
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1.6.4 WR·RD MODE - READING BEFORE DElAY 
(tRD < lJNW 
The internally generated delay for the LSB decision 
when tRD > tlNTl is longer than necessary due to 
circuit design tolerances of tlNTl delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRD. The timing diagram for this mode is shown in 
Figure 4. WR is the same as when tRD > Jiwl. But in 
this case, RD is brought low tRD ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallinlL!!.dge of RD and is reset 
on the risin~dge of RD or CS. When RD is brought 
low before INT goes low the data bus always remains 
in the high·impedance state until INTI. 

1.6.5 WR·RD MODE - STAND ALONE OPERATION 
Stan!!.!lone operation can be implemented by tying CS 
and RD low as shown in Fig~5. WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When~R goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will a~ar automaticallY..m. end of 
conversion. Since RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.6.6 POWER·ON RESET 
When power is first applied, !!!Linternal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the Ml2261 from starting in 
an unknown state. During this period of approximately 
3f./.S, INT remains high and the data bus is in the high­
impedance state. 
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2.0 TYPICAL APPLICATIONS 
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010 Vee 
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• NO PROTECTION IS REQUIRED IF INPUT CURRENT> 2SmA 

Figure 10. Protecting the Input Figure 11. Using Vee as Reference for Ratiometric 
Operation 
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Figure 12. Using External Reference of D/A Figure 13. 68000 1YPe Interface to ML2261 
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Figure 14. 9-Bit Resolution 
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2.0 TYPICAL APPLICATIONS (Continued) 
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Figure 15. ±2.5V Analog Input Range Figure 16. Simultaneous Sampling of Two Variables 
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Figure 17. TMS320 Interface with D/A Output 
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Figure 18. 8051 Interface to Ml2261 
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TYPICAL ,APPLICATIONS (Continued) 

Vee (5Vod 

4k 

+VRfF Vee 

lk 

24k ML2261 
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20k ->-+-;---1 -VREF 

lk)+----I 

Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vee to 85% of Vee 

ORDERING INFORMATION 

TOTAL TEMPERATURE 
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE 

ML2261BMJ ±Y2 LSB -55°C to +125°C HERMETIC DIP 
ML2261BI] -4QoC to +85°C HERMETIC DIP 
Ml2261BCP QOC to +7QoC MOLDED DIP 
Ml2261BCQ QOC to +7QoC MOLDED PCC 
Ml2261CM] ±1 lSB -55°C to +125°C HERMETIC DIP 
Ml2261C1] -4Q°C to +85°C HERMETIC DIP 
Ml2261CCP QOC to +7QoC MOLDED DIP 
Ml2261CCQ QOC to +7QoC MOlDED PCC 
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ML2264 

4-Channel High-Speed 8-Bit 
AID Converter with T/H (S/H) 

GENERAL DESCRIPTION 
The ML2264 is a high-speed, JlP compatible, 4-channel 
8-bit AID converter with a conversion time of 680ns 
over the operating temperature range and supply 
voltage tolerance. The ML2264 operates from a single 
5V supply and has an analog input range from GND to 
Vee· 

The ML2264 has two different pin selectable modes. 
The TIH mode has an internal track and hold. The 5/H 
mode has a true internal sample and hold and can 
digitize 0 to 5V sinusoidal signals as high as 500kHz. 

The ML2264 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a JlP. Analog input channels are selected by the 
latched and decoded multiplexer address inputs. 

The ML2264 is an enhanced, pin compatible second 
source for the industry standard AD7824. The ML2264 
enhancements are faster conversion time, parameters 
guaranteed over the supply tolerance and temperature 
range, improved digital interface timing, superior 
power supply rejection, and better latchup immunity 
on analog inputs. 

BLOCK DIAGRAM 

Vee +VREF 

I I 
A IN 1 

A IN 2 
DB7 

A IN 3 DB6 
DBS 

A IN 4 DB4 
DB3 
DB2 
DBI 

DBO 

AO Al INT CS WR/RDY iID SH/ffi MODE 

FEATURES 
• Conversion time, WR-RD mode over temperature 

and supply voltage tolerance 
Track & Hold Mode .................... 800ns max 
Sample & Hold Mode ................. 680ns max 

• Total unadjusted error ......... ±112 LSB or ±1 lSB 
• Capable of digitizing a 5Y, 250kHz sine wave 
• 4-analog input channels 
• No missing codes 
• OV to 5V analog input range with single 5V power 

supply 
• No zero or full scale adjust required 
• Analog input protection ................. 25mA min 
• Operates ratiometrically or with up to 5V voltage 

reference 
• No external clock required 
• Power-on reset circuitry 
• low power .................................... 100mW 
• Narrow 24-pin DIP or surface mount SOIC 
• Superior pin compatible replacement for AD7824 

PIN CONNECTIONS 
24-Pin DIP 

A IN 4 Vee A IN 4 

A IN j SH/ffi A IN 3 

A IN 2 AO 
A IN 2 

A IN 1 Al 
A IN 1 

MODE DB7 
MODE 

DRO 
DRO DB6 

DBI 
DBI DBS 

DB2 
DB2 DB4 

DB3 
DB3 cs iID 
iID WR/RDY INT 

INT +VREF GND 

GND -VREF 

TOP VIEW 

24-Pin sOle 

TOP VIEW 

Vee 

SHlffi 

AO 

Al 

DB7 

DB6 

DBS 

DB4 

CS 
WRIRDY 

+VREF 

-VREF 
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PIN DESCRIPTION 
PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION 

A IN 4 Analog input 4. 15 WRIRDY Write input or ready outp~ln 

2 A IN 3 Analog input 3. WR-RD mode, this pin is WR 
input. In RD mode, this pin is 

3 A IN 2 Analog input 2. RDY open drain output. See 
4 A IN 1 Analog input 1. Digital Interface section. 

5 MODE Mode select input. 16 CS Chip select input. This pin must 
MODE = GND: RD mode be held low for the device to 
MODE = Vee: WR-RD mode perform a conversion. 

Pin has internal current source 17 DB4 Data output - bit 4. 
pulldown to GND. 

18 DB5 Data output - bit 5. 
6 DBO Data output - bit 0 (lSB). 

19 DB6 Data output - bit 6. 
7 DB1 Data output - bit 1. 

20 DB7 Data output - bit 7 (MSB). 
8 DB2 Data output - bit 2. 

21 A1 Digital address input 1 that 
9 DB3 Data output - bit 3. selects analog input channel. 
10 RD Read input. In RD mode, this See multiplexer addressing 

pin initiates a conversion. In section. 
WR-RD mode, this pin latches 22 AO Digital address input 0 that 
data into output latches. See selects analog input channel. • Digital Interface section. See multiplexer addressing 

11 INT Interrupt output. This output section. 
signals the end of a conversion 23 SH/TH S/H~H mode select. When 
and indicates that data is valid SH/TH = Vee, the device is in 
on the data outputs. See Digital samJ!k! and hold ,mode. When 
Interface section. SH/TH = GND, the device is in 

12 GND Ground. track and hold mode. Pin has 

13 -VREF Negative reference voltage for internal pulldown current 

AID converter. source to GND. 

14 +VREF Positive reference voltage for 24 Vee Positive supply. +5 volts ± 5%. 

AID converter. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vee ....................... 4.5VDe to 6.0Voc 
Supply Voltage, Vcc .................................... 6.5V Temperature Range (Note 3) .............. T MIN :5 T A :5 T MAX 
Voltage ML2264BMj, M12264CMj ................. -55°C to +125°C 

Logic Inputs ........................... -O.3V to Vee + O.3V ML2264Blj, ML2264Clj ..................... -4Q°C to +85°C 
Analog Inputs ......................... -O.3V to Vcc + O.3V ML2264BCS, Ml2264CCS 

Input Current per Pin (Note 2) ...................... ±25mA ML2264BCp, Ml2264CCP ..................... O°C to +70°C 
Storage Temperature ....................... -65°C to +150°C 
Package Dissipation 

at T A = 25°C (Board Mount) ....................... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Plastic) ........................ 260°C 
Dual-In-Line Package (Ceramic) ..................... 300°C 
SOIC 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared (15 sec.) .................................. 220°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA ~ TMIN to TMAJ(, Vee = +VREF = 5V ± 5%, and -VREF = GND 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS MIN I (N!:4) I MAX MIN I (N!: 4) I MAX UNITS 

Total Unadjusted Error 
ML2264BXX 5,7 VREF = Vee ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Integral Linearity Error 
ML2264BXX 5,7 VREF = Vee ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Differential Linearity Error 
ML2264BXX 5 VREF - Vee ±1/2 ±1/2 LSB 
Ml2264CXX ±1 ±1 LSB 

Full Scale Error 
ML2264BXX 5 ±112 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Zero Scale Error 
ML2264BXX 5 ±1/2 ±112 LSB 
ML2264CXX ±1 ±1 LSB 

Channel to Channel 5 ±1/4 ±1/4 LSB 
Mismatch 

+VREF Voltage Range 6 -VREF Vee+O.l -VREF Vee+O.l V 

-VREF Voltage Range 6 GND-O.l +VREF GND-O.l +VREF V 

Reference Input 5 1 2 3 1 2 3 ill 
Resistance 

Analog Input Range 5,8 GND-O.l Vee+O.l GND-O.l Vee+O.l V 

Power Supply Sensitivity 5 DC ±1/32 ±1/4 ±1/32 ±1/4 LSB 
Vee=5V±5%, VREF =4.50V 

100mVp-p ±1/16 ±1116 LSB 
100kHz sine on Veo 
VIN = 0 

Analog Input leakage 5 ON Channel = Vee 
-1 -1 pA 

Current, OFF Channel OFF Channel = OV 

ON Channel = OV 
1 1 pA 

OFF Channel = Vee 

Analog Input leakage 5 ON Channel = OV 
-1 -1 pA 

Current, ON Channel OFF Channel = Vee 

ON Channel = Vee 
1 1 pA 

OFF Channel = OV 

Analog Input Capacitance During Acquisition Period 45 45 pF 

Digital and DC 

VIN(llt logical "1" Input WR, RD, CS, AO, A 1 2.0 2.0 V 
5 

Voltage MODE, SHITH Vee-O.5 Vee-O.5 V 

VIN(OIt logical "0" Input WR, RD, CS, AO, A 1 0.8 0.8 V 
5 

Voltage MODE, SH/TH 0.5 0.5 V 
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ELEORICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAXt Vee = +VREF = 5V ± 5%, -VREF = GND, and timing measured at 1.4Y, 
Cl = 100pF. 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMmR NOfES CONDITIONS MIN I (N!:4) I MAX MIN I (N!: 4) I MAX UNITS 

Digital and DC (Continued) 

IIN(1" Logical "1" WR, RD, CS, 1 1 pA 

Input Current 5 VIH=VCC AO, A1 

MODE, SHITH 15 50 150 15 50 150 pA 

IIN(O" Logical "0" 5 VIL=GND WR, RD, CS -1 -1 pA 
Input Current 

MODE, SH/TH -20 -20 pA 

VOUT(11t Logical "1" 5 lOUT = -2mA 4.0 4.0 V 
Output Voltage 

VOUT(OIt Logical "0" 5 lOUT = 2mA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output VOUT = OV -1 -1 pA 
5 

Current VOUT = Vcc 1 1 pA 

COUT, Logic Output 5 5 pF 
Capacitance 

CINt Logic Input 5 5 pF 
Capacitance 

Ico Supply Current 5 CS = WR = RD = "1" 25 27 mA 
No Output Load 

N:. and Dynamic Performance (Note 9) 

tCRI), Conversion Time, 5 RD to INT, MODE = OV 1020 1100 ns 
Read Mode 

tcwR.RI), Conversion Time, 5,9 WR Falli!!!L -
Write-Read Mode Edge to INT, 

SH/TH=Vcc 680 735 ns 

tRD < tiNT, -
MODE = Vcc SH/TH=GND 800 880 ns 

SNR, Signal to Noise Ratio VIN = 5Y, 250kHz 48 48 dB 
Noise is Sljm of all 
nonfundamental 
components 
from 0-500kHz. 
SHITH = Vco MODE = Vcc 
fSAMPLING = 1.0 MHz 

HD, Harmonic Distortion VIN = 5Y, 250kHz -63 -63 dB 
THD is sum of 2-5th 
harmonics relative to 
fundamental. 
SH/TH = Vco MODE = Vcc 
fSAMPLING = 1.0 MHz 

IMD, Intermodulation fa = 2.5Y, 250kHz -60 -60 dB 
Distortion fb = 2.5Y, 248kHz 

1MB is (fa + fbi, (fa - fbi, 
(2fa + fbi, (2fa - fbi, 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
SH/TH = Vco MODE = Vcc 
fSAMPLING = 1.0 MHz 
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ELEaRICAL CHARAaERISTICS (Continued) 
Unless otherwise specified, TA = T MIN to T MAl(, Vee = +VREF = 5V ± 5%, -VREF = GND, and timing measured at 1.4Y, 
CL = 100pF 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS MIN I (N::4) I MAX MIN I (N:: 4) I MAX UNITS 

Ac:. and Dynamic Perionnance (Note 9) (Continued) 

FR, Frequency Response VIN = 5Y, 0-250kHz ±0.1 ±0.1 dB 
Relative to 1 kHz 
SHITH = Vco MODE = Vcc 
fSAMPLING = 1.0 MHz 

SHITH = Vcc 4.0 4.0 V/p.s 
SR, Slew Rate Tracking 6 

SHtffi = GND .25 .25 V/p.s 

tAY Multiplexer Address 5 SH/TH = GND, Figure 1 0 0 ns 
Setup Time (Track & Hold Operation) 

tAH, Multiplexer Address 5 SH/TH = GND, Figure 1 60 70 ns 
Hold Time (Track & Hold Operation) 

tAY Multiplexer Address 5 SH/TH = Vco Figure 2 225 245 ns 
Setup Time (Sample & Hold Operation) 

tAH, Multiplexer Address 5 SHITH = Vco Figure 2 60 70 ns 
Hold Time (Sample & Hold Operation) 

Ac:. Performance Read Mode (Pin 5 = OV), Figure 4 

tRDY, CS to RDY Delay 5 0 50 0 55 ns 

tRDD, RD Low to 5, 10 Figure 3 1020 1100 ns 
RDY Delay 

tcss, CS to RD, WR 5 0 0 ns 
Setup Time 

tCSH, CS to RD, WR 5 0 0 ns 
Hold Time 

tCRD, Conversion Time - 5,10 1020 1100 ns 
RD Low to INT Low 

tACO> Data Access Time 5 tCRD tCRD+30 tCRD tCRD+30 ns 
RD to Data Valid 

tRDPW, RD Pulse Width 5 tCRD+30 tCRD+30 ns 

tINTH, RD to INT Delay 5, 10 0 60 0 70 ns 

tDH, Data Hold Time - 6,10 Figure 3 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tp, Delay Time Between 5,10 Sam.E!e & Hold Mode, 300 325 ns 
Conversions - INT Low SH/TH = VCC 
to RD Low 

Track & Hold Mode, 240 260 ns 
SH/TH = GND 

Ac:. Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 

tCSs, CS to RD, WR 5 0 0 ns 
Setup Time 

tCSH, CS to RD, WR 5 0 0 ns 
Hold Time 

twlV WR Pulse Width 
5 SH/TH = VCC 190 50K 205 SOK ns 

6 SH/TH = GND 320 50K 360 50K ns 
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ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, TA ; TMIN to TMAJV Vee; +VREF ; 5V ± 5%, -VREF ; GND, and timing measured at 1.4Y, 
CL; 100pF 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS MIN I(N~:4) I MAX MIN I (N~: 4) I MAX UNITS 

AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 (Continued) 

tRD, Reac12ime - WR 5 tRO < tlNTL 275 300 ns 
High to RD Low Delay 

tRI, RD to INT Delay 5,10 tRO < tlNn 0 215 0 230 ns 

tAC.c:!L Data Access Time 5 tRO < tlNn 0 220 0 240 ns 
- RD Low to Data Valid 

tCWR-RO, Conversion Time 5,9,10 tRo < tlNTu SH/TH = Vcc 680 735 ns 
- WR Falling Edge to 
INT low 6,9,10 tRO < tlNTu SH/TH = GND 810 890 ns 

tlNTu Internal Comparison 5,10 tRO > tlNn 620 670 ns 
Time - WR Rising Edge 
to INT low 

tACQc. Data Access Time 5 tRD > tlNn 0 50 0 60 ns 
- RD to Data Valid 

tOH, Data Hold Time - 6,10 Figure 3 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tINTH, RDt to INTt Delay 5,10 0 60 0 70 ns 

tp, Delay Time Between 5,10 Sam2!.e & Hold Mode, 300 325 ns 
Conversions - INT low SH/TH = Vcc 
to WR low 

Track & Hold Mode, 240 260 ns 
SH/TH = GND 

tlHwlV WRt to INT! Delay 5,10 Standalone Mode 0 90 0 100 ns 

tID, INn to Data S,10 Standalone Mode 0 20 0 30 ns 
Valid Delay 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V,N < GND or Y'N > Vccl the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°C to +12Soe operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 
ooe to +70oe and -40°e to +85°e operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Total unadjusted error includes offset, full scale, linearity, sample and hold, and multiplexer errors. Total unadjusted error is tested at 

the minimum specified times for WR, RD, tR1, and tp. For example, for the ML2264xex In the sample and hold mode, WR/RD mode: 
tWR = 190ns, tRD = 275ns with a frequency of 1.020MHz (cycle time of 980ns). 

Note 8: For -VRFF :2: Y,N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at 
low V cc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct - espepally at elevated temperatures, and 
cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog 
Y'N or VREF does not exceed the supply voltage by more than l00mV, the output code will be correct. To achieve an absolute OVDC to 
5VDC input voltage range will therefore require a minimum supply voltage of 4.900VDC over temperature variations, initial tolerance and 
loading. 

Note 9: Conversion time, write-read mode = tWR + tRO + tRI' 

Note 10: Defined from the time an output crosses 0.8V or 2.4\1. 
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AO, Al 

2-126 

~"~m= 
IAH 

IAS_ 

WR 

a) RD Mode (Pin 5 = GND) b) WR-RD Mode (Pin 5 = Ved 

Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND) 

Figure 2. Analog Multiplexer Address Timing for Sample & Hold Mode (Pin 23 = Ved 

DATA 
OUTPUT~ 

lOPFT 5kt 

DATA 
OUTPUT 

~
kvee 

lOPFT 

OUTPUT 
ENABLE 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

Vee 90% 
50% 

GND- 10%I.:'I-'-------

_IOH~ vee----

VOL VOl+l00mV 

Figure 3. High Impedance Test Circuits and Waveforms 
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ROY 

080-087 

• In SAMPLE & HOLD mode a pull up resistor on ROY should not be 
used unless CSI IS ;:: 20ns before RD!. 

Figure 4. RD Mode Tming 

Figure 5. WR-RD Mode liming (fRD > "NIl) 

ML2264 

080-087 -----____ _ 

Figure 6. WR-RD Mode liming (tRD < tlNTU 

080-087 )>-___ -<1 )--
_--J ~;;:;.;....J 

Figure 7. WR-RD Mode Stand-Alone liming CS = RD = 0 
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1.0 FUNOIONAl DESCRIPTION 
The ML2264 uses a two stage flash technique for AID 
conversion. This technique first performs a 4 bit flash 
conversion on VIN to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. 

1.1 MULTIPLEXER ADDRESSING 

The ML2264 contains a 4-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address inputs AO and A1. The relationship 
between the address inputs, AO and A1, and the analog 
input selected is shown in Table 1. 

Selected Address Input 

Analog Channel AO Al 

A IN 1 0 0 

A IN 2 1 0 

A IN 3 .0 1 

A IN 4 1 1 

Table 1. Multiplexer Address Decoding 

The address inputs are latched into the ML2264 on the 
falling edge of t~RD, WR, or CS depending on the 
state of pins SH/TH and mode as shown in Table 2. 

Address Latching 
Signal Mode Operation Mode 

RDI GND GND 

WRI Vee GND 

CSI GND Vee 

CSI Vee Vee 

Table 2. 

In the Sample & Hold mode of operation CS is used as 
the address latch enable, allowing for continuous 
conversions without addressing a given analog input for 
each conversion. 

The Track & Hold mode of operation requires an 
analog input to be addressed and latched for each 
conversion that the ML2264 performs. 

1.2 ANALOG INPUTS 

The analog input on the ML2264 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The equivalent input circuit for the converter is shown 
in Figure 8. When the conversion starts in the T/H 
mode (WRI in the WR-RD mode or RDI in the RD 
mode) Sl, S4 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, VIN is 
connected to the 16 MSB and 15 LSB comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined RoN resistance of the internal 
analog switches plus any external source resistance, Rs. 
In addition, there is a stray capacitance of 
approximately 11 pF that needs to be charged through 
the external source resistance Rs. This period ends in 
the WR-RD mode when WRt or by an internal timer in 
the RD mode. At this point Sl and S4 open and the 
analog input at VIN is no longer being sampled; thus 
during this time the analog voltage on VIN does not 
affect converter performance. 

As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
VIN must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least SOns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finite .... fbarging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 

When the ML2264 operates in the S/H mode (pin 23 = 
Ved both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or samR!l!!g period. This period starts after 
th~ling edge of INT and ends with the falling e~ 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period Sl, S3, S4 and S6 close, therefore 
46 pF of input capacitance must be charged up in 
addition to the 11 pF of stray capacitance. 

1.3 TRACK AND HOLD vs. SAMPLE AND HOLD 
The MSB Flash Converter of the ML2264 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 

2-128 *J. Micro Linear 



tracking it as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2264 can track and hold signals with 
slew rates as high as .25VtjJS (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The ML2264 in 5tH mode does not have the slew rate 
limitation of the TtH mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the StH mode can theoretically 
digitize signals of frequencies much higher .t~a.n the 
TtH mode. The ML2264 in 5tH mode can dIgItIze 
signals of frequencies as high as 25.0.k~z @ 5V (sl~w 
rates as high as 4VtjJS) without sacrifIcIng conversIon 
accuracy. In most applications, the StH mode is more 
desirable than TtH mode because of the better dynamic 
performance. 

1.3.1 CONVERfER - TtH MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 9a. Initially, the internal com~arators 
are auto-zeroed while WR is h~A conversion IS 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltag~s from t~e . 
internal resistor ladder. At the same tIme, the Input IS 
being acquirecLQr. sampled by LSB comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSB acquisition time is ended by 
closin&Jb.e sampling switch to the LSB comparators. 
While WR is high, the LSB comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's. When the 
LSB comparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latches. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, excelli.!he 
conversion is initiated by the falling edge of RD, and 
the MSB and LSB conversions are generated by internal 
clock edges that are generated while RD is low. 

ML2264 

V,N -"JR"'S ..... _-'V.Ro'!t.N..-<:t
51 T1P~F 1.2K 

4 .lpF RoN 

10 M5 ----¥, • I 
lADDER 52 • '::' ! 53 

16 MSB COMPARATORS 

RoN S4:[1'34pF~3'6K 
6.4K • lpF RoN 

1Ol5 ~ : I 56 
lADDER 55 ~.65pF '::' ~ 

15 l5B COMPAIWOR5 

Figure 8. Converter Equivalent Input Orcuit 

1.3.2 CONVERfER - StH MODE 
The operating sequence for 5tH mode is illustrated in 
Figure 9b. Notice' that it is similar to TtH mode 
described above except this mode has ~ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition . period where 
the analog input is sampled at the same tIme all __ 
comparators are auto-zeroed. The falling edge of ~.R. 
opens the internal sampling switch, ends the acqUIsItIon 
period, and starts the conversion on the internally 
sample and held sign.&.Jhe MSB compar?~ors make 
their decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are latched. The LSB 
comparators make their decision when WR is high. 
When the LSB comparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by internal clock edges that 
are generated while RD is low. 
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a). TIH Mode 

\'----~/ 
.. 

ACQUISITION 
OR SAMPLING 
PERIOD. ALL 
COMPARATORS 
AUTOZEROED. 

MSB 
COMPARAfORS 
DECIDING. 

LSB 
COMPARATORS 
DECIDING. 

b). SIH Mode 

CONVERSION 
STARrS. 
V,N SAMPLING 
ENDS. HOLD 
TIME Sl)\RrS. 

MSB 
COMPARATOR 
RESUIJS ARE 
LATCHED. 

\'----~I 

iID BROUGHT LOW 
LATCHES LSB 
COMPARATOR 
RESUIJS AND 
BRINGS iN"f LOw. 

I" -I.. -I.. -I 
ALL COMPARATORS ACQUISITION LSD 
AUTOZEROED. PERIOD. MSB COMPARATORS 

COMPARATORS DECIDING. 
ARE TRACKING 
V,N. LSD 
COMPARATORS 

VIN. 1 ARE SAMPLING 1 I 
CONVERSION 
Sl)\RrS. 

V,N SAMPLING 
ENDS. MSB 
COMPARATOR 
RESUIJS ARE 
LATCHED. 

iID BROUGHT LOW 
LATCHES LSD 
COMPARATOR 

:~~~g: I~D LOW. 

Figure 9. Operating Sequence (WR-RD Mode) 

1.4 REFERENCE 

The +VREF and -VREF inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the AID converter. Thus, +VREF defines 
the analog input which produces a full scale output and 
-VREF defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
AID converter is shown in Figure 10. 

+VREF and -VREF can be set to any voltage between GND 
and Vee. This means that the reference voltages can be 
offset from GND and the difference between +VREF+ and 
-VREr can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+VREF - (-VREF)] decreases. 

OUTPUT 
CODE 

11111111) 
11111110 

11111101 
I 
I 
I 
I 
I 
I ; 

:::0::+ ,r' 
; 

; 
; 

; 

FULL SCALE 
TRANSITION 

,/ 
1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A O.lI1F ceramic disc capacitor is recommended to 
bypass Vee to GND, using as short a lead length as 
possible. 

==~- -------+--+-1 -+I-I_~ 
If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by O.lpF ceramic disc capacitors at 
the reference input pins. 

o 1 LSB 2LSB'S 3LSB'S \. FS 
FS - 1LSB 

AoN. INPUT VOLTAGE (IN TERMS OF LSB'S) 

Figure 10. AI D Transfer Characteristic 
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1.6 DYNAMIC PERFORMANCE 

1.6.1 SINUSOIDAL INPUTS 

Since the ML2264 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 112 the sampling rate (fs)' Any frequency 
components above fsl2 will be aliased below fs/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to f,l2, then 
the requirements on the anti-alias filter become difficult 
to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fMAX 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) for the ML2264 in 
the WR-RD mode, (tRO < tINTL) can be calculated as 
follows: 

1 
f max = c----,----'--,-----,--

tWR + tRO + tRI + tp 

f = 1 
max 190ns + 275ns + 215ns + 300ns 

fmax = 1.020 MHz 

tWR = Write Pulse Width 

tRO = Delay Time between WR and RD Pulses 

tRI = RD to INT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the 
ML2264. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2264 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fs. 
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ML2264 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. 

The Figure 11 plots are 4096 point FFT's of the ML2264 
converting a 257kHz and a 491 kHz, 0 to 4.5Y, low 
distortion sine wave input. The ML2264 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.6.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2264 is defined as 

-10 SNR 49.1dB 

-20 HD -58.33dB 
Vee = VREF = S.OV 

-30 TA = 25°C 

-40 

-50 

-60 

-70 

-80 

-90 

-100 

-110 

200 400 

FREQUENCY (kHz) 

b) Output Spectrum with fiN = 491 kHz, fs = 1 MHz 

Figure 11. Dynamic Performance, Sample and Hold Mode 
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(vi + vl + V42 + VS2)'h 
20 log = --='------"-----'-----"-

V1 

where V1 is the rms amplitude of the fundamental and 
V'b VJ, V", Vs are the rms amplitudes of the individual 
harmonics. 

1.6.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal B-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2264 is defined as 

(Vi + vl + V42 + VS2)'h 
20 log = --='------"-----''------''-

V1 

where V1 is the rms amplitude of the fundamental and 
V'b VJ, V", Vs are the rms amplitudes of the individual 
harmonics. 

1.6.4 INTERMODUlATlON DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fs, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfs, where m, n = 0, 1, 
2, 3 ... Intermodulation terms are those for which m 
or n is not equal to zero. The (lMD) intermodulation 
distortion specification includes the second order terms 
(fA + fB) and (fA - fB) and the third order terms 
(2fA + fB), (2fA - f8), (fA + 2f8), and (fA - 2f8) only. 

1.7 DIGITAL INTERFACE 

The Ml2264 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.7.1 RD MODE 

In the RD mode, the WRIRDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the pP to start a 
conversion, wait, and then read data with a single read 
instruction. 

The timing for the RD mode is shown in Figure 4. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 
that the device is ready to do a conversion. The _ 
conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSB decisions are made with 

internally generated clock edges. When the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 
outputs go from high impedance to active state with_ 
valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp~ 
data lines return to the high impedance state and INT 
returns high. 

1.7.2 WR-RD MODE 

In the WR-RD mode, the WRIRDY pin is configured as 
the WR input. In this mode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 

1.7.3 WR-RD MODE - USING INTERNAL DELAY 
(tRD > tlNTV 
The timing is shown in Figure 5. To do a conversion, 
CS must be low to select the device. Then, WR falling 
edge triggers the conversion. While WR is low, the MSB 
comparison is made. When WR returns high the LSB 
decision is made. After some internal delay, INT goes 
low indicating e~of conversion. Valid data will appear 
on DB0-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 

1.7.4 WR-RD MODE - READING BEFORE DELAY 
(tRD < ltNJt.l 
The internally generated delay for the LSB decision 
when tRD > tlNTL is longer than necessary due to 
circuit design tolerances of tlNTL delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRD. The timing diagram for this mode is shown in 
Figure 6. WR is the same as when tRD > JusrL. But in 
this case, RD is brougb1.!9w tRD ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallin~dge of RD and is reset 
on the risin~dge of RD or CS. When RD is brought 
low before INT goes low the data~ always remains 
in the high-impedance state until INTI. 

1.7.5 WR-RD MODE - STAND ALONE OPERATION 

Stand alone operation can be implemented by tying CS 
and RD low as shown in Figure 7. WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When~R goes high, the lSB 
comparison is made. Since RD is already low, the 
output data will a~ar automaticall~ end of 
conversion. Since RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.7.6 POWER-ON RESET 

When power is first applied, ~internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the Ml2264 from starting in 
an unknown state. During this period of approximately 
3f..lS, INT remains high and the data bus is in the high­
impedance state. 
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2.0 TYPICAL APPLICATIONS 

5V 

+15VDC 

Vee 
+ 

>-+---C>-lA'N J.1/lF 
ML2264 

-15VDC 

• NO PROTECTION IS REQUIRED IF INPUT CURRENT> 25mA 

Figure 12. Protecting the Input 

I 
~+----.--05V 

0:::; VIN:::; Vee 

L 

Figure 13. Using Vee as Reference for Ratiometric 
Operation 

I 
O-:::;VIN::::4.5 

L 

4.50V 
H~--------IVREFOUT 

Vee 
ML2340 

Figure 14. Using External Reference of D/A 

12V 

VOUT 

ML2264 

68008 

ML2264 I ----J-:~~:l 
~~ It p-----f AS 

Al r---L __ --1 
INT~---------~ 

RDk---------o<:r; 

Figure 15. 68000 lYpe Interface to ML2264 

5V 

SDK 
25K 

ML2264 

A IN 1 

A IN 2 
A IN J 
A IN 4 

Figure 16. ±2.5V Analog Input Range 

ML2264 8051 

A IN 1 CS PJ,1 
A IN 2 AD PJ,2 
A IN J Al P3,3 
A IN 4 WR PJ,4 

RD PJ,5 
iNT PJ,6 

DB7 
DAlA 

Pl,7 
DBO Pl,O 

Figure 17. 8051 Interface to ML2264 
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2.0 TYPICAL APPLICATIONS (Continued) 

A IN I 
A IN 2 
A IN 3 
A IN 4 

g:~t-----;D;;-;AT.rA---------J\ g~ 

I----------.j INT 
I-----------l DEN 

TMS320 
IEI4 
CIS 

PAO 
PAl 

'--------lPA2 

~-------4WE 

Figure 18. TMS320 Interface with D/A Output 

Vee (5Vocl 

4k 

+VREF 
Vee 

Ik 
+ r .I~F 

24k 
Ml2264 

"::" 

AIN I 
A IN 2 
A IN 3 
A IN 4 

20k 

-VREF 

3k 

Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vee to 85% of Vee 

ORDERING INFORMATION 

TOTAL TEMPERATURE 
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE 

ML2264BMJ ±Y2 LSB -55°C to +125°C HERMETIC DIP 
ML2264BIj -4Q°C to +85°C HERMETIC DIP 
ML2264BCP O°C to +70°C MOLDED DIP 
ML2264BCS O°C to +70°C MOLDED SOIC 
ML2264CM) ±1 LSB -55°C to +125°C HERMETIC DIP 
ML2264C1) -40°C to +85°C HERMETIC DIP 
ML2264CCP O°C to +70°C MOLDED DIP 
ML2264CCS O°C to +70°C MOLDED SOIC 
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'Micro Linear 
October 1990 
PRELIMINARY 

ML2271 

JiP Compatible High-Speed 10-Bit 
AID Converter with S I H 

GENERAL DESCRIPTION 
The ML2271 is a high speed, /1P compatible 10-bit AID 
converter. A three step flash technique is used to 
achieve a conversion time of 1.45/1s. The ML2271 
operates from a single 5V supply and has an analog 
input range from GND to Vee. 

The ML2271 has a true internal sample and hold and 
can digitize sinusoid signals as high as 150kHz without 
conversion errors. 

The ML2271 digital interface has been designed so that 
the device appears as a memory location or 1/0 port 
to a /1P' eliminating the need for external interfacing 
logic. The data outputs are latched and have three 
state control, allowing direct connection to a /1P bus 
or 1/0 port. The addition of an internal timing 
generator also allows the device to easily operate in 
stand alone applications. 

The ML2271 is pin and function compatible with the 
ADC1061. 

BLOCK DIAGRAM 
A Vee 

I 

FEATURES 
• Conversion time over temperature and 

supply voltage tolerance 1.5/1s 
• Linearity error ±1/2 LSB or ±1 LSB 
• Full scale error ±1/2 LSB or ±1 LSB 
• Zero error ±1/2 LSB or ±1 LSB 
• Capable of digitizing a SY, 1S0kHz sine wave 
• No missing codes 
• OV to 5V analog input range with single 5V power 

supply 
• Analog input protection 2SmA min 2 
• Operates ratiometrically or with up to 5V voltage 

reference 
• No external clock required 
• Easy interface to /1P' or operates standalone 
• Latched, 3-state data outputs 
• Power-on reset circuitry 
• Low power 180mW max 
• Standard 20-pin DIP or surface mount sOle 
• O°C to 70oe, -40°C to +85°e, -S5°e to +12Soe 

operating temperature range 

'Micro Linear 



ML2271 

PIN CONNECTIONS 
20-Pin DIP 20-Pin sOle 

o Vcc DBO o Vcc DBO 

INT OBI INT OBI 
WR DB2 

WR DB2 iffi DB3 
R5 DB3 cs DB4 
cs DB4 A vcc DB5 

A Vce DB5 -VREF DB6 
V,N DB7 

-VREF 086 
+VREF DBB 

V,N DB7 GND DB9 
+VREF DBB TOP VIEW 
GND 089 

TOP VIEW 

PIN DESCRWTION 
PIN NO. NAME FUNOION PIN NO. NAME FUNOION 

1 D Vee Digital supply. +5V ± 5%. 7 -VREF Negative reference input voltage 
Connect to A Vee. for AID converter. 

2 INT Interrupt output. This output 8 V,N Analog input. 
signals the end of a conversion 
and indicates that data is valid 
on the data outputs. See Digital 
Interface section. 

9 +VREF Positive reference input voltage 
for AID converter. 

10 GND Ground. 

3 WR Write input. Input which 11 DB9 Data output - bit 9 (MSB). 

initiates a conversion. See 
Digital I nterface section. 

12 DB8 Data output - bit 8. 

13 DB7 Data output - bit 7. 
4 RD Read input. This input latches 

data into the output latches. 
See Digital Interface section. 

14 DB6 Data output - bit 6. 

15 DB5 Data output - bit 5. 

5 CS Chip select input. This in[l.!!L 16 DB4 Data output - bit 4. 
mus~ held low during WR 
and RD for the device to 
perform a conversion. 

6 A Vee Analog supply. +5V ± 5%. 
Connect to D Vee. 

17 DB3 Data output - bit 3. 

18 DB2 Data output - bit 2. 

19 DB1 Data output - bit 1. 

20 DBO Data output - bit 0 (LSB). 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Temperature Range (Note 3) .............. T MIN :S T A :S T MAX 

Supply Voltage, A Vco D Vcc .......................... 6.5V Ml2271BMj, Ml2271CMj ................. -55°C to +125°C 
Voltage Ml2211BI], ML2271CI] ..................... -40°C to +85°C 

logic Inputs ........................... -O.3V to Vcc + O.3V Ml2271 BCS, Ml2271CCS 
Analog Inputs ......................... -O.3V to Vcc + O.3V Ml2271BCp, Ml2271CCP ..................... O°C to +70°C 

Input Current per Pin (Note 2) ...................... ±25mA 
Storage Temperature ....................... -65°C to +150°C 
Package Dissipation 

at TA = 25°C (Board Mount) ....................... 875mW 
lead Temperature (Soldering 10 sec.) 

Dual·ln-line Package (Molded) ...................... 260°C 
Dual·ln-line Package (Ceramic) ..................... 300°C 
Molded Small Outline IC Package 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared (15 sec.) .................................. 220°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = TMIN to TMAlV D Vee = A Vee = +VREF = 5V ± 5%, and -VREF = GND 

ML2271XCX ML2271XIX, ML2271XMX 

PARAMETER NOTES CONDITIONS MIN I (N::4) I MAX MIN I (N:: 4) I MAX UNITS 

Converter 

Intergral Linearity Error 
ML2271BXX 5,7 VREF = Vee ±112 ±1/2 LSB 
ML2271CXX ±1 ±1 LSB 

Differential Linearity Error 
ML2271BXX 5 V REF = Vee ±1/2 ±1/2 LSB 
ML2271CXX ±1 ±1 LSB 

Full Scale Error 

ML2271BXX 5 ±1/2 ±1/2 LSB 
ML2271CXX ±1 ±1 lSB 

Zero Scale Error 
Ml2271BXX 5 ±1/2 ±1/2 lSB 
Ml2271CXX ±1 ±1 LSB 

Total Unadjusted Error 
ML2271BXX 5 ±3/4 ±3/4 lSB 
ML2271CXX ±1V2 ±1V2 lSB IJI 

+V REF Voltage Range 6 -VREF Vee+0.1 -VREF Vee+0.1 V 

-V REF Voltage Range 6 GND-0.1 +VREF GND-0.1 +VREF V 

Reference Input 5 .9 1.3 1.7 .9 1.3 1.7 kn 
Resistance 

Analog Input Range 5,8 -VREF +VREF -VREF +VREF V 

Power Su pply Sensitivity 5 DC ±1/32 ±1/4 ±1/32 ±1/4 LSB 
Vee = 5V ± 5%, VREF = 4.75V 

100mVp-p ±1/16 ±1/16 LSB 

100kHz sine on Vee, 
VIN = 0 

Analog Input Leakage 5,9 Converter Idle -2 +2 -2 +2 flA 
Current 

Analog Input Capacitance During Acquisition Period 25 25 pF 

Digital and DC 

VIN(1!- logical "1" Input 5 2.0 2.0 V 
Voltage 

VIN(O!- Logical "0" Input 5 0.8 0.8 V 
Voltage 

IIN(1!- Logical "1" Input 5 VIN = Vee 1 1 flA 
Current 

IIN(O), Logical "0" 5 VIN = OV -1 -1 flA 
Input Current 

VOUT(1!- logical "1" 5 lOUT = -2mA 4.0 4.0 V 
Output Voltage 

V OUT(O!- logical "0" 5 lOUT = 2mA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output VOUT = OV -1 -1 flA 
5 

Current VOUT = Vee 1 1 flA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJV D Vee = A Vee = +VREF = 5V ± 5%, -VREF = GND, and timing 
measured at 1.4Y, CL = 100pF. 

ML2271XCX ML2271XIX, ML2271XMX 

PARAMETER NOTES CONDITIONS MIN I (N::: 4) I MAX MIN I (N::: 4) I MAX 

Digital and DC (Continued) 

COUT, Logic Output 5 5 
Capadtance 

CIN, Logic Input 5 5 
Capacitance 

Ico Supply Current, 5 CS=WR=RD=O 32 35 
Analog Plus Digital No Output Load 

AC and Dynamic Performance (Note 9) 

tCONV, Conversion Time, 6 Figure 2 1450 1600 
Interrupt Mode 

tCONV, Conversion Time, 5 Figure 3 1450 1600 
Write-Read Mode 

tCONV, Conversion Time, 6 Figure 4 1450 1600 
Read Mode 

SNR, Signal to Noise Ratio VIN = 5Y, 150kHz 60 60 
Noise is sum of all 
nonfundamental 
components 
from 0-300kHz. 

fSAMPLING = 600kHz 

HD, Harmonic Distortion VIN = 5Y, 150kHz -60 -60 
THO is sum of 2-5th 
harmonics or aliases relative 
to fundamental. 

fSAMPLING = 600kHz 

IMD, Intermodulation fa = 2.5Y, 150kHz -60 -60 
Distortion fb = 2.5Y, 148kHz 

1MB is (fa + fbi, (fa - fbi, 
(2fa + fbi, (2fa - fbi, 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 

fSAMPLING = 600kHz 

FR, Freqency Response VIN = 5Y, 0-150kHz ±0.1 ±0.1 
Relative to 1 kHz 

fSAMPLING = 600kHz 

SR, Slew Rate Tracking 2.36 2.36 

AC Performance, Figures 2, 3, 4, and 5 

tCSs. CS to RD, WR 5 0 0 
Setup Time 

tCSH, CS to RD, WR 5 0 0 
Hold Time 

tWIV WR Pulse Width 5 250 50K 300 50K 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA; TMIN to TMAXt D Vcc = A Vee; +VREF; 5V ± 5%, and -VREF; GND, and timing 
measured at 1.4\1, CL = 100 pF. 

ML2271XCX ML2271XIl<, ML2271XMX 

PARAMETER NOTES CONDITIONS MIN I(N~:4) I MAX MIN I (N~: 4) I MAX UNITS 

AC Performance, Figures 2, 3, 4, and 5 (Continued) 

tACCu WR to Data Valid 5 1500 1600 ns 

tRD, Read Pulse Width 5 100 120 ns 

tWRu WRt to RDl 6 0 0 ns 

tINTH, ROt to INTt 5 10 50 10 50 ns 

tRlu RD to INTI 5 0 50 0 50 ns 

kCl' Data Access Time, 5 0 55 0 60 ns 
RDl to Data Valid 

.!.t!L Data Access Time, 5 0 55 0 60 ns 
INTI to Data Valid 

tlH, tOH, ROt to Data High 5 Figure 1 10 50 10 60 ns 
Impedance State 

tp, Delay Time Between 5 300 300 ns 
Conversions 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 

Note 3: 

Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 

When the voltage at any pin exceeds the power supply rails (V,N < GND or Y'N > Vce) the absolute value of current at that pin 
should be limited to 25mA or less. 
-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 
ooe to +70oe and -40°e to +85°e operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 
Typicals are parametric norm at 25°C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. 
For -VREF 2': Y,N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vee supply. Be careful, during 
testing at low Vce levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct - especially at elevated 
temperatures, and cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that 
as long as the analog Y,N or V REF does not exceed the supply voltage by more than 100m'" the output code will be correct. To 
achieve an absolute OVoc to 5VDC input voltage range will therefore require a minimum supply voltage of 4.900VDe over temperature 
variations, initial tolerance and loading. 
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DATA 
OUTPUT~ 

lOPFJ 5kt 

DATA 
OUTPUT 

~
kvee 

10PFT 

OUTPUT 
ENABLE 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

Vee 90% 
50% 

GND-10%1--1'-------

-tOH~ Vee-----

VOL VOL + l00mV 

Figure 1. High Impedance Test Circuits and Waveforms Figure 2. Interrupt Mode TIming 

tess 

1+-----tw.L-----+l~-

tCONV 
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~-------tAcC2 .. 

Figure 3. WR-RD Mode Timing 

WR, RD 

DBO-DB9 

READ IS TIED TO WRITE 

Figure 4. RD Mode Timing 
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1.0 FUNOIONAL DESCRIPTION 
The ML2271 uses a three step flash technique for AID 
conversion. This technique first performs a 3 bit flash 
conversion on VIN to determine the 3 most significant 
bits (MSB decision). These 3 MSB's are then cycled 
through an internal DAC to recreate the analog input. 
This reconstructed analog input signal from the DAC is 
then subtracted from the input, and the difference 
voltage is converted by a second 3 bit flash conversion 
providing the next 3 significant bits, called intermediate 
significant bits (ISS decision). This procedure is then 
performed again to provide the final 4 least significant 
bits (LSB decision). 

t 
VIN SAMPLING 
ENDS. MSB 
COMPARATORS 
RESULT ARE 
LATCHED. 

ML2271 

The ML2271 has a true internal sample and hold. The 
internal operatiD&-sequence is shown in Figure 5. The 
falling edge of WR opens the SIH sampling switch, 
ends the acquisition time for the analog input, and 
starts the conversion on the internally sample and held 
~al. Then the MSB, ISB, and LSB decisions are made. 
INT goes low at end of conversio!!..And RD controls the 
data outputs. This falling edge of INT also closes the 
sampling switch and starts the acquisition period for 
the next conversion. 

t 
ISB 
COMPARATOR 
RESUlTS ARE 
LATCHED. 

LSB 
COMPARATOR 
RESULTS ARE 
LNCHED. 

'L 
I 
I 

Figure 5. Operating Sequence 

1.1 ANALOG INPUT 

The analog input on the ML2271 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The input circuit for the converter is shown in Figure 6A 
with the equivalent input circuit shown in Figl,Jre 6B. 
The acquisition period for the SIH starts on INT falling 
edge and ends on WR falling edge. 

The critical period for charging up the analog input 
occurs during the acquisition period and the source of 
the external signal on VIN must adequately charge up 
the analog voltage during this time. To do this, the 
input must settle within the required analog accuracy 
tolerance lOOns before the end of the acquisition period 
so that the sampling capacitors have adequate time to 
store the input signal. If more time is needed due to 
finit~arging or settling time of the external source, 
the WR high period can be extended as long as is 
required. 

1.2 SAMPLE AND HOLD 
The ML2271 does not have the limitation of an 
equivalent circuit implemented with a track/hold. An 
internal sample and hold acquires the analog signal, 
holds it internally, and then a conversion is performed 
on the sample and held signal. Since this is a true 
sample and hold function, the ML2271 can sample and 
hold signals with frequencies as high as 150kHz @ 5V 
(slew rates as high as 2.36V/l1s) without sacrificing 
conversion accuracy. 

1.3 REFERENCE 

The +VREF and -VREF inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the AID converter. Thus, +VREF defines 
the analog input which produces a full scale output and 
-VREF defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
AID converter is shown in Figure 7. 
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Ml2271 

+VREF and -VREF can be set to any voltage between 
GND and Vee. This means that the reference voltages 
can be offset from GND and the difference between 
+VREF and -VREF can be made small to increase the 
resolution of the conversion. Note that the linearity 
error increases when [+VREF - (-V REF)] decreases. 

RS 
VIN-'VV'r+---------, . : J .5pF 

6 MSB COMPARATORS 

RON S4:r'5P~F 3.6K 

6.4K .05pF RON 

TO IS --X, • I 
LADDER • 0 56 

S5 ::;;.5PF ':' -t 
14 ISB COMPARATORS 

RoN 16pF 

<>---1 ~200n RoN 
loon S7 7.5pF 58 

TO S/H BLOCK J l 
Figure 6A. Converter Input Circuit 

Figure 6R. Converter Equivalent Input Circuit 

OUTPUT 
CODE 

111111111 

11111110 

11111101 

00000010 

onoooo01 

I 
I 
I 
I 
I 
I ;" " 

" " " 

FULL SCALE 
TRANSITION 

,)-
00000011L 
00000000 ------- I I I ~ 

o lLSB 2LSB'S 3LSB'S \ FS 
FS - lLSB 

A'N, INPUT VOLTAGE (IN TERMS OF LSB'S) 

Figure 7. AI D Transfer Characteristic 

1.4 POWER SUPPLY AND REFERENCE DECOUPLING 

O.lJlF in parallel with O.OlJlF ceramic disc capacitors are 
recommended to bypass A Vee to GND, as well as D 
Vee to GND, using the shortest lead lengths possible. 

If +VREF and -VREF inputs are driven by long lines, they 
should be bypassed by O.lJlF in parallel with O.OlJlF 
ceramic disc capacitors at the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 SINUSOIDAL INPUTS 
Since the ML2271 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 112 the sampling rate (fs)' Any frequency 
components above fsl2 will be aliased below fs/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input If the input frequency is too close to fsl2, then 
the requirements on the antialias filter become difficult 
or impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 113 to 1/4 of fs in 
order to relax the filtering requirements enough to 
make a realizeable antialias filter. 

The maximum sampling rate (fMAX) for the ML2271 can 
be calculated as follows: 

teoNV + tp 

1,45Jls + 0.300JlS 

= 570kHz 

= Write Pulse Width 

tWRD = Write to Data Delay 

tp = Delay Time between Conversions 

Note that the dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2271 are all specified at 
150kHz, which is less than 1/3 of the sampling rate, fs. 
This allows adequate margin between the input 
frequency and the aliased components to allow antialias 
filtering if needed. 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, the user can apply an input sinusoid higher 
than 150kHz to the device. Note, however, that as the 
input frequency increases above 150kHz, dynamic per­
formance degradation will occur due to the finite 
bandwidth of the internal sample and hold. 
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1.5.2 SIGNAL-TO-NOISE RATIO 
Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 10-bit 
converter, SNR = 61.96 dB. 

1.5.3 HARMONIC DISTORTION 
Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2271 is defined as 

(V22 + vi + vi + VS2)'h 
20 log = ---"'------"----'---"-

V1 

where V1 is the rms amplitude of the fundamental and 
Vp VJ, V", Vs are the rms amplitudes of the individual 
harmonics. 

1.5.4 INTERMODUIATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fa. any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfa. where m, n = 0, 1, 
2, 3 ... Intermodulation terms are those for which m 
or n is not equal to zero. The (lMD) intermodulation 
distortion specification includes the second order terms 
(fA + fB) and (fA - fB) and the third order terms 
(2fA + fB), (2fA - fB), (fA + 2fB), and (fA - 2fB) only. 

1.6 DIGITAL INTERFACE 
Depending on the way the external signals are applied 
to the ML2271, the timing of the conversion and 
resultant digital interface can be configured in three 
different modes. 

While the operation for each mode is described below, 
there are some gener'!Lrules that dictate the general 
relationships between CS, WR, RD, INT, and DBO-DB9. 
The falling edge of WR terminates the acquisition 
period and initiates a conversion. INT is forced low 
when a conversion is internally completed. INT is reset 
high by the RD rising edge. DBO-DB9 is in thLhigh 
impedance state except when both RD and INT are 
low. RD low period does not affect the internal 
conversion but only determines when the digital ~als 
DBO-DB9 are active; thus, RD can occur anytime. CS is 
used to select the device and needs to be low only 
while WR is low or when RD is low. 

ML2271 

1.6.1 INTERRUPT MODE 
Timing for the Interrupt Mode is shown in Figure 2. To 
~a conversion, CS must be low to select the device. 
INT falli~dge starts the acquisition period. The falling 
edge of WR ends the acquisition period and the MSB 
comparison is made. Then, the (Intermediate Significant 
Bits) ISB and LSB decisions are made with internal 
timing signals. After the conversion is complet~NT 
goes low indicating end of conversion. When RD goes 
lOW, DBO-DB9 goes from high impedance to thLactive 
state with the digital result of the conversion. INT is 
reset high and DBO-DB9 is reset to high impedance on 
the rising edge of RD. 

Interrupt Operation is intended to be~d in interrupt 
driven systems or applications where INT signals the 
transfer of data 

1.6.2 WRITE-READ MODE 
Write-Read Operation ~he same as Interrupt 
Operation except that RD is brought low before the 
internal conversion is completed (before INT goes low). 

Timing for Write-Read OReration is shown in Figure 3 . 
To perform a conversion, CS must be low to select the 
device. INT falling ~ starts the acquisition period. 
The falling edge of WR ends the acquisition period and 
the MSB decision is made. Then, the ISB and LSB 
decisio!]Lare made by internal timing signals. In this 
mode, RD is brought low before the internal 
conversion is completed. When the internal conversion 
is completed, INT will be force<!J.Qw and data will 
appear on DBO-DB9 as long as RD is still low. INT is 
reset high and DBO-DB9 is reset to high impedance on 
the rising edge of RD. 

Write-Read Operation is intended for applications 
where RD controls the transfer of data to a 
microprocessor. 

1.6.3 READ MODE 
Read Mode Operation is l!!!QIemented by tying RD to 
WR and keeping RD and WR low long enough so that 
the conversion time is totally determined by the 
internal timing signals. 

Timing for th~ead Mode is shown in Figure 4. To do 
a conversion, CS must be low to select the device. The 
RD and WR falling edge starts the conversion. 
RD and WR is held low for the entire internal 
conversion. Thus, the MSB, ISB, and LSB comparisons 
along with the end of the acquisition period are made 
by internally generated timing signals. After t~ 
conversion is complete, INT goes low. Since RD is fixed 
low, DBO-DB9 wl!Lgo from high impedance to active 
state as soon as INT goes low. INT is reset high and 
DBO-DB9~ reset to high impedance on rising edge of 
WR and RD. 
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ML2271 

Read Mode Operation allows a conversion to be done 
with the device's own internal timing and thus, no 
external timing is needed. 

2.0 TYPICAL APPLICATIONS 

sv 

PROfECTION IS REQUIRED IF INPUT CURRENT> 2SmA 

Figure 8. Protecting the Input 

4.S0V 

1.6.4 POWER-ON RESET 

When power is first applied, !!!l.internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the M12271 from starting in 
an unknown state. During this period of approximately 
SOps, INT remains high and the data bus is in the high­
impedance state. 

ML2271 
A Vee t-r~-...... OSv 

+VREF 

-VREF 

GND 

Figure 9. Using Vee as Reference for Ratiometric 
Operation 

H~-------IVREFOUT 
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Figure 10. Using Extemal Reference of D/A 
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2.0 TYPICAL APPLICATIONS (Continued) 

5V 5V 

10k ML2271 
A Vee 

20k o Vee 
+VREF 

10k VON 
VON 

20k -Va,. 
GNo 

-= -= 

Figure 11. 68000 Type Interface to ML2271 Figure 12. ±2.5V Analog Input Range 

cs~.----------cs 
WR~~~-------WR 
RD~-H--------RD A 
~-H--------+INT 

DATA 

~---------RD B 
INT INT 

ML2271 
oB91--------,,[}<;"'r,;;-i\------'\1 oB0I-___________ -,/ 

Figure 13. Simultaneous Sampling of liNo Variables 
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2.0 TYPICAL APPLICATIONS (Continued) 
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Figure 14. TMS320 Interface with D/A Output 
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Figure 15. Operating with a Ratiometric Analog Signal of 15% of Vee to 85% of Vee 
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ML2271 

ORDERING INFORMATION 

TEMPERATURE 
PART NUMBER LINEARITY ERROR RANGE PACKAGE 

ML2271BMJ ±Y2 LSB -55°C to +125°C HERMETIC DIP 
ML2271BIJ -40°C to +85°C HERMETIC DIP 
ML2271BCP O°C to +70°C MOLDED DIP 
ML2271BCS O°C to +70°C MOLDED SOIC 
ML2271CMJ ±1 LSB -55°C to +125°C HERMETIC DIP 
ML2271C1J -40°C to +85°C HERMETIC DIP 
ML2271CCP O°C to +70°C MOLDED DIP 
ML2271CCS O°C to +70°C MOLDED SOIC 
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'Micro Linear ML2280, ML2283 
Serial I 10 8-Bit AID Converters 

GENERAL DESCRIPTION 
The ML2280 and ML2283 are 8-bit successive approximation 
AID converters with seriall!O and configurable input 
multiplexers with up to 4 input channels. 

All errors of the sample-and-hold incorporated on the 
ML2280 and ML2283, are accounted for in the analog-to­
digital converters accuracy specification. 

The voltage reference can be externally set to any value 
between GND and Vee, thus allowing a full conversion over 
a relatively small voltage span if desired. 

The ML2283 is an enhanced double polysilicon CMOS pin 
compatible second source for the ADC0833 AI D converter. 
All parameters are guaranteed over temperature with a 
power supply voltage of SV ±10%. 

BLOCK DIAGRAMS 

ML2280 

Cs 

CLK 

VREF/2 

1 1 
Vee GND 

FEATURES 
• Conversion time 6/-1s 
• ML2280 capable of digitizing a 5 V, 40 kHz sine wave 
• Total unadjusted error with external 

reference ±lhLSBor ±lLSB 
• Sample-and-hold 375 ns acquisition 
• Oto 5Vanalog input range with single 5V power 

supply 
• 2.5 V reference provides 0 to 5V analog input range 
• No zero or full-scale adjust required 
• Low power 12.5 mW MAX 
• Analog input protection 25 mA (min) per input 
• Differential analog voltage inputs 
.0.3" width 8- or 14-pin DIP 
• 4-channel input MUX option 
• Superior pin compatible replacement for ADC0833 

ML2283 

or 

SARS 
4-Bit 

ClK 

Cs 

DO 

o SE 
CHO 

4·CHANNEL 
CHl S.E. AID 

OR CONVERTER --oDGND 

CH2 2-CHANNEL WITH 
DIFF. SAMPLE & HOLD 

MULTIPLEXER FUNCTION 

b b 
AGND VREf/2 Vee v+ 
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PIN CONNECTIONS 

ML2280 Single Differential Input 

B-PIN DIP 

G08 Vcc 
VIN(+) 2 7 CLK 

VIN(-) 3 6 00 

GNO 4 5 VREF/2 

TOP VIEW 

PIN DESCRIPTION 
NAME 

Vee 
DGND 

AGND 

GND 

V+ 

DO 

FUNCTION 

Positive supply. 5volts ± 10% 
Digital ground. Ovolts. All digital 
inputs and outputs are referenced 
to this point. 
Analog ground. The negative refer­
ence voltage for AI D converter. 
Combined analog and digital 
ground. 
Analog inputs. Digitally selected to 
be single ended (VIN) or; VIN + or 
VIN- of a differential input. Analog 
rahge = GND"VIN"Vee 
Reference. The analog input range 
is twice the positive reference 
voltage value applied to this pin. 
Input to the Shunt Regulator. 
Data out. Digital output which 
contains result of AI D conversion. 
The serial data is clocked out on 
falling edges of ClK. 

ML2280, ML2283 

ML2283 4-Channel MUX 

V+ 

C5 

CHO 

CHI 

CH2 

CH3 

DGNO 

NAME 

SARS 

ClK 

DI 

14-PIN DIP 

Vee 

01 

ClK 

SARS 

00 

VREF/2 

TOP VIEW 

FUNCTION 

Successive approximation register 
status.Digital output which indi­
cates that a conversion is in pro­
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com­
pleted. When CS= 1, SARS is in 
high impedance state. 
Clock. Digital input which clocks 
data in on DI on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AI D 
conversion. 
Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 
Chip select. Selects the chip for 
multiplexer and channel assign­
ment and AI D converison. When 
CS= 1, all digital outputs are in high 
impedance state. When CS=O, 
normal AID conversion takes 
place. 
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ML2280, ML2283 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

CurrentintoV+ .................................. 15mA Supply Voltage, Vee ..................... 4.5VDe t06.3Voc 
Supply Voltage, Vee ............................... 6.5V Temperature Range (Note 3) ................ T MIN" TA" T MAX 
Voltage ML2280BMJ, ML2283BMJ ............... -55°Cto +125°C 

logic Inputs .......................... -7V to Vee +7V ML2280Blj, ML2283BIj ................. -40°Cto +85°C 
Analoglnputs ...................... -O.3VtoVee +O.3V ML2280Clj, ML2283C1j 

Input Current per Pin (Note 2) ..................... ± 25 mA ML2280BCp, ML2283BCP .................. O°Cto +70°C 
Storage Temperature ..................... -65°C to +150°C ML2280CCp, ML2283CCP 
Package Dissipation 

atTA=25°C (Board Mount) ..................... 800mW 
Lead Temperature (Soldering 10 sec.) 

Dual·ln-Line Package (Molded) .................... 260°C 
Dual-in-Line Package (Ceramic) .................... 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA= TMIN to TMAX, Vcc=5V ±10%, fClK =1.333MHz, and VREFI2=2.5V. 

ML2280B, ML2283B ML228OC, ML2283C 

PARAMETER NOTES CONDITIONS MIN I N~41 MAX MIN I N:;~ 4 I MAX UNITS 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 
Total Unadjusted Error 5,7 VREFI2=2.5V ±1f2 ±1 LSB 

VREF/2 not Connected ±2 ±2 LSB 

Reference input 5 3 5 7.5 3 5 7.5 kQ 
Resistance, VREF/2 

Common-Mode input 5,8 GND Vee GND Vee V 
Range -0.05 +0.05 -0.05 +0.05 

DC Common-Mode 6 Common Mode ±lh6 ±1/. ±lh6 ±1/4 LSB 
Error Voltage GND to Vee/2 

AC Common-Mode 6 Comon Mode Voltage ±1/4 ±1/. LSB 
Error GNDtoVee, 

Oto 50kHz 

DC Power Supply 6 Vee=5V±1O% ±1/32 ±1f. ±1/32 ±1/. LSB 
Sensitivity VREF"Vee+0.1V 

AC Power Supply 6 100mVp.p, 25 kHz Sine ±1/. ±1/4 LSB 
Sensitivity on Vee 

Change in Zero Error 6 15mA intoV+ ±112 ±112 LSB 
from Vee-5Vto Inter- Vee=N.C. 
nal Zener Operation VREFI2=2.5V 

Vz, Internal Diode 15mAintoV+ 6.9 6.9 V 
Regulated Breakdown 
(atV+) 

V + Input Resistance 5 20 35 20 35 kQ 

IOff' Off Channel 5,9 On Channel = Vee -1 -1 "A 
Leakage Current Off Channel =OV 

On Channel = 0 V +1 +1 "A 
Off Channel = Vee 

IOn' On Channel 5,9 On Channel=OV -1 -1 "A 
Leakage Cu rrent Off Channel = Vee 

On Channel-Vee +1 +1 "A 
OffChannel-OV 
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ML2280, ML2283 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA= TMIN to TMAX, Vcc-SV±lO%, fCLK=1.333MHz, and VREFI2=2.SV. 

TYP 
PARAMETER CONDITIONS NOTE 4 

DIGITAL AND DC CHARACTERISTICS 
VIN(l), logical "1" Input 
Voltage 

5 2.0 

VIN(O)' logical "0" Input 5 
Voltage 

IINO)' logical "1" Input Current 5 VIN=VCC 

IIN(O), logical "0" Input 5 VIN=OV -1 
Current 

VOUTO), logical "1" Output 
Voltage 

5 IOUT=-2mA 4.0 

VOUT(O)' logical "0" Output 5 louT=2mA 
Voltage 

lOUT, Hi-Z Output 5 VOUT=OV -1 
Current VOUT=VCC 

ISOURCE' Output Source 5 VOUT=OV -6.5 
Current 

ISINK' Output Sink Current 5 VOUT=VCC 
Icc, Supply Current 5 1.3 

AI:. ELECTRICAL CHARACTERISTICS 
fClK, Clock Frequency 5 10 

tACQ' Sample-and-Hold 112 
Acquistion 

Ie, Conversion Time Not including MUX 8 
Addressing Time 

SNR, Signal to Noise Ratio 12 VIN=4OkHz,5VSine. 47 
ML2280 fClK = 1.333 MHz 

(fSAMPLlNGa!120 kHz). 
Noise is Sum of All 
Nonfundamental 
Components up to 112 of 
fSAMPLING 

THO, Total Harmonic 12 VIN-4OkHz, 5V Sine. -60 
Distortion ML2280 fClK -1.333 MHz 

(fSAMPLlNGa!120 kHz). 
THO is Sum of 2,3,4,5 
Harmonics Relative to 
Fu ndamental 

IMD, Intermodulation 12 VIN -fA +fs. fA =4OkHz, -60 
Distortion ML2280 2.5VSine. 

fs = 39.8 kHz, 2.5 V Sine, 
fClK = 1.333 MHz 
(fSAMPLlNGa!120kHz). 
IMD is (fA +fs), (fA -fs), 
(2 fA +fsl, (2fr fs), 
(fA+2fs), (fA-2fs) Rela-
tive to Fundamental 

Clock Duty Cycle 5,10 40 

tsET.U~ CS Falling Edge or Data 5 130 
Input Valid to CLK Rising Edge 

ltiOLD, Data Input Valid after 5 80 
CLK Rising Edge 

'Micro Linear 
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ML2280,ML2283 

ELECTRICAL CHARACTE RISTICS (Continued) 

Unless otherwise specified TA = T MIN to T MAX, VCc=SV ±10%, fCLK= 1.333 MHz, and VREFl2=2.SV 

PARAMETER CONDITIONS 

AC ELECTRICAL CHARACTERISTICS 

~1' tpdo-ClK Falling Edge to 5,11 CL ~100pF 
utput Data Valid Data MSB First 90 

Data LSB First 50 

tlH, toH,-Rising Edge ofCS to 6 CL ~ lOpF, RL ~ 10k (see 40 
Data Output and SARS Hi·Z High Impedance Test 

Circuits) 

6 CL ~100pF, RL ~2k 80 

CIN, Capacitance of Logic 5 
Input 

CaUT, Capacitance of Logic 5 
Outputs 

200 
110 

90 

160 

LIMIT 
UNITS 

ns 
ns 

ns 

ns 

pF 

pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN <GND or VIN > Vee) the absolute value of current althat 
pin should be limited to 25 mA or less. 

Note 3: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. O°C 
to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sam­
pling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 

Note 8: For VIN( -);;. VIN( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (See Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vee supply. Be careful, 
during testing at low Vee levels (4.5V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50mV forward bias of either diode. This means that as long as 
the analog VIN orVREF does not exceed the supply voltage by more than 50m\!, the output code will be correct. To achieve an absolute OV to 
5V input voltage range will therefore require a minimum supply voltage of 4.950 V DC over temperature variations, initial tolerance and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, time the clock is high orthe minimum time the clock is low must be at least 300ns. The maximum 
time the clock can be high or low is 60l's. 
Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (See 
Block Diagram) to allow for comparator response time. 

Note 12: Because of multiplexer addressing, test conditions for the ML2283 is V IN ~ 30 kHz, 5V sine (fsAMPLlNG"89kHz). 
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ML2280 Timing 
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1.0 FUNCTIONAL DESCRIPTION 
1.1 Multiplexer Addressing 

Table 1. ML2283 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

The design of these converters utilizes a sample data compar­
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be­
tween an assigned" +" input terminal and a "-" input ter­
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is less than the 
"-" input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, or differential options. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana­
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channell may be 
selected as a different pair but channel 0 or channell cannot 
act differentially with any other channel. In addition to select­
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in Iable 1. 

The MUX address is shifted into the converter via the 01 
'input. Since the ML2280 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
add ressi ng. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen­
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 

2 DIFFERENTIAL 

+(-) 

-(+) 

+(-) 

-(+) 

SGLI 
OIF 
1 

1 

1 

1 

SGLI 
OIF 

0 
0 
0 
0 

Single-Ended MUX Mode 

MUXAddress 

0001 SELECT 

SIGN 1 0 0 

0 0 1 + 
0 1 1 

1 0 1 

1 1 1 

Differential MUX Mode 

MUXAddress 

ODDI SELECT 
SIGN 1 0 0 

0 0 1 + 
0 1 1 
1 0 1 -
1 1 1 

4 SINGLE-ENDED 

o + 

+ 

2 + 

3 + 

AGND 

MIXED MODE 

+ 

2 + 

3 + 

AGND 

Figure 7. Analog Input Multiplexer Functional 
Options for M12283 
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1.2 Digital I nterface 
The block diagram and timing diagrams in Figures 2-5 illus­
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the ClK input. On each rising edge of 
the clock, the data on DI is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the DI input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of '12 clock period is 
used for sample-and-hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the DI input is 
ignored. 

The DO output comes out of high impedance and provides a 
leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
IlP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this '12 clock cycle later. 

The serial data is always shifted out MSB first during the con­
version. After the conversion has been completed, the data is 
shifted out a second time with LSB first. The ML2280 data is 
shifted out only once, MSB first. 

All internal registers are cleared when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The DI input and DO output can be tied together and con-

MU280 
MU283 

vee 
5V 

10k 

V REF/2 

j Iz 
+ 

t 10k -.. 
1.2V T 

GND 

-= 
VFUll-SCAlE"2.4 V 

trolled through a bidirectionalllP I I 0 bit with one connec­
tion. This is possible because the DI input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 

1.3 Reference 
The ML2280 and Ml2283 are intended primarily for use in 
circuits requiring absolute accuracy. In this type of system, 
the analog inputs vary between very specific voltage limits 
and the reference voltage for the AI D converter must remain 
stable with time and temperature. For ratiometric applica­
tions, see the ML2281 and Ml2284 which have a VREF input 
that can be tied to Vee. 

The voltage applied to the VREF/2 pin defines the voltage span 
of the analog input (the difference between VIN + and VIN -) 
over which the 256 possible output codes apply. A full-scale 
conversion (an all1s output code) will result when the voltage 
difference between a selected" +" input and" -" input is 
approximately twice the voltage at the VREF/2 pin. This inter­
nal gain of 2 from the applied reference to the full-scale input 
voltage allows biasing a low voltage reference diode from the 
5 VDe converter supply. To accommodate a 5 V input span, 
only a 2.5V reference is required. The output code changes 
in accordance with the following equation: 

Output Code ~ 256 (VIN( +) - VINH) 
2(VREF /2) 

where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term VREF/2 is 
the voltage to ground. 

The VREF/2 pin is the center point of a two resistor divider 
(each resistor is 10kQ) connected from Vee to ground. Total 
ladder input resistance is the parallel combination of these 
two equal resistors. As shown in Figure 8, a reference diode 
with a voltage less than Vee/2 can be connected without 
requiring an external biasing resistor if its current require­
ments meet the indicated level. 

The minimum value OfVREF/2 can be quite small (See Typical 
Performance Curves) to allow direct conversions of trans­
ducer outputs providing less than a 5 V output span. Particu-

vee 
5V 

10k 

MU280 V 
MU283 

REF!2 

10k -~ 
2.5V 

GND 

VFUll-SCAlE"5.0V 

NOTE: NO EXTERNAL BIASING RESISTOR NEEDED IF vz< v~e and Iz min.< ve~!~; Vz 

Figure 8. Reference Biasing 
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lar care must be taken with regard to noise pickup, circuit 
layout and system error voltage sources when operating with 
a reduced span due to the increased sensitivity of the con­
verter (1 lSB equals VREFi256)' 

1.4 Analog Inputs and Sample/ Hold 
An important feature of the Ml2280 and Ml2283 is that they 
can be located at the source of the analog signal and then 
communicate with a controlling I-lP with just a few wires. This 
avoids bussing the analog inputs long distances and thus 
reduces noise pickup on these analog lines. However, in 
some cases, the analog inputs have a large common mode 
voltage or even some noise present along with the valid ana­
log signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both" +" and" -" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between" +" and"-" 
inputs. 

The Ml2280 and Ml2283 have a true sample-and-hold cir­
cuit which samples both" +" and" -" inputs simultane­
ously. This simultaneous sampling with a true SIH will give 
common mode rejection and AC linearity performance that 
is superior to devices where the two inputterminals are not 
sampled at the same instant and where true sample-and-hold 
capability does not exist. Thus, these AI D converters can 
reject AC common mode signals from DC-50 kHz as well as 
maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is '12 ClK per­
iod wide and occurs '/2 ClK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes atthe start of the SIH acquisition time, 8pF of 
capacitance is thrown onto the analog input. '12 ClK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the SIH acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
10ngerClK period can be used. 

For latch-up immunity each analog input has dual diodes to 
the supply rails, and a minimum of ± 25 mA (± lOOmA typi­
cally) can be injected into each analog input without causing 
latch-up. 

1.5 Zero Error Adjustment 
The zero of the AI D does not require adjustment. If the mini­
mum analog input voltage value, VINMIN is not ground, a 
zero offset can be done. The converter can be made to out-

ML2280, ML2283 

put 00000000 digital code for this minimum input voltage by 
biasing any VIN - input at this VINMIN value. This utilizes the 
differential mode operation of the AI D. 

The zero error of the AI D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the VIN - input and applying a small magnitude 
positive voltage to the VIN + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal '12 LSB value (1/2 LSB ~ 9.8 mV for 
VREFI2~2.500VDd· 

1.6 Full-Scale Adjustment 
The full-scale adjustment can be made by applying a differen­
tial input voltage which is 1'/2 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni­
tude of the VREFi2 input for a digital output code which is just 
changing from 11111110 to 11111111. 

1.7 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AI D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A VIN + voltage which equals this 
desired zero reference plus '12 LSB (where the LSB is calcu­
lated forthe desired analog span, 1 lSB~analog span/256) is 
applied to selected" +" input and the zero reference voltage 
at the corresponding" -" input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the VIN + input which is given by: 

VIN + fs adjust ~ VMAX-1.5*[(VMAX- VMIN)/256j 
where V MAX ~ high end of the analog input range 

VMIN ~ low end (offset zero) of the analog range 

The VREF or Vee voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.8 Shunt Regulator 
A unique feature of the ML2283 is the inclusion of a shunt 
regulator connected from V + terminal to ground which also 
connects to the Vee terminal (which is the actual converter 
supply) through a silicon diode as shown in Figure 9. When 
the regulator is turned on, the V + voltage is clamped at 11 
VSE set by the internal resistor ratio. The typical I-V curve of 
the shunt regulator is shown in Figure 70. It should be noted 
that before V + voltage is high enough to turn on the shunt 
regulator (which occurs at about 5.5V), 35 kQ of resistance is 
observed between V + and GND. When the shunt regulator 
is not used, V + pin should be either left floating or tied to 
GND. The temperature coefficient of the regulator is 
-22mV/°C. 
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12V v+ r------, Vcc 

\ I+~ I I 

CURRENT LIMITING I 
28.8k I 

RESISTOR, I + " 15 rnA I I 
I 

I I 
I I 
I I 
I I 
I I 

GNDI I 
I L.. ______ .J 

Figure 9. Shunt Regulator 

1+ 

15rnA ----------

1 
~ S!DP~-.l~ v+ 

~I .. 
5.5V 6.9V 

Figure 10. I-V Characteristic of the 
Shunt Regulator 

2.0 APPLICATIONS 

80511nteriace and Controlling Software 

CHO CS Pl3 

CLK Pl2 
ML2283 8051 

DI PI, 

CH3 DO Plo 

Mnemonic Instruction 

START ANL Pl, #OF7H ;SELECT AID 
(CS ~O) 

MOV B,#5 ;BITCOUNTER - 5 
MOV A,#ADDR ;A - MUXBIT 

LOOP 1: RRC A ;CY - ADDRESS BIT 
JC ONE ;TEST BIT 

;BIT~O 

ZERO: ANL Pl, #OFEH ;DI-O 
SJMP CONT ;CONTINUE 

;BIT~l 

ONE: ORL Pl,#l ;01-1 
CONT: ACALL PULSE ;PULSESKO -1- 0 

DJNZ B, LOOP 1 ;CONTINUE UNTIL DONE 
ACALL PULSE ; EXTRA CLOCK FOR SYNC 
MOV B,#8 ;BITCOUNTER - 8 

IOOP2' ACAII PULSE ;PULSESKO - 1 - 0 
MOV A,Pl ;CY - DO 
RRC A 
RRC A 
MOV A,C ;A - RESULT 
RLC A ;A(O) - BIT AND SHIFT 
MOV C,A ;C - RESULT 
DJNZ B, LOOP 2 ;CONTINUE UNTIL DONE 

RETI 
;PULSE SUBROUTINE 

PULSE: ORL Pl,#04 ;SK-l 
NOP ;DELAY 
ANL Pl,#OFBH ;SK-O 
RET 
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APPLICATIONS (Continued) 
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INPUT SHIFT REGISTER 
74HC165 

ANALOG INPUTS 

Ml2283 

OUTPUT SHIFT REGISTER 
74HC164 

10 

low-Cost Remote Temperature Sensor 

T 

lRL 

SVoc 

Ok 
IN 
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APPLICATIONS (Continued) 

15Voc 

-15Voc 

O.lQ 

Protecting the Input 

Vee 

ML2280 

Vee 
(SVoc) 

+ 
I10~F 

DIODE CLAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 25mA 

Digitizing a Current Flow 

-ILOAD (2A FULL-SCALE) Vee 
(5Voc) 0-_-'1.""'_-------""'-=---------------....., 

100Q Vee 
(5Voc) 

VIN(-) Vee 

+ 
240k IlO~F 

ML2280 
-=-

100Q 
ZERO :><If-------t VIN ( +) VREF/21-",....--t-:-< 

ADJ. 

120k 

...L 

Operating with Ratiometrie Transducers 

vee 
(5Voc) 

20k 

VXDR 

2k 

9.1k 

2.5V 

Span Adjust: OV';;VIN';;3V 

Vee 
(5Voc) 

VIN (+) Vee 
+ ,--o---\VIN (+) Veel--t------, 

1k 
ZERO VIN(-)' 

I1O~F 

ADJ. 

3k 

'VIN (-) =0.15Vee 

-=-
ML2280 

0.35 
Vee 

VREF/2I-=-....... C 

15% OF Vee ';VXDR ';85% OF Vee 
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APPLICATIONS (Continued) 

Zero-Shift and Span Adjust: 2V~VIN~5V 

Vee 
(5Voc) 

,---0--1 VIN (+) Vee 1---+--------, 
300Q 

ML2280, ML2283 

-=- 1.2k 
M12280 

-, 
I 
I 
I 
I 

\fIN ( - ) VREF/2 

I 
I 
I 

SETS ZERO 
CODE VOLTAGE 330 

I 
lk --' 

2.7k 2Voc -=-ZERO ADJ. 

Digital Load Cell 

330 

20k 

• USES ONE MORE WIRE THAN WAD CELL ITSELF 
• TWO MINI-DiPs COULD BE MOUNTED INSIDE LOAD CELL 

FOR DIGITAL OUTPUT TRANSDUCER 
• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 

SPECS FOR GAUGE FAClOR AND OFFSET 
• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 

HIGH NOISE IMMUNITY 
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?START 

Ls b ~ Q 

lOAD BO H>o- R 
COUNT 

ABCDDOWN TMS320 

~ LD 

SERIES 

Q 

5V /\Q 

1 D Q 
DSP 

/\Q 

LD 

A~b-ML22BO FSR 

CLK .A CLK 

~ VIN+ ~ VIN- CS 

DO DR 

CLK 

. Sampling Rate 111 KHz, Data Rate 1.33 MHz 

CLK 

I ~AU ~ ____________________________________________________ -J \ 

cs \ I "-
FSR \ I 

DO 
HI-Z HI-Z 

00 

Interfacing ML2280 to TMS320 Series 
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ORDERING INFORMATION 

PART NUMBER 
ALTERNATE 

PART NUMBER 

SINGLE ANALOG INPUT, B-PIN PACKAGE 

ML2280BMj 
ML2280BI) 
ML2280BCP 
ML228OCl) 
ML2280CCP 

FOUR ANALOG INPUTS, 14-PIN PACKAGE 

ML2283BM) ADC0833B) 
ML2283BI) ADC0833BC) 
ML2283BCP ADC0833BCN 
ML2283CI) ADC0833CC) 
ML2283CCP ADC0833CCN 

TOTAL 
UNADJUSTED ERROR 

±'i2LSB 

±lLSB 

±'i2LSB 

±lLSB 

'Micro Linear 
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TEMPERATURE 
RANGE 

-55°Cto +125°C 
-40°C to +85°C 

0° to +70OC 
-40°C to +85°C 

O°Cto +70°C 

-55°Cto +125°C 
-40°Cto +85°C 

0° to +70°C 
-40°C to +85°C 

O°Cto +70°C 

PACKAGE 

HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
HERMETIC DIP 
MOLDED DIP 

HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
HERMETIC DIP 
MOLDED DIP 
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.. Micro Linear ML2281,ML2282 
ML2284, ML2288 

Serial.fO 8-Bit AfD Converters with 
Multiplexer Options 

GENERAL DESCRIPTION 
The ML2281 family are 8-bit successive approximation AI D 
converters with serial 1/0 and configurable input multiplex­
ers with up to 8 input channels. 

All errors of the sample-and-hold, incorporated on the 
ML2281 family are accounted for in the analog-to-digital 
converters accuracy specification. 

The voltage reference can be externally set to any value be­
tween GND and Vee, thus allowing a full conversion over a 
relatively small voltage span if desired. 

The ML2281 family is an enhanced double polysilicon CMOS 
pin compatible second source for the ADC0831, ADC0832, 
ADC0834, and ADC0838 AI D converters. The ML2281 series 
enhancements are faster conversion time, true sample-and­
hold function, superior power supply rejection, improved AC 
common mode rejection, faster digital timing, and lower 
power dissipation. All parameters are guaranteed over 
temperature with a power supply voltage of SV ±10%. 

BLOCK DIAGRAMS 
ML2281 

VRE' 

l l 
Vee GND 

FEATURES 
• Conversion time 
• Total unadjusted error 
• Sample-and-hold 

6j.ts 
± 112 LSB or ±1 LSB 

375 ns acquisition 
• 2,4, or 8-input multiplexer options 
• 0 to 5 V analog input range with single 5 V power 

supply 
• Operates ratiometricaliy or with up to 5 V voltage 

reference 
• No zero or full-scale adjust required 
• ML2281 capable of digitizing a 5V, 40kHz sine wave 
• Low power 12.5 mW MAX 
.0.3" width 8-,14-, or 20-pin DIP 
• 20-pin surface mount PCC ML2288 
• Superior pin compatible replacement for ADC0831, 

ADC0832, ADC0834, and ADC0838 
• Analog input protection 25 mA (min) per input 

4-BIT 

CHO 

CH1 

CH2 8-CHANNEL 
S. E. 

CH3 OR 
CH4 4-CHANNEL 

CH5 
DIFF. 

MULTIPLEXER 

CH6 

CH7 

COMMON 

M12288 

1.------oDI 

1--+-----+0 SARS 

1+--.------0 CLK 

I---_>ODQ 

.------1----=:::;----<> SE 

AID 
CONVERfER 

WITH 
SAMPLE & HOLD 

FUNCTION 

~ 
AGND VRE' 

--<lDGND 

v+ 
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PIN CONNECTIONS 

ML2281 Single Differential Input 
U-PIN DIP 

ML2282 2-Channel MUX 
8-PIN DIP 

<:s[]U Vee 
V'N(+) 2 7 CLK 

V'N(-) 3 6 DO 

GND 4 5 VREF 

TOP VIEW 

ML2284 4-Channel MUX 
14-PIN DIP 

TOP VIEW 

<:s[]U Vee (VOH) 

CHO 2 7 ClK 

CHI 3 6DO 

GND 4 5 OJ 

TOP VIEW 

ML2288 8-Channel MUX 

20-PIN PCC 

CH2 CHI CHO Vee V + 

~\ I // 
I""lI""lMr"'L.[1 

CH3 4 32 1201~U <:s 

CH4 5 17 DI 
CH5 6 16 ClK 
CH6 7 IS SARS 

CH7 U91011121r DO 

TOP VIEW 

PI N DESCRI PIlON 
NAME 

Vee 

DGND 

AGND 

COM 

V+ 

FUNCTION 

Positive supply. Svolts ± 10% 

Digital ground. Ovolts. All digital 
inputs and outputs are referenced 
to this point. 

Analog ground. The negative refer­
ence voltage for AI D converter. 

Analog inputs. Digitally selected to 
be single ended (VIN) or; VIN + or 
VIW of a differential input. Analog 
range ~ GND"; VIN"; Vee 

Common reference point for ana­
log inputs. AI D conversion is 
performed on voltage difference 
between analog input and this 
common reference point if single­
end conversion is specified. 

Reference. The positive reference 
voltage for AI D converter. 

Shift enable. Input controls 
whether lSB first bit stream is 
shifted out on serial output DO. If 
SE ~ 1, MSB first is shifted out only. 
If 5E ~ 0, an MSB fi rst bit stream is 
shifted out, then a second bit 
stream with lSB first is shifted out 
after end of conversion. 

Input to the Shunt Regulator. 

NAME 

DO 

SARS 

ClK 

DI 

'Micro Linear 

ML2288 8-Channel MUX 

20-PIN DIP 

TOP VIEW 

CS 

01 

CLK 

SARS 

DO 

SE 

FUNCTION 

Data out. Digital output which 
contains result of AID conversion. 
The serial data is clocked out on 
falling edges of ClK. 

Successive approximation register 
status. Digital output which indi­
cates that a conversion is in pro­
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com­
pleted. When CS~ 1, SARS is in 
high impedance state. 

Clock.Digital input which clocks 
data in on DI on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AI D 
conversion. 

Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 

Chip select. Selects the chip for 
multiplexer and channel assign­
ment and AI D converison. When 
CS~ 1, all digital outputs are in high 
impedance state. When CS ~ 0, 
normal AI D conversion takes 
place. 
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~L2281,~L2282,~L2284,AAL2288 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Current into V + .................................. 15 mA Supply Voltage, Vee ..................... 4.5Voc t06.3Voc 
Supply Voltage, Vee ............................... 6.5V 
Voltage 

Logic Inputs .......................... -7V to Vee +7V 
Analoglnputs ...................... -O.3V to Vee +O.3V 

Input Current per Pin (Note 2) ..................... ± 25 mA 

Temperature Range (Note 3) ................ TMIN .. TA .. TMAX 
ML2281/2/4/8 BM) ................... -55°Cto +125°C 
ML2281/2/4/8CM) 
ML2281/2/4/8 BI) ..................... -40°Cto +85°C 
ML2281/2/4/8CI) 

Storage Temperature ................ " ... -65°Cto +150°C 
Package Dissipation 

ML2281/2/4/8 BCP ...................... O°Cto +70°C 
ML2281/2/4/8 CCP 

atTA=25°C (Board Mount) ..................... BOOmW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Molded) .................... 260° C 
Dual-In-Line Package (Ceramic) ................... 300° C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) .......................... 215° C 
Infrared (15 sec.) ............................. 220°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to TMAX, VCC=VREF=5V ±10%, and fCLK=1.333MHz 

ML22818, ML22828 ML2281C, ML2282C 
ML22848, ML22888 ML2284C, ML2288C 

PARAMETER NOTES CONDITIONS MIN I N~~41 MAX MIN I N~~41 MAX UNITS 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 
Total Unadjusted Error 5,7 VREF=Vee ±'h ±1 LSB 

Reference Input 5,8 6 10 15 6 10 15 kQ 
Resistance 

Common-Mode Input 5,9 GND Vee GND Vee V 
Range -0.05 +0.05 -0.05 +0.05 

DC Common-Mode 6 Common Mode ±'h6 ±'/. ±'h6 ±1f4 LSB 
Error Voltage GND to Vee/2 

AC Common-Mode 6 Comon Mode Voltage ±1f. ±1f4 LSB 
Error GND to Vee/2, 

Oto 50kHz 

DC Power Supply 6 Vee =5V±10% ±'/32 ±1f. ±'/32 ±'/. LSB 
Sensitivity VREF"Vee+O·1V 
AC Power Supply 6 1OOmVp.p, 25 kHz sine ±'/4 ±1f. LSB 
SensitiVity on Vee 

Change in Zero Error 6 15mAintoV+ ±'h ±'h LSB 
from Vee-5Vto Inter- Vee=N.C. VREF =5V 
nal Zener Operation 

Vz, Internal Diode 15mAintoV+ 6.9 6.9 V 
Regulated Breakdown 
(atV+) 

V + Input Resistance 5 20 35 20 35 kQ 

IOff' Off Channel 5,10 On Channel = Vee -1 -1 "A 
Leakage Current OffChannel=OV 

On Channel = 0 V +1 +1 "A 
Off Channel = Vee 

IOn' On Channel 5,10 On Channel=OV -1 -1 "A 
Leakage Cu rrent Off Channel = Vee 

On Channel = Vee +1 +1 "A 
Off Channel- 0 V 
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~l2281,~l2282,~l2284,~l2288 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA ~ T MIN to T MAX, VCC~ VREF~5V ± 10%, and fClK ~ 1.333MHz 

ML2281B, ML2282B ML2281C, ML2282C 
ML2284B, ML2288B ML2284C, ML2288C 

PARAMETER NOTES CONDITIONS MIN 
I TYP I 

NOTE 4 MAX MIN 
I TYP I 

NOTE 4 MAX 

DIGITAL AND DC CHARACTERISTICS 

V'N{lI' Logical "1" 5 20 20 
Input Voltage 

V'NIOI' Logical "0" 5 0.8 0.8 
Input Voltage 

liN II!' Logical "1" Input 5 V'N~VCC 1 1 
Current 

I'NIOI' Logical "0" Input 5 V'N~OV -1 -1 
Current 

VOUT{lI' Logical "1" 5 IOUT~ -2mA 4.0 40 
Output Voltage 

VOUTIOI, Logical "0" 5 louT~2mA 0.4 0.4 
Output Voltage 

lOUT, H,-Z Output 5 VOUT~OV -1 -1 
Current VOUT~VCC 1 1 

Isou RCE, Output 5 VOUT~OV -6.5 -6.5 
Sou rce Cu rrent 

ISINK' Output Sink 5 VOUT~VCC 8.0 8.0 
Current 

Icc, Supply Current 5 1.3 2.5 13 2.5 
ML2281, ML2284, 
ML2288 

ML2282 5 Includes Ladder 1.8 3.5 1.8 3.5 
Current 

PARAMETER CONDITIONS 

AC ELECTRICAL CHARACTERISTICS 

fCLK' Clock Frequency 5 10 1333 

tACO' Sample-and-Hold '12 
Acqulstlon 

tc, Conversion Time Not mcludlng MUX 8 
AddreSSing Time 

SNR, Signal to NOise RatiO 12 V'N~40kHz, 5VSine. 47 
ML2281 fCLK ~ 1.333 MHz 

(fSAMPLlNG~120 kHz). 
Noise is Sum of All 
Nonfundamental 
Components up to '/2 of 

fSAMPLING 

THO, Total Harmonic 12 V'N~40kHz, 5VSine. -60 
Distortion ML2281 fCLK ~ 1.333 MHz 

(fSAMPLlNG~120 kHz). 
THO IS Sum of 2,3,4,5 
Harmonics Relative to 
Fu ndamental 

'Micro Linear 

UNITS 

V 

V 

/AA 

/AA 

V 

V 

/AA 
/AA 

mA 

mA 

mA 

mA 

LIMIT 
UNITS 

kHz 

1/hK 

l/fcLK 

dB 

dB 
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~L2281,~L2282,~L2284,~L2288 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified TA = TMIN to TMAX, VCC=VREF=5V ±10%, and fClK = 1.333 MHz 

TYP 
PARAMETER CONDITIONS NOTE 4 

AC ELECTRICAL CHARACTERISTICS (Continued) 
IMD,lntermodulation 12 VIN=fA+fs. fA=4OkHz, -60 
Distortion ML2281 2.5V Sine. 

fs=39.8kHz, 2.5V Sine, 
fCLK =1.333MHz 
(fsAMPLlNG~120kHz). 
IMD is (fA +fs), (fA -fs), 
(2 fA +fs), (2 fA -fs), 
(fA+2fs), (fA-2fs) Rela-
tive to Fundamental 

Clock Duty Cycle 5,11 40 

tSET.UP, CS Falling Edge or Data 5 130 
Input Valid to CLK Rising Edge 

tHOLD, Data Input Valid after 5 80 
CLK Rising Edge 

~1' tpdQ-CLK Falling Edge to 5,13 CL =lOOpF 
utput Data Valid Data MSB First 90 

Data LSB First 50 

tlH, toH, - Rising Edge of CS to 6 CL =10pF, RL =10k(see 40 
Data Output and SARS HI-Z High Impedance Test 

Circuits) 

5 CL =100pF, RL =2k 80 

CIN, Capacitance of logic 5 
Input 

COUT, Capacitance of logiC 5 
Outputs 

60 

200 
110 

90 

160 

LIMIT 
UNITS 

dB 

% 

ns 

ns 

ns 
ns 

ns 

ns 

pF 

pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the Integrated circuit may be impaired. All voltages unless otherwise 
specified are measu red with respect to grou nd. 
Note 2: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN<GND or VIN >Vcd the absolute value of current at that 
pin should be limited to 25 mA or less. 
Note 3: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. O°C 
to 700 e and - 400 e to +85°e operating temperature range deviCes are 100% tested with temperature limits guaranteed by 100% testing, 
sampling, or by correlation with worst-case test conditions. 
Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Total unadjusted error Includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 
Note 8: Cannot be tested for ML2282. 
Note 9: For VIN( -) ;;'VIN( +) the digital output code will be 0000 0000. Two on-chlp diodes are tied to each analog input (see Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vee supply. Be careful, 
during testing at low Vee levels (4.5V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 
the analogVIN or VREF does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute OVto 
5V input voltage range will therefore require a minimum supply voltage of 4.950 Voc over temperature variations, initial tolerance and loading. 
Note 10: Leakage current IS measured with the clock not switching. 
Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these IIIl)its, the minimum, time the clock is high or the minimum time the clock is low must be at least 3OOns. The maximum 
time the clock can be high or low is 6O"s. 
Note 12: Because of multiplexer addreSSing, test conditions for the ML2282 would be VIN = 34kHz, 5V sine (fSAMPLlNG:::::102kHz); M12284 
VIN=32kHz, 5V sine (fSAMPLlNG:::::95 kHz); ML2288 VIN =30kHz, 5V sine (fsAMPLlNG:::::89 kHz). 
Note 13: Since data, MSB first, IS the output of the comparator used In the successive apprOXimation loop, an additional delay IS built in (see 
Block Diagram) to allow for comparator response time. 
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vee~t,. - 90% cs 50% 
GND 10% 

DOAND VOH~ 
SARSOUTPUTS GND ___ -"'" 

toH 

~ 
_ Vcc- 90% 
CS 50% 

GND 10% 

~
H 

DOAND Vee -----

SARS OUTPUTS VOL 10% 

FIgUre 1. High Impedance Test Circuits and Wavefonns 

Data Input Timing 

CLK 

Data Output Timing 

:~fIpdO,tpdl 
OUT (DO) __ J'---.,./ I. \._ 

---~2 
Sf 
~Is£r-UP 

ML2281 Start Con\'el'Sion Timing 

START 
CONVERSION 

DO - _____ , / ~ 
'-----' BIT 7 BIT 6 

(MSB) 

Figure 2. Timing Diagrams 
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CLOCK (CLK) 

CHIP SELECT (Cs) 

DATA IN (DI) 

ML2281 Timing 

4 6 8 10 11 

CLOCK (CLK) 

-l j.- ISH-UP 

CHIP SELECT (Cs) I I I 

~-I------------------------~ 

DATA OUT (DO) 
i I-

4 6 

7 
(MSB) 

o 
(LSB) 

'LSB FIRST OUTPUT NOT AVAILABLE ON MU281 

ML2282 TIming 

DATA OUT (DO) --=:;--;-, 

ML2284 Timing 

6 

CLOCK(CLK) 

HI-Z 

-I r-ISH-UP i 
CHIPSELECT(Cs) II ADDRESS Muxi 

~~----~I~----------------------~---------------------r------~ 

ODD/SI[G11IJ~~~~~~~~~~~~E2!~~~~~~~~~~~~~~~~~~~~~ DON'T CARE (DI DISABLED UNTIL NEXT CONVERSION CYCLE) 

SGLlDIF s~~~rr--A!DCONVERSION IN PROCESS 

DATA IN (DI) 

SAR STATUS (SARS) II 
HI-ZL-____ -+...J_ 

I 
I 
I 

DATA OUT (DO) HI-Z ~ 

SAMPLE & HOLD 
ACQUISITION (tACQ) 
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ClOCK(ClK) 

DATA IN (DI) 

SAR STATUS (SARS) 

DMAO~~~;--------~~----~' 

Toc~~~~61 
LSB FIRST 
OUTPUT 

ISo 

DO -----:-=---+-1 

1.0 

0.75 

S 
~ .. 
:i! 
ffi O.S 

~ 
~ 
::l 

0.25 

o 

~L2281,~L2282,~L2284,~L2288 

ML2288 Timing 

w n a D M U • v m w w ~ n D M B • 

III 
*CLOCK EDGE #18 CLOCKS IN THE lSB BEFORE Sf IS TAKEN LOW 

Figure 2. Timing Diagrams (Continued) 

vLW 
VREf=SV I--

~125OC 
_55°C 

,/' 

rl 
I 

o 0.01 0.1 

CLOCK FREQUENCY (MHz) 

Figure 3. linearity Error vs fCLK 
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~L2281,~L2282,~L2284,~L2288 

0.75 

0.25 

o 

I 
Vee = 5V 
fClK::: 1.333MHz 

" ~ -~ 
~ ;;;;;25°C 

I 
o 

VREF (Voc) 

Figure 4. Linearity Error vs VREF Voltage 

17 
~'O'~8-----------------------------------' 

VCC=5V 
VIN =ov 
fClK=1.333MHz 
TA=25°C 

0.75 

fO 
~ 
" 
~ 0.5 
... 
~ 

0 

" 0.25 

~ r-----o 
o 

VREF(VOC) 

Figure 5. Unadjusted Offset Error vs VREF Voltage 

START I. 
ClKo-------------+-----+_~~+_----~----------~--~------------------_, 13_* 

r---------------~_+------~~_oSE Vee 

• CHS' O-+_--+----+_+--r~ 

CH6* 6--t=!!!:1~+-+---;::::: 
CH7* g8-+~tl~':t~ __ -.;::::: 

ANALOG 
MUX 

(EQUIVAlENn 

COM*o-----+--~~i:::::::::~=---------~ 
12 

VREF 0;:;,----------------------:---:,----------_+. 
Vee 02"'0------________ ~--+~~R~JI~~~AL 

V+·o----~--_t*_~ 
Vee 

INPUT l --
13~TO 

17 rh CIRCUITS 
DGNDl 16 '* INTERNAL 

18 

INPUT PROTEGION-ALllOGIC INPUTS 
AGND·o----------~~~~~~~~~~~~ 

'SOME OF THESE FUNCTIONS/PINS ARE NOT AVAILABLE WITH OTHER OPTIONS. 
NOTE 1: FOR THE ML22B4 OilS INPUT DIRECTLY TO THE 0 INPUT OF SELECT 1. SELECT 0 IS FORCED TO A "1". FOR THE ML2282, OilS INPUT DIRECTLY TO THE 0 
INPUT OF O~~/SIGN. SELECT 0 IS FORCED TO A "1" AND SELECT liS FORCED TO A "0". 

Figure 6. ML2288 Functional Block Diagram 
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1.0 FUNCTIONAL OESCRI PTION 
1.1 Multiplexer Addressing 
The design of these converters utilizes a sample data compar­
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be­
tween an assigned" +" input terminal and a" -" input ter­
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is less than the 
"-" input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, differential, or pseudo differential options. The 
pseudo differential option will convert the difference be­
tween the voltage at any analog input and a common termi­
nal. One converter package can now accomodate ground 
referenced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana­
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channell may be 
selected as a different pair but channel 0 or channell cannot 
act differentially with any other channel. In addition to select­
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in Tables 1,2, 
and3. 
The MUX address is shifted into the converter via the DI 
input. Since the ML2281 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

The common input line on the ML2288 can be used as a 
pseudo differential input. In this mode, the voltage on the 
COM pin is treated as the" -" input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single supply 
applications where the analog circuitry may be biased at a 
potential other than ground and the output signals are all 
referred to this potential. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen­
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 

Table 1. ML2288 MUX Addressing 8 Single-Ended or 4 
Differential Channels 

Single-Ended MUX Mode 

MUXAddress Analog Single-Ended Channel # 

SGLI 0001 SELECT 

DIF SIGN 1 0 0 1 2 3 4 5 6 7 COM 

1 0 0 0 + -

1 0 0 1 + -
1 0 1 0 + -
1 0 1 1 + -
1 1 0 0 + -
1 1 0 1 + -
1 1 1 0 + -
1 1 1 1 + -

Differential MUX Mode 

MUxAddress Analog Differential Channel-Pair # 

SGLI 0001 SELECT 0 1 2 

DIF SIGN 1 0 0 1 2 3 4 5 

0 0 0 0 + -
0 0 0 1 + -
0 0 1 0 + -
0 0 1 1 

0 1 0 0 - + 
0 1 0 1 - + 
0 1 1 0 - + 
0 1 1 1 

Table 2. ML2284 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

Single-Ended MUX Mode 

MUXAddress Channel # 

SGLI 0001 SELECT 

DIF SIGN 1 0 1 2 

1 0 0 + 
1 0 1 + 
1 1 0 + 

1 1 1 

3 

6 7 

+ -

- + 

3 

+ 
COM is internally tied to A GND 

Differential MUX Mode 

MUXAddress Channel # 

SGLI ODD! SELECT 

DIF SIGN 1 0 1 2 3 
0 0 0 + -

0 0 1 + -

0 1 0 - + 
0 1 1 - + 
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ML2281, ML2282, ML2284, ML2288 

Table 3. ML2282 MUX Addressing 2 Single-Ended or 1 
Differential Channel 

Single-Ended MUX Mode 

MUXAcidress Channel # 
SGLlDIF ODD/SIGN 0 1 

1 0 + 
1 1 + 

COM is internally tied to GND 

Differential MUX Mode 

MUXAcidress Channel # 
SGLlDIF ODD/SIGN 0 1 

0 0 + -
0 1 - + 

8 Sing\e-Ended 8 Pseudo-Differential 

0 + 0 + 

+ + 

2 + + 

3 + 3 + 

4 + 4 + 

5 + + 

6 + 6 + 

+ + 

COM(-) + 
COM(-) 

VOIAS-=-

* 
4 Differential Mixed Mode 

O,l( + 

O,l( +(-) 

- (+) 
2,3( 

2,3 { 
+(-) + 

- (+) 4 + 

4,5( 
+(-) 

+ 
- (+) 

6,7( 
+(-) 6 + 

- (+) 7 + 

+ 
COM(-) 

VOIAS-=-

~ 

Figure 7. Analog Input Multiplexer Functional 
Options for ML2288 

1.2 Digitallnterface 

The block diagram and timing diagrams in Figures 2-5 illus­
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held loW for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the ClK input. On each rising edge of 
the clock, the data on 01 is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the 01 input (alileac:jing edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the' MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of 1/2 clock period is 
used for sample & hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the 01 input is 
ignored. 

The DO output comes out of High impedance and provides 
a leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive \(oltage from the internal OAC, 
appears at the 00 output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
IlP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this 1/2 clock cycle later. ' 

The serial data is always shifted out MSB first during the con­
version. After the conversion has been completed, the data 
can be shifted out a second time with lSB first, depending on 
level of SE input. For the case of Ml2288, if SE -1, the data is 
shifted out MSB first during the conversion only. If SE is 
brought low before the end of conversion (which is signalled 
by the high to low tranSition of ~AI{~), the data IS shifted out 
again immediately after the end of conversion; this time lSB 
first. If SE is brought low after end of conversion, the lSB first 
data is shifted out on falling edges of clock after SE goes low. 
For ML2282 and 2284, SE is internally tied low, so data is 
shifted out MSB first, then shifted out a second time lSB first 
at end of conversion. For Ml2281, SE is internally tied high, 
so data is shifted out only once MSB first. 

All iriternal registers are cleared when the GS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The 01 input and DO output can be tied together and con­
trolled through a bidirectionalllP I/O bit with one connec­
tion. This is possible because the 01 input is only latched in 
during the MUX addressing interval while the 00 output is 
still in the high impedance state. 
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1.3 Reference 

The voltage applied to the reference input to these converters 
defines the voltage span of the analog input (the difference 
between VINmax and V1Nmin) over which the 256 possible 
output codes apply. The devices can be used in either ra­
tiometric applications or in systems requiring absolute accu­
racy. The reference pin must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 10k. This pin is the top of a resistor divider string 
used for the successive approximation conversion. 

In a ratiometric system, the analog input voltage is propor­
tional to the voltage used for the AID reference. This voltage 
is typically the system power supply, so the VREF pin can be 
tied to Vee. This technique relaxes the stability requirements 
of the system reference as the analog input and AI D refer­
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be­
tween specific voltage limits, the reference pin can be biased 
with a time and temperature stable voltage source. 

The maximum value of the reference is limited to the Vee 
supply voltage. The minimum value, however, can be quite 
small to allow direct conversion of inputs with less than 5 
volts of voltage span. Particular care must be taken with re­
gard to noise pickup, circuit layout and system error voltage 
sources when operating with a reduced span due to the 
increased sensitivity of the converter. 

1.4 Analog Inputs and Sample/Hold 

An important feature of the Ml2281 family of devices is that 
they can be located at the source of the analog signal and 
then communicate with a controlling liP with just a few 
wires. This avoids bussing the analog inputs long distances 
and thus reduces noise pickup on these analog lines. How­
ever, in some cases, the analog inputs have a large common 
mode voltage or even some noise present along with the 
valid analog signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both" +" and" -" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between" +" and" -" 
inputs. 

The Ml2281 family have a true sample and hold circuit 
which samples both" +" and" _" inputs simultaneously. 
This simultaneous sampling with a true S/H will give com­
mon mode rejection and AC linearity performance that is 
superior to devices where the two input terminals are not 
sampled at the same instant and where true sample and hold 
capability does not exist. Thus, the Ml2281 family of devices 
can reject AC common mode signals from DC-50 kHz as well 
as maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is '12 ClK per­
iod wide and occurs '/2 ClK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the S / H acquisition time, 8 pF of 

capacitance is thrown onto the analog input. '12 ClK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the S/H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer ClK period can be used. 

The Ml2281X family has improved latchup immunity. Each 
analog input has dual diodes to the supply rails, and a mini­
mum of +1 - 25mA (+1 -l00mA typically) can be injected 
into each analog input without causing latchup. 

1.5 Dynamic Performance 
Signal-to-Noise-Ratio 

Signal-to-noise ratio (SNR) is the measured signal-to-noise at 
the output of the converter. The signal is the RMS magnitude 
of the fundamental. Noise is the RMS sum of all the nonfun­
damental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more levels, the smaller the quanti­
zation noise. The theoretical SNR for a sine wave is given by 

SNR=(6.02N +1.76) dB 

where N is the number of bits. Thus for ideal 8-bit converter, 
SNR=49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the RMS sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
Ml2281 Series is defined as 

20 log 
(V22 +V32 +V42 +Vs2) 1/2 

V, 

where V, is the RMS amplitude of the fundamental and V2, 
V3, V 4, Vs are the RMS amplitudes of the individual 
harmonics. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fB' any active device with nonlinearities will create distor­
tion products, of order (m +n), at sum and difference frequen­
cies of mfA +nfB' where m, n=O, 1, 2, 3, .... Intermodulation 
terms are those for which m or n is not equal to zero. The 
(IMD) intermodulation distortion specification includes the 
second order terms (fA +fB) and (fA - fB) and the third order 
terms (2 fA +fB), (2 fA -fB), (fA +2fB) and (fA - 2fB) only. 

1.6 Zero Error Adjustment 

The zero of the AI D does not require adjustment. If the mini­
mum analog input voltage value, VINmin is not ground, a 
zero offset can be done. The converter can be made to out­
put 00000000 digital code for this minimum input voltage by 
biasing any VIN - input at this VIN min value. This utilizes the 
differential mode operation of the AI D. 
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The zero error of the AI D converter relates to the location of 
the first riser ofthe transfer function and can be measured by 
grounding the VIN - input and applying a small magnitude 
positive voltage to the VIN + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal '12 LSB value (112 LSB=9.8mV for 
VREF=5.0ooVDd· 

1.7 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen­
tial input voltage which is 1'12 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni­
tude of the VREF input or Vee for a digital output code which 
is just changing from 11111110 to 11111111. 

1.8 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AI D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A VIN + voltage which equals this 
desired zero reference plus '12 LSB (where the LSB is calcu­
lated forthe desired analog span, 1 LSB =analog span/256) is 
applied to selected" +" input and the zero reference voltage 
at the corresponding" -" input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the VIN + input which is given by: 

VIN + fs adjust = Vmax -1.5*[(Vmax-Vmin) 1256] 
where Vmax = high end of the analog input range 

Vmin = low end (offset zero) of the analog range 
The VREF or Vee voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.9 Shunt Regulator 

A unique feature of ML2288 and ML2284 is the inclusion of a 
shunt regulator connected from V + lermin,,1 10 Qrollnn 

which a~o connects to the Vee terminal (which is the ~ctual 
converter supply) through a silicon diode as shown in Figure 
8. When the regulator is turned on, the V + voltage is 
clamped at 11 VBE set by the internal resistor ratio. The typical 
I-V curve of the shunt regulator is shown in Figure 9. It should 
be noted that before V + voltage is high enough to turn on 
the shunt regulator (which occurs at about 5.5V), 35kQ of 
iesistance is observed between V + and GND. When the 
shunt regulator is not used, V + pin should be either left float­
ing or tied to GND. The temperature coefficient of the regula­
tor is - 22 mV 1°C. 

12V v+ r-------, Vee 

\ I+~ I 
CURRENT LIMITING II 
RESISTOR, I +.; 15 rnA I 

I 
I 
I 
I 
I 

GNol 
1.. _____ _ 

Figure 8. Shunt Regulator 

1+ 

15mA ----------

SLOPE = .1. 
~==--=i ~II~+ 

S.SV 6.9V 

Figure 9. I-V Characteristic of the 
Shunt Regulator 
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2.0 APPLICATIONS 

START 

LOOP 1: 

ZERO: 

ONE: 
CONT: 

LOOP 2: 

RETI 

PULSE: 

~l2281,~l2282,~l2284,~l2288 

8051 Interface and Controlling Software 

cS Pl3 

CLK 
ML2288 

OJ 

CH7 DO Plo 

Mnemonic 

ANL Pl, #OF7H 

MOV B,#5 
MOV A,#ADDR 
RRC A 
JC ONE 

ANL Pl, #OFEH 
SJMP CONT 

ORL Pl, #1 
ACALL PULSE 
DJNZ B, LOOP 1 

ACALL PULSE 

MOV B,#8 
ACALL PULSE 
MOV A, Pl 
RRC A 
RRC A 
MOV A,C 
RLC A 
MOV C,A 
DJNZ B, LOOP 2 

ORL Pl,#04 
NOP 
ANL Pl, #OFBH 
RET 

8051 

Instruction 

;SELECT AID 
(CS ~O) 
;BIT COUNTER - 5 
;A - MUXBIT 
;CY - ADDRESS BIT 
;TEST BIT 
;BIT~O 

;DI-O 
;CONTINUE 
;BIT~l 

;Dl-l 
;PULSESKO -1- 0 
;CONTINUE UNTIL 
DONE 
; EXTRA CLOCK FOR 
SYNC 
;BITCOUNTER - 8 
;PULSESKO - 1 - 0 
;CY- DO 

;A - RESULT 
;A(O) - BIT AND SHIFT 
;C - RESULT 
;CONTINUE UNTIL 
DONE 

;PULSE SUBROUTINE 
;SK-l 
;DELAY 
;SK - 0 
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APPLICATIONS (Continued) 

5Voc 

CLOSE 1 START THE 
AID CONVERSION 

ML2288 "Stand-Alone" or Evaluation Circuit 
MUXADDRESS 

51k(4) 

i i i 
11 12 13 14 

S 
PARALLEL INPUTS 

CLK INPUT SHIFT REGISTER 
74H065 

10 

NC 
5 Voc (OR Y,N) 

18 
Cs ANALOG INPUTS 

16 
CLK ML2288 

i 
3 

L-__ +--IQ D 

LM335 

2-180 

I~~ ~k(8)rJ 
li274HC74 _ 

MSB 

I.ow-Cost Remote Temperature Sensor Vee 
(5Voc) 

3k 

.,--~_----I Y,N (+) 

10k 
TAMIN 

ADJ. 

ML2281 

V,N(-) 
10k 

VREf I---~TAMAX 
ADJ. 

'Micro Linear 

5VOC 

START BIT 

SGLiDIF 

NC 

Vee DO 

14 

5Voc 

17 -::-

DI 
5Voc 

SE13 



APPLICATIONS (Continued) 

Obtaining 9-Bit Resolution 

Vee~---+------~-------------, 

CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH 
INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE. 

THIS INFORMATION PROVIDES THE EXTRA BITS. 

- 15Voc 

Protecting the ;Input 

ML2281 

Vee 
(5Voc) 

+ 
IlO~F 

DIODE CLAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 25mA 

Digitizing a Current Flow 

Vee O.IQ -ILOAD (2A FULL-SCALE) 
(5Vocl 

l00Q Vee 
(5Voc) 

VIN(-) Vee 

+ 
240k IlO~F 2k 

-::-

-::- ML2281 9.1k 

l00Q LM336 
ZERO VIN (+) VREF 

ADJ. 

120k -::- -::-

Operating with Ratiometric Transducers Span Adjust: OV .. VIN .. 3V 

20k 

VXDR 
VIN (+) Vee 

lk 
ZERO VIN (-). 

ADJ. 

3k ML2281 

'VIN(-) =O.15Vee 
15% OF Vee ~ VXDR ~ 85 % OF Vee 

Vee 
(5Voc) 

+ 
IlO~F 

10k 

lk 
FS 
ADJ. 

24k 

Vee 
(5Voc) 

r---0---!VIN (+) Vee 1-+------------, 

ML2281 

'Micro Linear 
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APPLICATIONS (Continued) 

Zero-Shift and Span Adjust: 2V ';;VIN ';;SV Digital lDad Cell 

Vee 
(5VDd 

330 

V,N(+) veel-+-----------, 

ML2281 

SETS ZERO 

1.2k 

.., 
I 
I 
I 
I 
I 
I 

CODE VOLTAGE 330 I 
I 

lk 
2.7k 2Voc 

ZERO ADJ. 

T8 

2-182 

_ ..... 

• USES ONE MORE WIRE THAN LOAD CElL ITSElF 
• TWO MINI-DiPs COULD BE MOUNTED INSIDE lOAD CEll 

FOR DIGITAL OUTPUT TRANSDUCER 
• ElECTRONIC OFFSET AND GAIN TRIMS RElAX MECHANICAL 

SPECS FOR GAUGE FACTOR AND OFFSET 
• LOW LEVEL CElL OUTPUT IS CONVERTED IMMEDIATELY FOR 

HIGH NOISE IMMUNITY 

Convert 8 Thermocouples with only One Cold-Junction Compensator 

lk 

TYPE J tRU 
+r--~~;-r---. 

lk 

>--...-----------1 CHO 

r-________ -;CH7 ML22M 

lk 910 

USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DlFFER­
ENTIALINPUTS CONSTANT 
WITH CHANGES IN REFERENCE TEMPERATURE (TREFI. 

'Micro Linear 
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SERIALI/O 

lM385 



APPLICATIONS (Continued) 

CLK 

CS 

01 

4 mA-20 mA Current Loop Converter 

1/674HC14 100k =50kHz 

24 6.2 200 
k k k Vee 

+IN CLK 

ML2281 

-IN CS 

VREF 
2 10k 

Vee 5k 

47 3.9 300 V+ 
k k k Vo 

GND 

• ALL POWER SUPPLIED BY lOOP 
• 1500 V ISOLATION AT OUTPUT 

Isolated Data Converter 

1N414B 

'~::::""""","'~-----~VeeOUT 

1N414B 

CLK 

Vee 

ML228B 
8 ANALOG 
CHANNELS 

• NO POWER REQUIRED REMOTELY 
-= 6N139 HIGH GAIN 

OPTOCOUPLER 
• 1500 V ISOLATION 

'Micro Linear 
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ClK 

SAMPLING RATE 111kHz, DATA RATE 1.33MHz 

TMS320 
SERIES 

DSP 

FSR 

DR 

/ \~--------------------------~ 
FSR / \~----------------------~ 
DO ____ ;.;.HI..;;;.Z_.., DO 

Interfacing ML2281 to TMS320 Series 

'Micro Linear 
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ORDERING INFORMATION 

PART NUMBER 
ALTERNATE 

PART NUMBER 

SINGLE ANALOG INPUT, 8-PIN PACKAGE 

Ml2281BM) ADC0831B) 
Ml2281BI) ADC0831BC) 
Ml2281BCP ADC0831BCN 
Ml2281CI) ADC0831CC) 
Ml2281CCP ADC0831CCN 

TWO ANALOG INPUTS, 8-PIN PACKAGE 

Ml2282BM) ADC0832B) 
Ml2282BI) ADC0832BC) 
Ml2282BCP ADC0832BCN 
Ml2282C1) ADC0832CC) 
Ml2282CCP ADC0832CCN 

FOUR ANALOG INPUTS, 14-PIN PACKAGE 

Ml2284BM) ADC0834B) 
Ml2284BI) ADC0834BC) 
Ml2284BCP ADC0834BCN 
Ml2284C1) ADC0834CC) 
Ml2284CCP ADC0834CCN 

EIGHT ANALOG INPUTS, 20-PIN PACKAGE 

Ml2288BM) ADC0838B) 
Ml2288BI) ADC0838BC) 
Ml2288BCP ADC0838BCN 
Ml2288BCQ ADC0838BCV 
Ml2288CI) ADC0838CC) 
Ml2288CCP ADC0838CCN 
Ml2288CCQ ADC0838CCV 

~L2281,~L2282,~L2284,~L2288 

TOTAL 
UNADJUSTED ERROR 

±'i2lSB 

±llSB 

±'i2lSB 

±llSB 

±'i2lSB 

±llSB 

±'i2lSB 

±llSB 

'Micro Linear 

TEMPERATURE 
RANGE 

- 55°C to + 125°C 
-40°Cto +85°C 

0° to +70°C 
-40°C to +85°C 

O°Cto +70°C 

-55°Cto +125°C 
-40°Cto +85°C 

O°Cto +70°C 
-40°C to +85°C 

O°Cto +70°C 

-55°Cto +125°C 
- 40°C to +85°C 

0° to +70°C 
-40°C to +85°C 

O°Cto +70°C 

- 55°C to +85°C 
-40°Cto +85°C 
O°Cto +70°C 
O°Cto +70°C 

-40°C to +85°C 
O°Cto +70°C 
O°Cto +70°C 

PACKAGE 

HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
HERMETIC DIP 
MOLDED DIP 

HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
HERMETIC DIP 
MOLDED DIP 

HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
HERMETIC DIP 
MOLDED DIP 

HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED DIP (PCC) 
HERMETIC DIP 
MOLDED DIP 
MOLDED DIP (PCC) 
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'Micro Linear 
October 1990 
PRELIMINARY 

ML2340, ML2350 

Single Supply, Programmable 
8-Bit Df A Converters 

GENERAL DESCRIPTION 
The Ml2340 and Ml23S0 are CMOS voltage output, 8-
bit D/A converters with an internal voltage reference 
and a fJP interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (Vzs) in the unipolar mode or 
around zero scale (Vzs) in the bipolar mode, both with 
programmable gain. Vzs can be set to any voltage 
from AGND to 2.2SV below Vee. The digital and 
analog grounds, DGND and AGND, are totally 
independent of each other. DGND can be set to any 
voltage from AGND to ,4.SV below Vee for easy 
interfacing to standard TIL and CMOS logic families. 

The high level of integration and versatility of the 
Ml2340 and Ml23S0 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is controlling a hard 
disk voice coil. 

The internal reference of the Ml2340 provides a 2.2SV 
or 4.50V output for use with AID converters that use a 
single SV ± 10% power supply, while the Ml23S0 
provide a 2.50V or S.OOV reference output. 

BLOCK DiAGRAM 

VREFOUTTI 
VREFIN 0------1 

DGNDD---

XfER DBO 
(LSB) 

VZS Vee 

r i 

8·BITD/A 

DB7 
(MSB) 

AGND 

I 
I 

GAIN 0 GAIN 1 

FEATURES 
• Programmable output voltage gain settings of 2, 1, 

V2, 1f.! provide 8-, 9-, 10-, or 11-bit effective 
resolution around zero 

• AGND to Vee output voltage swing 
• Bipolar or unipolar output voltage 
• 4.5V to 13.2V single supply or ±2.2SV to ±6.5V 

dual-supply operation 
• Transparent latch allows microprocessor interface 

with 30ns setup time 
• Data flow through mode 
• Voltage reference output 

Ml2340 .............................. 2.2SV or 4.50V 
Ml23S0 .............................. 2.50V or S.OOV 

• Nonlinearity ..................... ±1f.! LSB or ±V2 LSB 
• Output voltage settling time over temperature and 

supply voltage tolerance 
Within 1V of Vee and AGND ......... 2.5fJS max 
Within 100mV of Vee and AGND ....... SfJS max 

• TTL and CMOS compatible digital inputs 
• Low supply current (SV supply) .......... SmA max 
• 18-pin DIP or surface mount SOIC 
• Operating temperature range of O°C to +70°C, 

-40°C to +8SoC, and -SsoC to +12SoC 

PiN CONNELl IONS 

Your 

VZS 

AGND 
VOUT 

DGND 

DBl 

ML2340 
ML2350 

l8-Pin DIP 

4 

TOP VIEW 

VREF IN 

VREF OUT Vee 

GAIN 1 
Your 

VZS 

GAIN 0 AGND 
DGND 

XfER DBO 
DBl 

DB7 DB2 

DBG 
DBl 

DB5 

DB4 

ML2340 
ML2350 

l8-Pin sOle 

VREF IN 

VREF OUT 

GAIN 1 
GAIN 0 
XfER 
DB7 
DBG 
DB5 

-",--_--,-,;.r- DB4 
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PI N DESCRIPTION 
PIN # NAME FUNCTION 

1 Vee Positive supply. 

2 VOUT Voltage output of the D/A 
converter. VOUT is referenced to 
V'ZS. 

3 V'ZS Zero Scale Voltage. VOUT is 
referenced to V'ZS. V'ZS is normally 
tied to AGND in the unipolar 
mode or to mid-supply in the 
bipolar mode. When the device is 
operated from a single power 
supply, Vzs has a maximum 
current requirement of -300pA in 
the bipolar mode. 

4 AGND Analog ground. 

5 DGND Digital ground. This is the ground 
reference level for all digital 
inputs. The range is AGND < (Vee 
- 4.5V). DGND is normally tied to 
system ground. 

6 DBO Data input - Bit 0 (lSB). 

7 DB1 Data input - Bit 1. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage Vcc with Respect to AGND ............ 14.2V 
DGND .................................. --O.3V to Vcc + O.3V 
V zs, V REF IN ••••••••.••••••••••••••••••••• --O.3V to V cc + O.3V 
Logic Inputs ............................. --O.3V to V cc + O.3V 
Input Current per Pin (Note 2) ...................... ±2SmA 
Storage Temperature ............ . . . . . . . . . .. --65·C to +150·C 
Package Dissipation at TA = 25·C (Board Mount) ..... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Molded) ...................... 260·C 
Dual-In-Line Package (Ceramic) .. . . . . . . . . . . . . . . . . . .. 300·C 
Molded Small Outline IC Package 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared (15 sec.) .................................. 220·C 

ML2340, ML2350 

PIN # NAME FUNCTION 

8 DB2 Data input - Bit 2. 

9 DB3 Data input - Bit 3. 

10 DB4 Data input - Bit 4. 

11 DB5 Data input - Bit 5. 

12 DB6 Data input - Bit 6. 

13 DB7 Data input - Bit 7 (MSB). 

14 XFER Transfer enable input. The data is 
transferred into the transparent 
latch at the high level of XFER. 

15 GAIN 0 Digital gain setting input o. 
16 GAIN 1 Digital gain setting input 1. 

17 VREF OUT Voltage reference output. 
VREF OUT is referenced to AGND. 
VREF OUT is set to 2.5V and 5.0V in 
a low-voltage and high-voltage 
operation, respectively for the 
M12350; 2.25V and 4.5V for the 
Ml2340. 

18 VREF IN Voltage reference input. VREF IN is 
referenced to AGND. 

OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vcc ...................... 4.5Voc to n.2Voc 
Temperature Range (Note 3) .............. T MIN:::; T A :::; T MAX 

ML2340BMJ, ML2340CMJ 
ML2350BMJ, ML2350CMJ ................. -55·C to +125·C 
ML2340BIJ, ML2340CIJ 
ML2350BIJ, ML2350CIJ ..................... -40·C to +85°C 
ML2340BCp" ML2340CCP 
ML2350BCp, ML2350CCP 
ML2340BCS, ML2340CCS 
ML2350BCS, ML2350CCS ..................... OOC to +70·C 
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ML2340, ML2350 

ELECTRICAL CHARACTERISTICS .. ' 

Unless otherwise specified, TA = TMIN to TMAJ(, Vee - AGND = SV ± 10% and 12V ± 10%, VREF IN for ML2340 = 2.2SV 
and 4.50V, for ML23S0 VREF IN = 2.50V and 5.00V, VOUT load is RL = 1K and 'CL = 100pF, VREF load is RL = 1K and ' . 
CL = 100pF and inpl,lt contrql signals with tR = tF :5 20ns. 

ML2340XIX, ML2340XMX 
ML23411Xcx, ML2350XCX ML2350XIX, ML2350XMX 

MRAMETER NarES CONDITIONS MIN I (N::: 4) I MAX MIN I (N::: 4) I MAX UNITS 

Converter and Programmable Gain Amplifier 

Converter Resolution 5 8 8 Bits 

Integral Linearity Error 5 GAIN = 2, 1, 'h, or 'I. 
ML234OBxx, ML2350BXX ±1A ±1A LSB 
ML234Ocxx, ML2350CXX ±'h ±'h LSB 

Differential Linearity Error 5 GAIN = 2, 1, 'h, or 1A 
ML234OBxx, ML2350BXX ±1A ±1A LSB 
ML234Ocxx, ML2350CXX ±'h ±'h LSB 

Mode Select 5 V15 with respect to AGND 
Unipolar Output 0 1.0 0 1.0 V 
Bipolar Output 1.50 Vee-2.25 1.50 Vec-2.25 V 

Offset Error 5 Figure 1 
Unipolar Mode GAIN = 1A, 'h, 1 ±10 ±12 mV 

GAIN = 2 ±20 ±24 mV 

Bipolar Mode . 5 Figure 1 
GAIN • 1A, 'h, 1, 2 ±10 plus ±10 plus mV 

±2'h LSB ±2'h LSB 

Gain Error 5 Figure· 1 
Unipolar Mode <;JAIN = 1A, 'h,.1, 2 ±.5 ±2 ±.5 ±2.5 %FS 
Bipolar Mode GAIN = '14, 'h, 1, 2 ±.5 ±2 ±.5 ±2.5 %F5 

Reference 

VREF OUT Voltage 5 
ML2340BXX Vee:5 7.0V TA = 25°C 2.23 225 227 2.23 225 227 V 

TMIN to TMAX 2.22 228 2.18 2.32 V 

Vee 2: B.OV TA = 25°C 4.48 4.50 4.52 4.48 4.50 4.52 V 
TMIN to TMAX 4.46 4.54 4.43 4.57 V 

ML2340CXX Vee:5 7.0V TA = 25°C 2.22 2.25 2.29 2.22 225 2.28 V 
TMIN to TMAX 220 2.30 2.18 2.32 V 

.. 

Vee 2: B.OV TA = 25°C 4.45 4.50 4.55 4.45 4.50 4.55 V 
TMIN to TMAX 4.40 4.60 4.35 4.65 V 

ML2350BXX 5 Vee:5 7.0V TA = 25°C 2.48 2.50 2.52 2.48 2.50 2.52 V 
TMIN to TMAX 2.47 2.53 2.43 2.57 V 

Vee 2: 8.0V TA = 25°C 4.98 5.00 5.02 4.98 5.00 5.02 V 
TMIN to TMAX 4.96 5.04 4.90 5.10 V 

ML2350CXX Vee:5 7.0V TA = 25°C 2.45 2.50 2.55 2.46 2.50 2.55 V 
TMIN to TMAX 2.44 2.58 2.42 2.59 V 

Vee 2: B.OV TA = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 V 
TMIN to TMAX 4.90 5.10 4.85 5.15 V 

Temperature Coefficient 
VREF OUT 50 50 ppml"C 

V REF Output Current 5 -1 5 -1 5 mA 

VREF OUT Power Supply 5 1oomVp_p, 1kHz -40 -60 -40 -60 dB 
Rejection Ratio Sinewave on Vee 
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ML2340, ML2350 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, T A = T MIN to T MAl(, Vee - AGND = SV ± 10% ,and 12V ± 10%, VREF IN for ML2340 = 2.2SV 
and 4.S0V; for ML2350 VREF IN = 2.50V and S.OOv, VOUT load is RL = 1K and CL = 100pF, VREF load is RL = 1K and 
CL = 100pF and input eontrol signals with tR = tF :S 20ns. 

ML2340XIX, ML2340XMX 
ML2340Xcx, ML2350XCX ML2350XIX, ML2350XMX 

PARAMETER NOTES CONDITIONS MIN I (N:: 4) I MAX MIN I (N:: 4) I MAX UNITS 

VREF IN Input Range 5 Vee:::; ZOOV AGNO+2 AGNO+ AGNO+2 AGNO+ V 
2.6 2.6 

Vee::::: B.OOV AGND+2 AGNO+ AGNO+2 AGNO+ V 
5.5 5.5 

VREF IN DC Input 5 10 10 MO 
Resistance 

Vzs Voltage Range 5,8 AGNO Ved2 AGND Ved2 V 
x 1.1 xU 

Analog Output 

VOUT Output Swing 
Unipolar Mode 5,8 Rl = 100K AGND+ Vee-·04 AGNO+ Vee-·04 V 

0.Q1 0.01 

Rl = 1K AGNO+ Vee-1.O AGND+ Vee-1.O V 
1.0 1.0 

Bipolar Mode 5 Rt = 100K AGND+ Vee-O.1 AGND+ Vee-O.1 V 
0.1 0.1 

Rl = 1K AGND+ Vee-1.O AGNO+ Vee-1.O V 
1.0 1.0 

VOUT Output Current 5 AGNO+1V<VouT<Vee-1V -10 +10 -10 +10 rnA 

Power Supply 100rnVp_p, 1kHz --60 --60 dB 
Rejection Ratio sinewave on Vee 

DigitaJ and DC 

VIN(O) Logical "0" 5 0.8 0.8 V 
Input Voltage 

VIN(1) Logical "1" 5 2.0 2.0 V 
Input Voltage 

IIN(O) Logical "0" 5 VIN = OGND -1 -1 pA 
Input Current 

IIN(1) Logical "1" 5 VIN = Vee 1 1 pA 
Input Current 

Supply Current, 
Bipolar Mode 
leo Vee Current 5 Vee = 5V ± 10% 5.3 5.3 rnA 
IAGNIJf 
Analog Ground Current -5.0 -5.0 rnA 
Ivzs, Vzs Current -90 -300 -90 -300 pA 

leo Vee Current 5 Vee = 12V ± 10% 9.3 9.3 rnA 
IAGNIJf 
Analog Ground Current -9.0 -9.0 rnA 
Ivzs, Vzs Current -90 -300 -90 -300 pA 
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ML2340, ML2350 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJ(.. Vcc - AGND = SV ± 10% and 12V ± 10%, VREF IN for Ml2340 = 2.2SV 
and 4.S0V, for Ml2350 VREF IN = 2.S0V and S.OOv, VOUT load is RL = 1K and CL = 100pF, VREF load is RL = 1K and 
CL = 100pF and input eontrol signals with tR = tF ::S 20ns. 

ML2340XIX, ML2340XMX 
ML2340Xcx, ML2350XCX ML2350XIX, ML2350XMX 

PARAMETER NOTES CONDITIONS MIN I (N:: 4) I MAX MIN I (N!:'': 4) I MAX UNITS 

Digital and DC (Continued) 

Supply Current, 
Unipolar Mode 
leo Vee Current 5 Vee = 5V ± 10% 6.0 6.0 rnA 
IAGNo, 
Analog Ground Current -4.3 -4.3 mA 
IVZs. Vzs Current -1.7 -1.7 mA 

leo Vee Current 5 Vee = 12V ± 10% 11.0 11.0 mA 
IAGNO, 
Analog Ground Current -7.3 -7.3 mA 
Ivzs. V ZS Current -3.7 -3.7 mA 

ftC. Performance 

Settling Time 5 Figure 2, 
tS1 Output Step of AGND + 1V 1.2 2.5 1.2 3.0 J1S 

to Vee - 1V, Rl = 1K 

tS2 Output Step of 2.5 5 2.5 6 J1S 
AGND + 100mV to 
Vee-100mV, Rl = 100K 

tS3 Output Step of ±1 LSB 1 1 J1S 

tS4. Gain Change Change of Any Gain Setting 1.1 2.5 1.1 J1S 

tXfEIV XFER Pulse Width 5 Figure 3 60 60 ns 

toss, DBO-DB7 5 Figure 3 40 45 ns 
Setup Time 

tOBH, DBO-DB7 5 Figure 3 0 0 ns 
Hold Time 

tRESET, Power-On 6 16 16 J1S 
Reset Time 

Note 1: Absolute maximum rating" ;:Jrp hmit'50 hf;'yond whkh the I!fe Of tt'te integrated circuit m~y be :mpo::rcd. A!I voltages unleSS vtne,iviSe 
specifIed are measured with respect to analog ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V,N < AGND or Y,N > Vee> the absolute value of current at that pin 
should be limited to 2SmA or less. 

Note 3: -55°C to +12SoC operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C 
to +8SoC operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testmg, sampling, or by 
correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Supply current and analog ground current are specified with the digItal inputs stable and no load on VOUT• 

Note 8: In unipolar ,OperatIon wIth Vzs and AGND tied together, dIgItal codes that represent an analog value of less than 100mV from AGND 
should be avoIded. 
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ML2340, ML2350 

1.0 FUNCTIONAL DESCRIPTION 

1.1 D/A CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between VREF IN and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 

in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
VREF IN range. 

L--+~~-+~~-+~~1-~~--+----+---------~~ 
L-__ ~~ __ ~~ __ ~~ __ ~ ______ ~ ______________ ~UT 

Figure 4. D/A Converter Implementation 

1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2340 and ML2350 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from ±2.25V to ±6.6V. 

The internal digital and analog circuitry is powered 
between Vee and AGND. The range of DGND is 
AGND :::; DGND :::; Vee - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TTL 
logic level). The range of Vzs is AGND :::; Vzs :::; (Vee -
2.25V). 

1.3 UNIPOlAR A~,n 3iPOiAR QUi?,J. VOLTAGE 
SWING 

The ML2340 and M12350 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs is ideally the 
voltage that will be produced at the DAC voltage 
output when the digital input data is set to all "O's'~ 
Unipolar mode is selected when Vzs is lower than 1.00 
volt, and bipolar mode is selected when Vzs is greater 
than 1.50 volts. 

13.1 Unipolar Output Mode 

In the unipolar mode, VOUT swings above Vzs. Ideally 
the 00000000 code results in an output voltage of Vzs. 
and the 11111111 code results in an output voltage of 
VFS x 255/256, where VFS is the full-scale voltage 
determined by VREF IN and the gain setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, VOUT swings around Vzs. The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of VZsi 
the 10000000 code results in an output voltage of (Vzs 
- VFS)i and the 01111111 results in an output voltage of 
(Vzs + VFS 127/128), where VFS is the full scale output 
voltage determined by VREF IN and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SmlNG 

The output buffer converts the D/A output current to a 
voitage output using a resistive network with proper 
gain setting determined by the GAIN 0 and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 

Unipolar Output Voltage Mode 

Voltage Output Swing 
GAIN 1 GAIN 0 GAIN Relative to Vzs 

0 0 1,4 VREF IN x 1.14 

0 1 Y2 VREF IN x Y2 

1 0 1 VREF IN x 1 

1 1 2 VREF IN x 2 
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Bipolar Output Voltage Mode 

GAIN 1 GAIN 0 GAIN Voltage Outputp_p 

0 0 1A ±VREF IN x Va 

0 1 112 ±VREF IN x 1A 

1 0 1 ±VREF IN x 112 

1 1 2 ±VREF IN x 1 

The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least 1V from 
either Vee or AGND. As the output voltage approaches 
Vee or AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within 10mV of AGND and up to within 
40mV of Vee with a 100K load at VOUT to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
M12340 and ML2350. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2340 and 2.50 volts on the 
ML2350 is selected when the supply voltage is less than 
approximately 7.50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between 7.0 and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35'C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than SmA of current and sink more than 1mA of 
current. With VREF IN connected to VREF OUT, the 
following output voltage ranges of the DAC are 
obtained: 

ML2340 

V REF = 2.2SV with V REF = 4.SV with 

Gain Vcc:5 7.0V vcc 2= 8.0V 

Setting Unipolar Bipolar Unipolar Bipolar 

1Jo o to O.S62V -O.281V to o to 1.12SV -O.S62V to 
-+0.281 V -+O.562V 

Y, o to 1.12SV -O.S62V to o to 2.2SOV -1.12SV to 
+O.S62V +1.12SV 

1 o to 2.2S0V -1.12SV to o to 4.500V -2.2S0V to 
+1.12SV +2.2S0V 

2 o to 4.500V -2.2S0V to o to 9.000V -4.500V to 
+2.2S0V +4.500V 

ML2340, ML2350 

ML2350 

V REF = 2.S0V with V REF = S.OOV with 

Gain Vcc:5 7.0V Vee 2= 8.0V 

Setting Unipolar Bipolar Unipolar Bipolar 

1Jo o to O.62SV -O.312SV to o to 1.2SV -O.62SV to 
+O.312SV +O.62SV 

y, o to 1.2S0V -O.62S0V to o to 2.S0V -1.2S0V to 
-+O.62S0V +1.2S0V 

1 o to 2.500V -1.2S00V to o to S.OOV -2.S00V to 
+1.2S00V +2.500V 

2 o to S.OOOV -2.5000V to o to 10.00V -S.OOOV to 
+2.S000V +S.OOOV 

An external reference can alternatively be used on 
VREF IN to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the M12340 and M12350 consist 
of a transfer input (XFER) and eight data inputs, DBO 
through DB7. The digital interface operates in one of 
the two modes: 

1.6.1 Single-Buffered Mode 

Digital input data on DBO-DB7 is passed through an 8-
bit transparent input latch on the rising edge of XFER. 
Because the outputs of the latch are connected directly 
to the inputs of the internal DAC, changes on the 
digital data while the XFER input is still active will cause 
an immediate change in the DAC output voltage. To 
hold the input data on the latch, the XFER input needs 
to be deactivated while the data is still stable. 

1.6.2 flOW-Through Mode 

In the flow-through mode, the input latch is bypassed. 
When XFER is set to logic "1'; a change of data inputs, 
DBO-DB7, results in an immediate update of the output 
voltage. 

1.7 POWER-ON-RESET 

The ML2340 and M12350 have an internal power-on-reset 
circuit to initialize the device when power is first applied 
to the device. The power-on-reset interval of typically 
8ps begins when the supply voltage, Vee reaches 
approximately 2.0V. During the power-on-reset interval, 
the transparent latch is reset to all "O's". 
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2.0 TYPICAL APPLICATIONS 
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2.0 TYPICAL APPLICATIONS (Continued) 
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ML2340, ML2350 

ORDERING INFORMATION 

PARr NUMBER 
INTEGRAL & DIFFERENTIAL 

NON-LINEARITY 

VREF OUT = 4.S0V with Vee:?: 8Vand 2.2SV with Vee:S; 7V 

ML2340BMj H~ lSB 
ML2340Blj 
ML2340BCP 
ML2340BCS 
ML2340CMj ±V2 lSB 
ML2340CIj 
ML2340CCP 
ML2340CCS 

VREF OUT = S.OOV with Vee:?: 8V and 2.S0V with Vee :s; 7V 

ML2350BMj ±1A LSB 
ML2350BIj 
ML2350BCP 
Ml2350BCS 
Ml2350CMj ±1f2 LSB 
Ml2350Clj 
ML2350CCP 
Ml2350CCS 

TEMPERATURE 
RANGE 

-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 
-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 
-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 
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HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED SOIC 
HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED SOIC 

HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED SOIC 
HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED SOIC 
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PRELIMINARY 

ML2341, ML2351 

Single Supply, Programmable 
8-Bit D/A Converters 

GENERAL DESCRIPTION 
The ML2341 and ML23S1 are CMOS voltage output, 
8-bit D/A converters with an internal voltage reference 
and a /lP interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (Vzs) in the unipolar mode or 
around zero scale (Vzs) in the bipolar mode, both with 
programmable gain. Vzs can be set to any voltage 
from AGND to 2.2SV below Vee. The digital and 
analog grounds, DGND and AGND, are totally 
independent of each other. DGND can be set to any 
voltage from AGND to 4.5V below Vee for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the 
ML2341 and ML23S1 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is controlling a hard 
disk voice coil. 

The ML2341 provides a 2.2SV or 4.50V reference 
output for use with AID converters that use a Single 
SV ± 10% power supply, while the ML23S1 provides a 
2.S0V or S.OOV reference output. 

BLOCK DIAGRAM 

XFER WRCS 080 
(LS8) 

Vee 

i 

087 
(MS8) 

AGND 

i 

VOUT 

GAIN o GAIN 1 

FEATURES 
• Programmable output voltage gain settings of 2, 1, 

Y2, 114 provide 8-, 9-, 10-, or 11-bit effective 
resolution around zero 

• AGND to Vee output voltage swing 
• Bipolar or unipolar output voltage 
• 4.5V to 13.2V single supply or ±2.2SV to ±6.5V 

dual-supply operation 
• Single- and double-buffered, edge-triggered 

interface with 30ns write time, Ons hold time 
• Voltage reference output 

Ml2341 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2.2SV or 4.S0V 
ML23S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2.50V or S.OOV 

• Nonlinearity ..................... ±% LSB or ±Y2 lSB 
• Output voltage settling time over temperature and 

supply voltage tolerance 
Within 1V of Vee and AGND ......... 2.5IJs max 
Within 100mV of Vee and AGND ....... SJ1S max 

• TTL and CMOS compatible digital inputs 
• Low supply current (VREF :::; 2.5V) ........ SmA max 
• 20-pin DIP or PCC 
• Operating temperature range of O°C to +70°C, 

-40°C to +8SoC, and -SSOC to +12SOC 

PIN CONNECTIONS 

VREFIN 

Vee 

VOUT 

V,s 

AGND 

DGND 

080 

081 

082 

083 

ML2341 
ML2351 

20-Pin DIP 

TOP VIEW 
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Cs 
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Wi 
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XFER 
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084 
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ML2351 
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Vee VREFOUT 
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082 I 084 I 08& 
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ML2341, ML2351 

PIN DESCRIPTION 
PIN '* NAME FUNcrlON 

VREF IN Voltage reference input. VREF IN is 
referenced to AGND. 

2 Vee Positive supply. 

3 VOUT Voltage output of the D/A 
converter. VOUT is referenced to 
Vzs· 

4 Vzs Zero Scale Voltage. VOUT is 
referenced to Vzs. Vzs is normally 
tied to AGND in the unipolar 
mode or to mid-supply in the 
bipolar mode. When the device is 
operated from a single power 
supply, Vzs has a maximum 
current requirement of -30OpA in 
the bipolar mode. 

5 AGND Analog ground. 

6 DGND Digital ground. This is the ground 
reference level for all digital 
inputs. The range is AGND < (Vee 
- 4.5V). DGND is normally tied to 
system ground. 

7 DBO Data input - Bit 0 (lSB). 

8 DB1 Data input - Bit 1. 

9 DB2 Data input - Bit 2. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage Vcc with Respect to AGND ............ 14.2V 
DGND .................................. -n.3V to Vee + O.1V 
V zs, V REF IN ••••••••••••••••••..••••••••.. -n.3V to V cc + O.3V 
Logic Inputs ............................. -n.3V to V cc + O.3V 
Input Current per Pin (Note 2) ...................... ±25mA 
Storage Temperature ............ . . . . . . . . . .. -65°C to +150°C 
Package Dissipation at T A = 25°C (Board Mount) ..... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Plastic) ........................ 260°C 
Dual-In-Line Package (Ceramic) ..................... 300°C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) ................. . . . . . . . . . . .. 215°C 
Infrared (15 sec.) .................................. 220°C 

PIN '* NAME FUNcrlON 

10 DB3 Data input - Bit 3. 

11 DB4 Data input - Bit 4. 

12 DB5 Data input - Bit 5. 

13 DB6 Data input - Bit 6. 

14 DB7 Data input - Bit 7 (MSB). 

15 XFER Transfer enable input. In the 
double buffered mode of 
operation, the data in the input 
latch is transferred to the D/A 
converter at the high level of XFER. 

16 WR Write enable input. While CS is 
low, data inputs are latched into 
th~ut latch on the rising edge 
ofWR. 

17 CS Chip select input. Active low input 
which enables latchinKJ!! the data 
on the risin.g edge of WR. 

18 GAIN 0 Digital gain setting input O. 

19 GAIN 1 Digital gain setting input 1. 

20 VREF OUT Voltage reference output. 
VREF OUT is referenced to AGND. 
VREF OUT is set to 2.SV and 5.0V in 
a low-voltage and high-voltage 
operation, respectively for the 
Ml2351; 2.25V and 4.5V for the 
Ml2341. 

OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vcc ...................... 4.5Voc to 13.2Voc 
Tpmpf::\ratt1re Ral"'!ge ("'ote 3) .............. T MIN ~ T A :::: T MI\X 

M12341BMJ, ML2341CMJ 
ML2351BMJ, M12351CMJ ................. -55°C to +125°C 
M12341BIJ, M12341CIJ 
Ml2351BIJ, Ml2351C1J ... :................. -40°C to +85°C 
M12341BCQ, M12341CCQ 
ML2351BCQ, M12351CCQ 
M12341 BCP, M12341CCP 
M12351BCP, ML2351CCP ..................... O°C to +70°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = TMIN to TMAJ(, Vee - AGND = 5V ± 10% and 12V ± 10%, VREF IN for ML2341 = 2.25V 
and 4.50V, for Ml2351 VREF IN = 2.50V and 5.ooV, VOUT load is Rl = 1k and Cl = 100pF, VREF load is Rl = 1K and 
Cl = 100pF and input control signals with tR = tF ~ 20ns. 

ML2341X1X, ML2341XMX 
ML2341Xcx, ML2351XCX ML2351XIX, ML2351XMX 

PARAMETER NOTES CONDITIONS MIN I (NZ: 4) I MAX MIN I (NZ: 4) I MAX UNITS 

Converter and Programmable Gain Amplifier 

Converter Resolution 5 8 8 Bits 

Integral linearity Error 5 GAIN = 2, 1, 'h, or Y. 
Ml2341 Bxx, Ml2351 BXX ±1,4 ±1,4 LSB 
Ml2341cxx, Ml2351CXX ±1f2 ±Y2 LSB 

Differential linearity Error 5 GAIN = 2, 1, 'h, or 1,4 
Ml2341 Bxx, Ml2351 BXX ±1,4 ±'14 LSB 
Ml2341cxx, Ml2351CXX ±1f2 ±1f2 lSB 

Mode Select 5 V15 with respect to AGND 
Unipolar Output 0 1.0 0 1.0 V 
Bipolar Output 1.50 Vcc-2.25 1.50 Vcc-2.25 V 

Offset Error 5 Figure 1 
Unipolar Mode GAIN = '14, 'h, 1 ±10 ±12 mV 

GAIN = 2 ±20 ±24 mV 

Bipolar Mode 5 Figure 1 
GAIN = 1,4, 'h, 1, 2 ±10 plus ±10 plus mV 

±21f2 LSB ±21f2LSB 

Gain Error 5 Figure 1 
Unipolar Mode GAIN = 1,4, 'h, 1, 2 ±.5 ±2 ±.5 ±2.5 %FS 
Bipolar Mode GAIN = 1,4, 'h, 1, 2 ±.5 ±2 ±5 ±2.5 %FS 

Reference 

VREF OUT Voltage 5 
Ml2341BXX Vee:S 7.0V TA = 25°C 2.23 225 2.27 2.23 2.25 2.27 V 

TMIN to TMAX 222 228 2.18 2.32 V 

Vee 2: 8.0V TA = 25°C 4.48 4.50 4.52 4.48 4.50 4.52 V 
TMIN to TMAX 4.46 4.54 4.43 4.57 V 

Ml2341CXX Vee:S 7.0V TA = 25°C 222 225 2.29 2.22 2.25 2.28 V 
TMIN to TMAX 220 2.30 2.18 2.32 V 

Vee 2: 8.0V TA = 25°C 4.45 4.50 4.55 4.45 4.50 4.55 V 
TMIN to TMAX 4.40 4.60 4.35 4.65 V 

Ml2351BXX 5 Vee:S 7.0V TA = 25°C 2.48 250 2.52 2.48 2.50 2.52 V 
TMIN to TMAX 2.47 2.53 2.43 2.57 V 

Vee 2: 8.0V TA = 25°C 4.98 5.00 5.02 4.98 5.00 5.02 V 
TMIN to TMAX 4.96 5.04 4.90 5.10 V 

Ml2351CXX Vee:S 7.OV TA = 25°C 2.45 250 2.55 2.46 2.50 2.55 V 
TMIN to TMAX 2.44 2.58 2.42 2.59 V 

Vce 2: 8.0V TA = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 V 
TMIN to TMAX 4.90 5.10 4.85 5.15 V 

Temperature Coefficient 
VREF OUT 50 50 ppml"C 

VREF Output Current 5 -1 5 -1 5 rnA 

VREF OUT Power Supply 5 l00mVp_p, 1kHz -40 -60 -40 -60 dB 
Rejection Ratio Sinewave on Vee 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAX, Vee - AGND = SV ± 10% and 12V ± 10%. VREF IN for Ml2341 = 2.2SV 
and 4.50V; for Ml23S1 VREF IN = 2.S0V and S.OOv, VOUT load is RL = 1k and CL = 100pF, VREF load is RL = 1K and 
CL = 100pF and input control signals with tR = tF :::; 20ns. 

ML2341XIX, ML2341XMX 
ML2341Xcx, ML2351XCX ML2351XIX, ML2351XMX 

PARAMETER NarES CONDITIONS MIN I (N!: 4) I MAX MIN I (N::': 4) I MAX UNITS 

VREF IN and Vzs 

VREF IN Input Range 5 Vcc::; 7.00V AGND+2 AGND+ AGND+2 AGND+ V 
2.6 2.6 

Vcc ~ B.OOV AGND+2 AGND+ AGND+2 AGND+ V 
5.5 5.s 

VREF IN DC Input 5 10 10 Mel 
Resistance 

Vzs Voltage Range 5, B AGND Vccl2 AGND Vccl2 V 
x 1.1 x 1.1 

Analog Output 

Your Output Swing 
Unipolar Mode 5, B Rl = lOOK AGND+ Vcc -·04 AGND+ Vee-·04 V 

0.01 0.01 

Rl = lK AGND+ Vee- l .O AGND+ Vee- l .O V 
1.0 1.0 

Bipolar Mode 5 Rl = lOOK AGND+ Vee-O.l AGND+ Vee-O.l V 
0.1 0.1 

Rl = lK AGND+ Vee- l .O AGND+ Vee- l .O V 
1.0 1.0 

Your Output Current 5 AGND+lV<Vour<Vee-lV -10 +10 -10 +10 rnA 

Power Supply loornVp_p, 1kHz --60 -60 dB 
Rejection Ratio sinewave on Vee 

Digital and DC 

VIN(O) Logical "0" 5 0.8 0.8 V 
Input Voltage 

VIN(l) Logical "1" 
Input Voltage 

5 2.0 2.0 V 

'IN(O) Logical "0" 5 VIN = DGND -1 -1 pA 
Input Current 

IIN(l) Logica~·"l" 5 VIN = Vee 1 1 pA 
Input Curren.t 

Supply Curre'nt, 
Bipolar Mode 
leo Vee Current 5 Vee = 5V ± 10% 5.3 5.3 rnA 

'AGNDI 
Analog Ground Current -5.0 -5.0 rnA 
Ivzs, Vzs Current -90 -300 -90 -300 pA 

leo Vee Current 5 Vee = 12V ± 10% 9.3 9.3 rnA 
IAGNDI 
Analog Ground Current -9.0 -9.0 rnA 
Ivz!V Vzs Current -90 -300 -90 -300 pA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJ(, Vee - AGND = SV ± 10% and 12V ± 10%. VREF IN for Ml2341 = 2.2SV 
and 4.S0V; for Ml23S1 VREF IN = 2.S0V and S.OOY, VOUT load is RL = 1k and CL = 100pF, VREF load is RL = 1K and 
CL = 100pF and input eontrol signals with tR = tF ::::; 20ns. 

ML2341X1X, ML234IXMX 
ML2341Xcx, ML2351XCX ML2351XIX, ML2351XMX 

PARAMETER NOTES CONDITIONS MIN I (N= 4) I MAX MIN I (N= 4) I MAX UNITS 

Digital and DC (Continued) 

Supply Current, 
Unipolar Mode 
Ico Vee Current 5 Vee = 5V ± 10% 6.0 6.0 rnA 
IAGNo, 
Analog Ground Current -4.3 -4.3 rnA 
Ivzs- Vzs Current -1.7 -1.7 rnA 

leo Vee Current 5 Vee = 12V ± 10% 11.0 11.0 rnA 
IAGNo, 
Analog Ground Current -7.3 -7.3 rnA 
Ivzs- Vzs Current -3.7 -3.7 rnA 

ftC. Performil/Ke 

Settling Time 5 Figure 2, 
tS1 Output Step of AGND + 1V 1.2 2.5 1.2 3.0 J.IS 

to Vee - lY, Rl = lK 

tS2 Output Step of 25 5 2.5 6 J.IS 
AGND + lOOmV to 
Vee-loomy, ~ = lOOK 

tS3 Output Step of ±ll5B 1 1 J.IS 

ts<!< Gain Change Change of Any Gain Setting 1.1 2.5 1.1 3 J.IS 

twlV WR Pulse Width 5 Figure 3 30 30 ns 

tXFEIV XFER Pulse Width 5 Figure 3 60 60 ns 

txw, WRI to XFERI 6 Figure 3 60 60 ns 

toilSf DBO-DB7 5 Figure 3 40 45 ns 
Setup Time 

tDBfi, DBO-DB7 5 Figure 3 0 0 ns 
Hold Time 

tess- CS Setup Time 5 Figure 3 50 50 ns 

teSH, CS Hold TIme 5 Figure 3 0 0 ns 

tRESETf Power-On 6 16 16 J.IS 
Reset Time 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to analog ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V,N < AGND or Y'N > Ved the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°e to +125°e operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -4Q°e 
to +85°e operating temperature range devices are 100% tested with temperature limIts guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Supply current and analog ground current are specifIed with the digItal inputs stable and no load on Your. 
Note 8: In unipolar operation with V75 and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND 

should be avoided. 
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r 
ANALOG 
OUTPUT 

Unipolar Mode 
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Figure 1. Gain and Offset Error 

DIGITAL INPUT_ 

Bipolar Mode 
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Figure 2. Settling Time 
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(5--------.. -tB{ WR _____ tcs_s_,_+-""'\ r-i ~1---tcs-H-----_ 
~ 4v.~ 

OBo-087----------{ VALID ~A }----------

~4>BS-J l-4>BH 
XFER TIED TO LOGIC "1" 

Figure 3a. Single Buffered Mode 

CS~'--~/ 
WR '--f=--=--=--txw-; --.,---
XFER------=ri=--

OBo-087 ___ -< VALID OAlA >- Ix". 

Figure 3b. Double Buffered Mode 

1.0 FUNOIONAL DESCRIPTION 
1.1 D/A CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The input voltage reference of the D/A converter is the 
difference between VREF IN and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
VREF IN range. 

r---__ ~--~~--~~--~~--~~-------------vcc 

L-~~~~~~~~~1-_4----+---_+---------WCo~ 

L------<~-----<~--~~--_4------_+-------------- WCour 

Figure 4. D/A Converter Implementation 
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1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2341 and ML2351 can be powered from a single 
supply ranging from 4.5V to H.2V or dual supplies 
ranging from ±2.25V to ±6.6v' 

The internal digital and analog circuitry is powered 
between Vee and AGND. The range of DGND is 
AGND:::; DGND:::; Vee - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TIL 
logic level). The range of Vzs is AGND :::; Vzs :::; 
(Vee - 2.25V). 

1.3 UNIPOLAR AND BIPOlAR OUTPUT VOlTAGE 
SWING 

The ML2341 and ML2351 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs is ideally the 
voltage that will be produced at the DAC voltage 
output when the digital input data is set to all "O's". 
Unipolar mode is selected when Vzs is lower than 1.00 
volt, and bipolar mode is selected when Vzs is greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, VOUT swings above Vzs. Ideally 
the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
VFS x 255/256, where VFS is the full-scale voltage 
determined by VREF IN and the gain setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, VOUT swings around Vzs. The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of VzS; 
the 10000000 code results in an output voltage of (Vzs 
- VFS); and the 01111111 results in an output voltage of 
IVZ5 + VFS 127/128), where Vrs !s the fuH scale output 
voltage determined by VREF IN and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SmlNG 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN 0 and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 

Unipolar Output Voltage Mode 

Voltage Output Swing 
GAIN 1 GAIN 0 GAIN Relative to Vzs 

0 0 1fiI VREF IN x 1fiI 

0 1 1h VREF IN x 1h 

1 0 1 VREF IN x 1 

1 1 2 VREF IN x 2 

Bipolar Output Voltage Mode 

GAIN 1 GAIN 0 GAIN Voltage Outputp_p 

0 0 1/.1 ±VREF IN x ~ 

0 1 1h ±VREF IN x 1fiI 

1 0 1 ±VREF IN x 1h 

1 1 2 ±VREF IN x 1 

The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least 1V from 
either Vee or AGND. As the output voltage approaches 
Vee or AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within 10mV of AGND and up to within 
40mV of Vee with a 100K load at VOUT to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 

1.5 VOlTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2341 and ML2351. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the Ml2341 and 2.50 volts on the 
Ml2351 is selected when the supply voltage is less than 
approximately 7.50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between 7.0 and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than 5mA of current and sink more than lmA ot 
current. With VREF IN connected to VREF OUT, the 
following output voltage ranges of the DAC are 
obtained: 

ML2341 

V REF = 2.25V with V REF = 4.5V with 

Gain Vcc:5 7.0V Vee;::: aov 

Setting Unipolar Bipolar Unipolar Bipolar 

'.4 o to O.S62V -6.281V to o to 1.12SV -6.562V to 
+O.281V +O.562V 

1f2 o to 1.12SV -6.S62V to o to 2.250V -1.12SV to 
+O.562V +1.12SV 

1 o to 2.2S0V , -1.12SV to o to 4.500V -2.2S0V to 
+1.12SV +2.2S0V 

2 o to 4.500V -2.2S0V to o to 9.000V -4.500V to 
+2.2S0V +4.S00V 
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Ml2351 

V REF = 2.S0V with V REF = S.OOV with 

Gain Vcc :S 7.0V Vcc 2: 8.0V 

Setting Unipolar Bipolar Unipolar Bipolar 

V. o to O.62SV -0.3l2SV to o to 1.2SV -O.62SV to 
+O.3l2SV +O.62SV 

Y2 o to 1.2S0V -O.62S0V to o to 2.50V -1.2S0V to 
+O.62S0V +1.2S0V 

1 o to 2.500V -1.2S00V to o to S.OOV -2.500V to 
+1.2S00V +2.500V 

2 o to S.OOOV -2.5000V to o to 10.00V -S.OOOV to 
+2.5000V +S.OOOV 

An external reference can alternatively be used on 
VREF IN to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the device consists of a chip 
select input, CS, a write input, WR, a transfer input, 
XFER and eight data inputs, DBO through DBZ The 
digital interface operates in one of the two modes: 

ML2341, ML2351 

1.6.1 Single-Buffered Mode 

To use the ML2341 and ML2351 in the single-buffered 
mode, tie XFER to logic "1". This will put the D/A latch 
in the transparent mode and the rising edge of WR at 
low level of CS will latch the data on DBO-DB7 into the 
input latch as well as update the D/A output voltage. 

1.6.2 Double-Buffered Mode 

To use the devices in the double-buffered mode, timing 
information is applied to WR as well a~FER inputs. 
The rising edge of WR at low level of CS will latch the 
data on DBO-DB7 into the input latch. The D/A output 
voltage will not be updated, however, until XFER is 
brought to a high level, which transfers the data from 
input latch to D/A latch. Note that the D/A latch is a 
transparent latch controlled by the level, not edge, of 
the XFER input, any write operation to the input latch 
while XFER is still at a high level results in the 
immediate update of the D/A output voltage. 

1.7 POWER-ON-RESET 

The ML2341 and ML2351 have an internal power-on­
reset circuit to initialize the device when power is first 
applied to the device. The power-an-reset interval of 
typically 8ps begins when the supply voltage, Vee 
reaches approximately 2.0V. During the power-an-reset 
interval, both the input and data latch are reset to all 
"O's". 
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2.0 TYPICAL APPLICATIONS 

2-206 

ML2261 

o :S Y,N :S 4.SV 

ML2341 

D/A 
WITH 

REFfRfNCE YOUT 

Figure S. Using 4.S0V Reference of DIA for Reference of AID Using Single SV Vee ± 10% 

+5Y 

DB7r-------~~------------------~·\ID7 

DOO DO 

DB7 
DOO 

ML2341 
ML2351 

D/A 

1------------+lINT 
f-------------j DEN 

TM5320 
IEI4 
C15 

PAD 
'------/ PAl 

cs 14--------' '--------I PAl 

WR~-------~WE~--l 
L-_-l 

Figure 6. TMS320 Interface with DIA Output 
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I 
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c---------------- 5.0Y - lOOmY 

~; l.l5V 
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, .625Y 

'C;-256 CODES 
------------------L..GND GND GND ~GND 

VOUT. GAIN 2 VOUT, CAIN 1 VOUT, GAIN VJ VOUT, GAIN % 

L ______________________________________ ~ 

Figure 7. Single SV Supply Unipolar VOUT 
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2.0 TYPICAL APPLICATIONS (Continued) 

+12V 

MICRO· 
CONTROLLER 

r- - - -- - - -- - - - - - - - --- --- - ------- --------- --l 

BIPOLAR 
VOUT 

AROUND 
4.5V 

---------9.0V 

256 CODES 
6.75V 

~~~ ~~ ~256 CODES 5.062V 256 CODES 
4.5V 4.5V ~ :=s. :i:;38V 

VOUT Gti~~\2 VOUl, GAIN"" 1/4 

2.25V ' 

----..=:j=-----4.5V 

VOUl, GAIN;;; 1 

_________ -L.GND + 100mV 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I Your, GAIN = 2 I 
L _________________________________________ ~ 

Figure 8. Single 12V Supply, Bipolar VOUT with ll-Bits Resolution Around Zero 
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution 
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ORDERING INFORMATION 

PART NUMBER 
INTEGRAL & DIFFERENTIAL 

NON-LINEARITY 

V REF OUT = 4.S0V with Vee 2': 8V and 2.2SV with Vee ::s 7V 

Ml2341BMj ±14t lSB 
Ml2341BI] 
Ml2341BCP 
Ml2341BCQ 
Ml2341CMj ±Y2 lSB 
Ml2341CI] 
Ml2341CCP 
Ml2341CCQ 

VREF OUT = S.OOV with Vee 2': 8V and 2.S0V with Vee ::s 7V 

Ml2351BMj ±1f4 lSB 
Ml2351BI] 
Ml2351BCP 
Ml2351BCQ 
Ml2351CMj ±Y2 lSB 
Ml2351CI] 
Ml2351CCP 
Ml2351CCQ 

TEMPERATURE 
RANGE 

-55°C to +125°C 
-40°C to +85°C 
DOC to +7DoC 
DOC to +7DoC 
-55°C to +125°C 
-4DoC to +85°C 
DOC to +7DoC 
DOC to +7DoC 

-55°C to +125°C 
-4DoC to +85°C 
DOC to +7DoC 
DOC to +7DoC 
-55°C to +125°C 
-4DoC to +85°C 
DOC to +7DoC 
DOC to +7DoC 
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HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED PCC 
HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED PCC 

HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED PCC 
HERMETIC DIP 
HERMETIC DIP 
MOLDED DIP 
MOLDED PCC 
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Selection Guide 
Gain/ Attenuators 

Gain Noise Harmonic Power lemperature 
Part Range Resolution (dBrnc Distortion Digital Supplies Range 

Number (dB) (dB Steps) @ Max Gain) (dB) Interface M C I Package 

Ml2003 -24 to +24 0.1 0 -60 Serial, ±5 X X 18-pin DIP 
Hard Wire 20-pin PCC 

Ml2004 -24 to +24 0.1 0 -60 Serial ±5 X X 14-pin DIP 

Ml2008 -24 to +24 0.1 0 -60 8-Bit f.1P ±5 X X 18-pin DIP 
20-pin PCC 

Ml2009 -24 to +24 0.1 0 -60 16-Bit f.1P ±5 X X 18-pin DIP 
20-pin PCC 

Equalizers 
Idle 

Frequency Channel Harmonic Power Temperature 
Part Response Noise Distortion Interface Supplies Range 

Number Adjustable (dBrnc) (dB) Comment Interface M C I Package 

Ml2020 Slope, 8 -48 60 Hz Serial ±5 X X 16-pin DIP 
III 

Height Rejection 18-pin SOIC 
Bandwidth 

Ml2021 Slope 8 -48 Group Serial ±5 X X 16-pin DIP 
Height Delay 18-pin SOIC 
Bandwidth Optimized 

Tone Detectors 
Dynamic 

Detect Range Frequency Power Temperature 
Part Frequency Detect lemplate Supplies Range 

Number (Hz) (dBm) (Hz) Comment M C I Package 

Ml2031 1K to 4K -34 to +6 Detect ±10 Exceed Bell Pub 43004, ±5 X X 8-pin DIP 
No Detect ±36 Clock Outputs of 

ClKIN 72, 78 

Ml2032 1K to 4K -34 to +6 Detect ±10 Exceed Bell Pub 43004, ±5 X X 8-pin DIP 
No Detect ±36 Uncommitted Op Amp 

Programmable Sinewave Generators 
Frequency Min Gain Harmonic Power lemperature 

Part Range Resolution Error Distortion Digital Supplies Range 
Number (Hz) (Hz) (dB) (dB) Comment Interface M C I Package 

ML2035 DC to 25K ±.75 ±.1 -45 Voltage Serial ±5 X X 8-pin DIP 
Amplitude 
Vccl2 

Ml2036 DC to 50K ±.75 ±.1 -45 Adj. Voltage Serial ±5 X X 14-pin DIP 
Amplitude, 16-pin SOIC 
Clock 
Outputs of 
CLKIN 72, 78 
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Logarithmic Gain/ Attenuator 
GENERAL DESCRIPTION 
The ML2003 and ML2004 are digitally controlled 
logarithmic gain/attenuators with a range of -24 to 
+24dB in O.1dB steps. 

The gain settings are selected by a 9-bit digital word. 
The ML2003 digital interface is either parallel or serial. 
The ML2004 is packaged in a 14-pin DIP with a serial 
interface only. 

Absolute gain accuracy is O.05dB max over supply 
tolerance of ±10% and temperature range. 

These CMOS logarithmic gain/attenuators are designed 
for a wide variety of applications in telecom, audio, 
sonar, or general purpose function generation. One 
specific intended application is analog telephone lines. 

BLOCK DIAGRAM 

Vee !'oN AGND Vss GND 

r r r r r 
VIN 

Vour 

C2 co 
(LATI) (LATO) 

C1 FO 
(SID) (SOD) 

ATTEN/ C3 F1 F3 F2 
l:AIN (SCK) 

NOTE: SERIAL MODE RJNCTIONS INDlCATB> BY .AIIEN11II!5E5. 

FEATURES 
• Low noise 0 dBrnc max with +24dB gain 
• Low harmonic distortion -60dB max 
• Gain range -24 to +24dB 
• Resolution 0.1dB steps 
• Flat frequency response ±.05dB from .3-4kHz 

±.10dB from .1-20kHz 
• Low supply current 4mA max from ±5V supplies 
• TTL/CMOS compatible digital interface 
• ML2003 has pin selectable serial or parallel 

interface; ML2004 serial interface only 
• Standard 14-pin or 18-pin 0.3" center DIP or 20-

pin molded chip carrier package 

PIN CONNECTIONS 

ML2003 
l8-PIN DIP 

C3 ATTEN/GAIN 

(LAlI)C2 Vee 

(SID)C1 Vour 

(LATO)CO Vss ML2003 
PDN AGND 2O-PIN pee 

... YIN 

II (SCK)F2 NC 

lS~ F1 FO (SOD) i! ~v 
SfR/PAR !:ioe ~ 

3212019 
TOP VIEW co (LA TO) 4 0 18 Vour 

NC 5 f1 Vss 
PON 6 16 AGND 

F3 7 15 NC 
ML2004 F2 (SCK) 8 14 NC 

l4-PIN DIP 910111213 

LAlI Vee O:~'i!~ 
SID Vour 

LATO Vss TOP VIEW 

PoN AGND 

SCK YIN 

NC NC 

GND SOD 

TOP VIEW 
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PIN DESCRIPTION 

NAME FUNCTION NAME FUNCTION 

C3 In serial mode, pin is unused. In parallel F1 In serial mode, pin is unused. In 
mode, coarse gain select bit. Pin has parallel mode, fine gain select bit. Pin 
internal pulldown resistor to GND. has internal pulldown resistor to GND. 

(LATI) C2 In serial mode, input latch clock which GND Digital ground. 0 volts. All digital inputs 
loads the data from the shift register and output are referenced to this 
into the latch. In parallel mode, coarse ground. 
gain select bit. Pin has internal SER/PAR SeriaLQL parallel select input. When 
pulldown resistor to GND. SER/PAR = 1.Jievice is in serial mode. 

(SID) C1 In serial mode, serial data input that When SER/PAR = 0, device is in parallel 
contains serial 9 bit data word which mode. Pin has internal pullup resistor to 
controls the gain setting. In parallel Vee· 
mode, coarse gain select bit. Pin has (SOD) FO In serial mode, serial output data which 
internal pulldown resistor to GND. is the output of the shift register. In 

(LATO) CO In serial mode, output latch clock which parallel mode, fine gain select bit. Pin 
loads the 9 bit data word back into the has internal pulldown resistor to GND. 
shift register from the latch. In parallel VIN Analog input. 
mode, coarse gain select bit. Pin has 

AGND Analog ground. 0 volts. Analog input internal pulldown resistor to GND. 
and output are referenced to this 

PDN Powerdown input. When PDN = 1, device ground. 
is in powerdown mode. When PDN = 0, 

Vss Negative supply. -5 volts ±10%. device is in normal operation. Pin has • internal pulldown resistor to GND. VOUT Analog output. 

F3 In serial mode, pin is unused. In parallel Vee Positive supply. +5 volts ±10",{,. 
mode, fine gain select bit. Pin has ATTEN/GAIN In serial mode, pin is unused. In 
internal pulldown resistor to GND. parallel mode, attenuation/gain select 

(SCK) F2 In serial mode, shift register clock bit. Pin has internal pulldown resistor to 
which shifts the serial data on SID into GND. 
the shift register on rising edges and 
out on SOD on falling edges. In parallel 
mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage Temperature Range (Note 2) 
Vcc .............................................. +6.5V Ml2003Cp, Ml2004Cp, Ml2004CQ ............ O"C to +70°C 
Vss .............................................. -6.5V Ml20031], Ml20041] ....................... -40°C to +85°C 

AGND with respect to GND ......................... ±.5V Supply Voltage 
Analog Input and Output ........... Vss - O.3V to Vcc + O.3V Vcc ........................................... 4V to 6V 
Digital Inputs and Outputs ........ GND - O.3V to Vcc + 0.3V Vss ......................................... -4V to -6V 
Input Current Per Pin ............................. ±25mA 
Power Dissipation ................................. 750mW 
Storage Temperature Range ................ -65"C to +150"C 
lead Temperature (soldering, 10 sec) ................. 300"C 

_~Micro Linear 3-3 



ML2003, ML2004 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to TMAX, Vee = SV ±10%, Vss = -SV ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = 0 (OdB Ideal Gain), Cl = 100pF, Rl = 6000, SCK = LATI = LATO = 0, dBm measurements use GOOn as 
reference load, digital timing measured at 1.4V. 

SYMBOL PARAMETER CONDITIONS UNITS 

Analog 

AG Absolute gain accuracy 4 VIN = 8dBm, 1kHz -0.05 iO.05 dB 

RG Relative gain accuracy 4 100000001 -.05 +.05 dB 
OOOOOOOOO -.05 +.05 dB 
()()()()()()()(1 -.05 +.05 dB 
A" other gain settings -0.1 iO.1 dB 
A" values referenced to 100000000 gain 
when ATTEN/GAIN = 1, VIN = 8dBm 
when ATTEN/GAIN = 0, 
VIN = (8dBm - Ideal Gain) in dB 

FR Frequency response 4 3OO-4OOOHz -0.05 iO.05 dB 
100-20,000 Hz -0.1 iO.1 dB 
Relative to 1 kHz 

VOS Output Offset Voltage 4 VIN = 0, +24dB gain ±100 mV 

ICN Idle Channel Noise 4 VIN = 0, +24dB gain, C msg. Weighted -6 0 dBmc 
5 VIN = 0, +24dB gain, 1kHz 450 900 nv/y'Hz 

HD Harmonic Distortion 4 VIN = adBm, 1kHz -60 dB 
Measure 2nd, 3rd harmonic relative 
to fundamental 

SD Signal to Distortion 4 VIN = adBm, 1kHz. +60 dB 
C msg. weighted 

PSRR Power Supply Rejection 4 2OOmVp_p' 1kHz sine, VIN = 0 
on Vee -60 -40 dB 
on Vss -60 -40 dB 

liN Input Impedance, VIN 4 1 Meg 

VINR Input Voltage Range 4 ±3.0 V 

Vosw Output Voltage Swing 4 ±3.0 V .. 
Digital and DC 

Vil I Digital Input Low Voltage 4 .8 V 

IH lJ'ighG' ,iipi.,iL 'Iigll vUlLage 'T ... u y 

VOl Digital Output Low Voltage 4 10l = 2mA .4 V 

VOH Digital Output High Voltage 4 IOH = -1mA 4.0 V 

INS Input Current, SERIPAR 4 VIH = GND -5 -100 pA 

INO Input Current, A" Qigital 4 VIH = Vee 5 100 pA 
Inputs Except SERIPAR 

Icc Vee Supply Current 4 No output load, Vil = GND, 4 rnA 
VIH = Vee, VIN = 0 

Iss Vss Supply Current 4 No output load, Vil = GND, -4 rnA 
VIH = Vee, VIN = 0 

leep Vee Supply Current, 4 No output load, Vil = GND, .5 rnA 
Powerdown Mode VIH = Vee 

Issp Vss Supply Current 4 No output load, Vil = GND, -.1 rnA 
Powerdown Mode VIH = Vee 
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ELECTRICAL CHARACTERISTICS (Continued) _ 
Unless otherwise specified TA = TMIN to TMAX, Vee = 5V ±10%, Vss = -5V ±10%, Data Word: ADEN/GAIN = 1, 
Other Bits = 0 (OdB Ideal Gain), CL = 100pF, RL = GOOn, SCK = LATI = LATa = 0, dBm measurements use GOOn as 
reference load, digital timing measured at 1.4V. CL = 100pF or SOD. 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Characteristics 

tSET VOUT Settling Time 4 VIN = 0.185V. Change gain from -24 to 20 J1S 
+24dB. Measure from LATI rising edge 
to when VOUT settles to within 0.05dB 
of final value. 

tsTEP VOUT Step Response 4 Gain = +24dB. VIN = -O.185V to +O.185V 20 (..IS 

step. Measured when VOUT settles to 
within 0.05dB of final value. 

tSCK SCK OnlOff Period 4 250 ns 

ts SID Data Setup Time 4 50 ns 

tH SID Data Hold Time 4 50 ns 

tD SOD Data Delay 4 0 125 ns 

tJPw LATI Pulse Width 4 50 ns 

topw LATa Pulse Width 4 50 ns 

tiS, tos LATI, LATO Setup Time 4 50 ns 

tlH, tOH LATI, LATO Hold Time 5 50 ns 

tpLD SOD Parallel Load Delay 4 0 125 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 
otherwise specified are measured with respect to ground. 

Note 2: O°C to 700C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25OC. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. parameters not 100% tested are not in outgoing quality level calculation. 

TIMING DIAGRAM 

SCK 

SID 

SOD 

SCK 

LMI -------------JI 

LATO __________________________ -JI 

SOD 

TIMING PARAMETERS ARE REFERENCED TO THE 1.4 YOU MIDPOIN"L 

Figure 1. Serial Mode Timing Diagram 
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TYPICAL PERFORMANCE CURVES 
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Figure 4. Output Noise Voltage vs Frequency 
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Figure 3. Amplitude vs Frequency (v,Nl'VOUT = 2VRMS) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 8. SIN + 0 vs Gain Setting (V.Nf\'OUT = 2VRMS) 

1.0 FUNCTIONAL DESCRIPTION 
The ML2003 consists of a coarse gain stage, a fine gain 
stage, an output buffer, and a serial/parallel digital 
interface. 

1.1 Gain Stages 

The analog input, V'N, goes directly into the op amp 
input in the coarse gain stage. The coarse gain stage 
has a gain range of 0 to 22.5dB in 1.5dB steps. 

The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of 0 to 1.5dB in 
O.1dB steps. 

In addition, both sections can be programmed for 
either gain or attenuation, thus doubling the effective 
gain range. 

The logarithmic steps in each gain stage are generated 
by placing the input signal across a resistor string of 16 
series resistors. Analog switches allow the voltage to be 
tapped from the resistor string at 16 points. The resistors 
are sized such that each output voltage is at the proper 
logarithmic ratio relative to the input signal at the top 
of the string. Attenuation is implemented by using the 
resistor string as a simple voltage divider, and gain is 
implemented by using the resistor string as a feedback 
resistor around an internal op amp. 

1.2 Gain SeHings 

Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain 
from -24dB to +24dB in O.1dB steps can be obtained by 

z 
~ 

80 

70 

60 

50 

40 

30 

20 

d 
~ -

/ ~ --
AllEN: V,N = .5VRMS 
GAIN: V,N = .5VRMs/GAIN SmlNG 

VINLKHZ 

~J;;;---
~~50K-;;; ---......... -

-24 -18 -12 -6 6 12 18 24 

GAIN SmlNG (dB) 

Figure 9. SIN + 0 vs Gain SeHing (V.WVOUT = .5VRMS) 

combining the coarse and fine gain settings to yield the 
desired gain setting. The relationship between the 
digital select bits and the corresponding analog gain 
values is shown in Tables 1 and 2. Note that C3-CO 
selects the coarse gain, F3-FO selects the fine gain, and 
ATTEN/GAIN selects either attenuation or gain. 

1.3 Output Buffer 

The final analog stage is the output buffer. This 
amplifier has internal gain of 1 and is designed to 
drive 600 ohms and 100pF loads. Thus, it is suitable 
for driving a telephone hybrid circuit directly without 
any external amplifier. 

1.4 Power Supplies 

The digital section is powered between Vee and GND, 
or 5 volts. The analog section is powered between Vee 
and Vss and uses AGND as the reference point, or ±5 
volts. 

GND and AGND are totally isolated inside the device 
to minimize coupling from the digital section into the 
analog section. However, AGND and GND should be 
tied together physically near the device and ideally 
close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vee and Vss 
to the analog output is greater than -GOdB at 1 kHz. If 
decoupling of the power supplies is still necessary in a 
system, Vee and Vss should be decoupled with 
respect to AGND. 
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FUNCTIONAL DESCRIPTION (Continued) 

Table 1. Fine Gain Settings (C3-C0 = 0) . 

~a1 Cain (dBl __ 
F3 F2 F1 FO AmN/CAIN = 1 AlTEN/CAIN = 0 

0 0 0 0 .0 .0 
0 0 0 1 -.1 .1 
0 0 1 0 -.2 .2 
0 0 1 1 -.3 .3 
0 1 0 0 -.4 .4 
0 1 0 1 -.5 .5 
0 1 1 0 -.6 .6 
0 1 1 1 -.7 .7 
1 0 0 0 -.8 .8 
1 0 0 1 -.9 .9 
1 0 1 0 -1.0 1.0 
1 0 1 1 -1.1 1.1 
1 1 0 0 -1.2 1.2 
1 1 0 1 -1.3 1.3 
1 1 1 0 -1.4 1.4 
1 1 1 1 -1.5 1.5 

1.5 Powerdown Mode 

A powerdown mode can be selected with pin PON. 
When PON = 1, the device is powered down. In this 
state, the power consumption is reduced by removing 
power from the anal?s section and forcing the analog 
output, Your, to a high impedance state. While the 
devic~ is in powerdown mode, the digital section is still 
functional and the current data word remains stored in 
the .Iatc.h ~hen in serial mode. When PON = 0, the 
device IS In normal operation. 

1.6 Digital Section 

!he ML2003 can bJUmerated with a serial or parallel 
Interface. The SERIPAR pin selects the desired interface. 
When SERIPAR = 1, the serial mode is selected. When 
SERIPAR = 0, the parallel mode is selected. The ML2004 
digitai interface is seriai oniy. 

1.6.1 Serial Mode 

Serial mode is selected by setting SERIPAR pin high. 
The serial interface allows the gain settings to be set 
from a serial data word. 

The tim.in~ for the serial mode is shown in Figure 10. 
The serral Input data, SID, is loaded into a shift register 
on rising edges of the shift clock, SCK. The data can be 
parallel loaded into a latch when the input latch signal 
LATI, is high. The LATI pulse must occur when SCK is ' 
low. In this way, a new data word can be loaded into 
the shift register without disturbing the existing data 
word in the latch. . 

The parallel outputs of the latch control the 
attenuation/gain setting. The order of the data word 
bits in the latch is shown in Figure 11. Note that bit 0 is 
the first bit of the data word clocked into the shift 
register. Tables 1 and 2 describe how the data word 
programs the gain. 

Table 2. Coarse Gain Settings (F3-FO = 0) 

~ Cain (dB) __ 
C3 C2 C1 CO AlTEN/CAIN = 1 AlTEN/CAIN = 0 

0 0 0 0 .0 .0 
0 0 0 1 -1.5 1.5 
0 0 1 0 -3.0 3.0 
0 0 1 1 -4.5 4.5 
0 1 0 0 ..u.O 6.0 
0 1 0 1 -7.5 7.5 
0 1 1 0 -9.0 9.0 
0 1 1 1 -10.5 10.5 
1 0 0 0 -12.0 12.0 
1 0 0 1 -13.5 13.5 
1 0 1 0 -15.0 15.0 
1 0 1 1 -16.5 16.5 
1 1 0 0 -18.0 18.0 
1 1 0 1 -19.5 19.5 
1 1 1 0 -21.0 21.0 
1 1 1 1 -22.5 22.5 

The device also has the capability to read out the data 
wor~ stored in the latch. This can be done by parallel 
loading the data from the latch back into the shift 
register when the latch signal, LATO, is high. The LATO 
pulse must occur when SCK is low. Then, the data 
word can be shifted out of the shift register serially to 
the output, SOD, on falling edges of the shift clock 
SCK. ' 
The loading and reading of the data word can be done 
continuously or in bursts. Since the shift register and latch 
circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. . 
However, there is coupling (typically less than l00"V) of the 
di~~1 ~ignals into t~e analog section. This coupling can be 
!f11n1mlzed by clocking the data bursts in during noncritical 
Intervals or at a frequency outside the analog frequency 
range. 

1.6.2 Parallel Mode 

The parallel mode is selected by setting SERIPAR pin 
low. The parallel interface allows the gain settings to be 
set with external switches or from a parallel 
microprocessor interface. 

In parallel mode, the shift register and latch are 
bypasse? an? connections are made directly to the gain 
select bits With external pins ATTEN/GAIN, C3-CO, and 
F3-FO. Tables 1 and 2 describe how these pins program 
the gain. The pins ATTEN/GAIN, C3-CO and F3-FO have 
internal pulldown resistors to GND. Th~ typical value of 
these pulldown resistors is 100kO. 
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FUNCTIONAL DESCRIPTION (Continued) 

SCK 

SID 

WI n 
----------------------------------~ ~-------

LAID 

SOD 

a) LOAD 

SCK 

SID 

LATI -LAID 

SOD 

b) READ 

F'lgUre 10. Serial Mode TIming 

ATTEN/GAiN C3 C2 (1 co F3 F2 F1 FO - FUNCTION 

1 8 1 7 1 6 1 5 4 1 3 1 2 I, 1 0 1- BIT NUMBER 

MSB LSB 

Figure 11. 9-Bit Latch 

'Micro Linear 
3-9 



ML2003, ML2004 

APPLICATIONS 

3-10 

ML2004 
LOG GAIN/AllEN 

""'-_ YiN Your r-

i ~ ~ 

f-

iN I---

MI.2020 
EQUAUZER 

YiN VOUT 

i ~ ~ 

I I 

N\. -

""'-------l YiN 

ML2003 

VOUT t----N\. 
ATrEN/GAIN 

O-CO 
F3-Fl 

Figure 12. 'JYpicaI Serial Interface Figure 13. l)'picaJ pP Parallel Interface 

, 
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- YiN VOUT t- - YiN Your I- - Y,N VOUT l-

i '" ~ ~ Q ~ ~ ~ Q ~ ~ ~ ~ in in 

I J I I L-s 
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pP 

, 

Figure 14. Controlling Multiple ML2020 and ML2004 With Only 3 Digital Unes 
Using One Long Data Word 

ML2003 

- YiN VOIii N\. 
YiN pP 

AID OR 
ATTEN/GAIN DSP 

C3-CO 
F3-F1 

I ...t! 1"-

8-BIT LATCH 

...t! I .. :.-- .. ~ 
Figure 15. ACC For DSP Or Modem Front End 
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APPLICATIONS (Continued) 

ML2003 

.JV\.. 
Vour~-~-------4r-
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C3-CO 
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+5 
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ML2003 

-----1 Y,N Your 1------

AlTEN/GAIN 
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FROM 
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SWITCHES 

Figure 16. Analog AGC Figure 17. Digitally Controlled Volume Control 

ML2003 

VPEAK 

VREF VOUTt------------.--- Your 

CLKl CLK2 

ICLK1 DETERMINES PEAK ACQUIRE TIME 
!eLK' DETERMINES PEAK HOLD TIME 

Figure 18. Precision Peak Detector (±1%) with Controllable Acquire and Hold limes 
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ORDERING INFORMATION 

PART NUMBER 
ML20031j 
ML2003CP 
ML2003CQ 
ML2004IJ 
ML2004CP 

PACKAGE 

HERMETIC DIP 
MOLDED DIP 
MOLDED PCC 
HERMETIC DIP 
MOLDED DIP 

TEMP. RANGE 
_40°C to +85OC 

DOC to +7DOC 
DOC to +7DOC 

-40°C to +85 OC 
DOC to +7DOC 
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'Micro Linear ML2008,ML2009 
J.lp Compatible Logarithmic Gain / Attenuator 

GENERAL DESCRIPTION 
The ML2008 and ML2009 are digitally controlled logarithmic 
gain/attenuators with a range of - 24 to +24dB in 0.1 dB 
steps. 

Easy interface to microprocessors is provided by an input 
latch and control signals consisting of chip select and write. 

The interface for gain setting of the ML2008 is by an 8-bit 
data word, while the ML2009 is designed to interface to a 
16-bit data bus or with an 8-bit data bus with a single write 
operation by hard-wiring the gain/attenuation pin or LSB pin. 
The ML2008 can be power downed by the microprocessor 
utilizing a bit in the second write operation. 

Absolute gain accuracy is 0.05 dB max over supply tolerance 
of ±10% and temperature range. 

These CMOS logarithmic gain / attenuators are designed for a 
wide variety of applications in telecom, audio, sonar, or gen­
eral purpose function generation. 

BLOCK DIAGRAMS 

ML2008 

Vee Vss GND AGND 

I I J ~ +5 -5 

01-D8 

FEATURES 
• Low noise OdBrnc max with +24dB gain 
• Low harmonic distortion -60dB max 
• Gain range - 24 to +24dB 
• Resolution O.ldB steps 
• Flat frequency response ± 0.05 dB from 0.3-4 kHz 

±0.10dB from 0.1-20 kHz 
• Low supply current 4mAmaxfrom ±sVsupplies 
• TIL/CMOS compatible digital interface 
• ML2008 is designed to interface to an 8-bit data bus; 

ML2009 to 16-bit data bus. 
• Standard 18-pin 0.3" center DIP or 20-pin molded 

chip carrier package 

ML2009 

Vee Vss GND AGND 

I I J l +5 -5 

V,N 

DO-08 
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PIN· CONNECTIONS 

07 

D6 

OS 

D4 

WR 

03 

02 

D1 

ML2008 

18-PIN DIP 

D8 

Vee 

VOUT 

Vss 

AGNO 

V,N 

NC 

CS 
AO 

lOP VIEW 

2O-PIN PLCC 

OS D6 07 D8 Vee 

D1 GNO AO CS V,N 

lOP VIEW 

PIN DESCRIPTION 

NAME 

Vss 
Vee 

GI\!D 

AGND 

VIN 

VOUT 

D8 

D7 
D6 
D5 

D4 

FUNCTION 

Negative supply. -5volts ±1O% 

Positive supply. 5volts ± 10% 
. Digital ground. Ovolts. All digital 

inputs are referenced to this 
ground. 
Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 

Analog input 

Analog output 

Data bit, ATTEN/GAIN 

Data bit, C3 

Data bit, C2 

Data bit, C1 
Data bit,CO 

,", 

ML2009 

18-PINOIP 

07 D8 

D6 Vee 

OS VOUT 

D4 

·WR AGNO 

03 

D2 NC 

D1 

lOP VIEW 

20-PIN PLCC 

OS D6 07 D8 Vee 

D1 GNO D8 CS V,N 

lOP VIEW 

VOUT 

Vss 

AGNO 

NC 

NC 

NAME FUNCTION 

D3 Data bit, F3 

D2 Data bit, PDN, F2 ML2008; F2 
ML2009 

D1 Data bit, FO, F1 ML2008; F1 
tylL2009 

DO Data bit, FO ML2009 only 

WR Write enable. This input latches 
the data. bits into the registers on 
rising edges of WR. 

CS Chip select. This input selects the 
device by only allowing the WR 
signal to latch in data when CS is 
low. 

AO (ML2008 only) Address select. This input deter­
mines which data word is being 
written into the registers. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Su pply Voltage Temperature Range (Note 2) 
Vee . ........................................ +6.5V ML2008Cp, ML2009CP .................... O°Cto +70°C 
~ ......................................... -~V ML2008CQ,ML2009CQ .................. O°Cto +70°C 
AGND with Respect to GND ................... Vee to Vss ML20081j, ML20091j ................... -4O°Cto +85°C 
Analog Inputs and Outputs ........ Vss -0.3Vto Vee +0.3V Supply Voltage 
Digital Inputs and Outputs ....... GND -O.3VtoVee +O.3V Vee·······································4Vt06V 
InputCurrentPerPin .......................... ±25mA Vss .................................... -4Vto -6V 
Power Dissipation ............................. 750mW 
Storage Temperature Range ............. -65°Cto +150°C 
Lead Temperature (Soldering 10 sec.) ................ 300° C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA ~ T MIN to TMAX, Vcc~Sv ±lO%, vss~ -SV ±lO%, Data Word: D8 (ATTEN/GAIN) ~l, Other 
Bits~O, (OdB Ideal Gain), CL ~lOOpF, RL ~600Q, dBm measurements use 600Q as reference load, digital timing measured at 
1.4V. 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG 
AG Absolute Gain Accuracy 4 VIN -8dBm,lkHz -0.05 +0.05 dB 

RG Relative Gain Accuracy 4 100000001 -0.05 +0.05 dB 
OOOOOOOOO -0.05 +0.05 dB 
000000001 -0.05 +0.05 dB 
All other gain settings -0.1 +0.1 dB 
All values referenced to 100000000 gain 
when D8 (ATIEN/GAIN)-l, VIN -8dBm 
when D8 (ATIEN/GAIN) -0, 
VIN -(8dBm-ldeal Gain) in dB 

FR Frequency Response 4 300-4000Hz -0.05 +0.05 dB 
100-20,000 Hz -0.1 +0.1 dB 
Relative to 1 kHz 

Vos Output Offset Voltage 4 VIN -0, +24dB gain ±100 mV 

leN Idle Channel Noise 4 VIN-O, +24dB, C msgweighted -6 0 dBrnc 
5 VIN -0, +24dB, 1 kHz 450 900 nv/ ;{RZ 

HD Harmonic Distortion 4 VIN - 8dBm, 1 kHz -60 dB 
Measure 2nd, 3rd, harmonic relative to 
fundamental 

SD Signal to Distortion 4 VIN -8dBm, 1 kHz +60 dB 
C msg weighted 

PSRR Power Supply Rejection 4 200mVp-p' 1kHz sine, VIN-O 
on Vee -60 -40 dB 
on Vss -60 -40 dB 

liN Input Impedance, VIN 4 1 Meg 

VINR Input Voltage Range 4 ±3.0 V 

Vosw Output Voltage Swing 4 ±3.0 V 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = T MIN to T MAX, Vee = SV ± 10%, Vss = - SV ± 10%, Data Word: D8 (ATIEN/GAIN) = 1, Other 
Bits=O (OdB Ideal Gain), CL = 100pF, RL =600Q, dBm measurements use 600Q as reference load, digital timing measured at 
1.4 V, CL = 100 pF. 

SYMBOL PARAMETER CONDITIONS UNITS 

DIGITAL AND DC 

V ,L Digital Input Low Voltage 4 O.B V 

V,H Digital Input High Voltage 4 2.0 V 

liN Input Current, Low 4 V'H~GND -10 J"A 
liN Input Current, High 4 V'H~Vce 10 I-'A 

lee Vee Supply Current 4 No output load, V ,L ~ GND, 4 mA 
V'H~Vee, V'N~O 

Iss Vss Supply Current 4 No output load, V ,L ~GND, -4 mA 
V'H~Vce, V'N~O 

leep Vee Supply Current, ML200B 4 No output load, V ,L ~GND, 0.5 mA 
Powerdown Mode Only V'H~Vce 

Issp Vss Supply Current, ML200B 4 No output load, V ,L ~ GND, -0.1 mA 
Powerdown Mode Only V'H~Vce 

AC CHARACTERISTICS 

ISET VOUT Settling Time 4 V'N~0.lB5V.Changegainfrom -24to 20 1-'5 
+24dB. Measure from WR rising edge to 
when VOUT settles to within 0.05dB of 
final value. 

tSTEP VOUT Step Response 4 Gam~ +24dB. V'N~ -3Vto +3Vstep. 20 I-'s 
Measure from V'N~ -3Vtowhen VOUT 
settles to within 0.05dB of final value. 

tDS Data Setup Time 4 50 ns 

tDH Data Hold Time 4 50 ns 

tAS AO Setup Time 4 0 ns 

tAH AO Hold Time 4 0 ns 

tess CS* Setup Time 4 0 ns 

teSH CS* Hold Time 4 0 ns 

tpw WR* Pulse Width 4 50 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: O°C to +70°C and - 40°C to +B5°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, samplmg, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING DIAGRAM 

DO-D8~~ ~~~ ~ 
~~tDS tDH~-

~-----

AO 

Figure 1. Timing Diagram 

TYPICAL PERFORMANCE CURVES 

11,111 l1m:::' ....... 

AITEN: Y,N - .5VRMS " 
-0.5 II III ~ ~ 

AITEN: Y,N 2VRMS 
-0.5 

1111 "-GAIN: Y,N = .5VRMsiGAIN SETTING "-GAIN: Y,N = 2VRMsiGAIN SETTING 
-.10 -.10 

-.15 

=- -.20 
~ 

C -.25 
:l .... 
~ -.30 
::; 
"" -.35 

-.40 

-.45 

-.50 
100 lK 

GAIN = + 24dB \~ 
GAIN = + 18dB \1/ 
GAIN = + 12dB V 

GAIN = + 0, -24dB \ 

1\ 

10K 

FREQUENCY (Hz) 

WOK 

-.15 

=- -.20 
~ 

C -.25 

i2 
~ -.30 
::; 
"" -.35 

-.40 

-.45 

-.50 
100 lK 

GAIN = +24dB f 1\ 
?m=Odf / 
GAIN = -24dB 

\ 

10K 

FREQUENCY (Hz) 

lOOK 

Figure 2. Amplitude vs Frequency (V,NIVoUT = O.5VRMs) Figure 3. Amplitude vs Frequency (V,NIVoUT= 2VRMs) 
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0.2 
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\ 
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" ~ 
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Figure 4. Output Noise Voltage vs Frequency 

10K 

-2 
YIN == 0 

-3 

¥ -4 .;; 
~ 

~ -5 

is 
~ -6 .... 
:l 

/ 
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/ 
il 
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:l 
0 
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::; 
u 

/ 
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-9 
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-10 
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GAIN SETTING (dB) 

Figure 5. CMSG Output Noise vs Gain Setting 
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TYPICAL PERFORMANCE CURVES (Continued) 

100 
ATTEN: Y,N = 8dBm 
GAIN: Y,N = 8dBm/GAIN SmlNG 
1KHz 

90 

80 .. 
:!:!. 
z 
~ 70 

ill 
:!; 

U 60 

....-~ 
./"" 

V 
50 

40 
-24 -18 -12 -6 0 12 18 24 

GAIN SmlNG (dB) 

Figure 6. eMSG SIN YS Gain Setting 

80 

J'N=lkH~ 
70 

L...--::: 
60 .. 

:!:!. 50 
C 

/ ........... 
......... 

" 
............ Y,N - 20kHz 

\ 
z 40 
~ 

30 

20 

1\ 
"J"-,... Y,N = 50kHz 

ATTEN: Y,N = 2YRMS 
GAIN, Y,N = 2YRMs/GAIN SmlNG 

10 
-24 -18 -12 -6 12 18 24 

GAIN smlNG (dB) 

Figure 8. SIN +Dvs Gain Setting (VIN/VouT= 2VRMS) 

1.0 FUNCTIONAL DESCRIPTION 
The ML2008, ML2009 consists of a coarse gain stage, a fine 
gain stage, an output buffer, and a;.tP compatible paralle! 
digital interface. 

1.1 Gain Stages 
The analog input, VIN, goes directly into the op amp input in 
the coarse gain stage. The coarse gain stage has a gain range 
ofOto 22.SdB in 1.SdB steps. 

The fine gain stage is cascaded onto the coarse section. The 
fine gain stage has a gain range of 0 to l.5dB in 0.1 dB steps. 

Both stages can be programmed for either gain or attenua­
tion, thus doubling the effective gain range. 

.. 
:!:!. 

'" ~ 
!Ii 
z 
:;: 

" 

.. 
:!:!. 
c 
+ 
Z 
~ 

0.1 

.08 

.06 

.04 

.02 - ---r--
-.02 

- r--r--
-.04 

-.06 

-.08 

-1.0 
-24 -18 -12 -6 6 

GAIN SmlNG (dB) 

12 18 24 

Figure 7. Gain Error vs Gain Setting 

80 

YINLKHZ 
70 

60 

50 

~ 
...... 

YIJ;;;; I--r--:: 

l/ ~ r--~~;:: r--
--

40 

30 

ATTEN: Y,N = .5YRMS 
GAIN: Y,N = .5YRMs/GAIN SmlNG 

20 
-24 -18 -12 -6 12 18 24 

GAIN smlNG (dB) 

Figure 9. 51 N +D YS Gain Setting (VI NIVOUT = O.5VRMS) 

The logarithmic steps in each gains stage are generated by 
placing the input signal across a resistor string of 16 series 
resistors. Analog switches allow the voltage to be tapped from 
the resistor string at 16 points. The resistors are sized such that 
each output voltage is at the proper logarithmic ratio relative 
to the input signal at the top of the string. Attenuation is im­
plemented by using the resistor string as a simple voltage 
divider, and gain is implemented by using the resistor string 
as a feedback resistor around an internal op amp. 

1.2 Gain Settings 
Since the coarse and fine gain stages are cascaded, their gains 
can be summed logarithmically. Thus, any gain from - 24dB 
to +24dB in O.ldB steps can be obtained by combining 
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the coarse and fine gain settings to yield the desired gain 
setting. The relationship between the register 0 and 1 bits and 
the corresponding analog gain values is shown in Tables 1 and 
2. Note that C3-CO select the coarse gain, F3-FO select the 
fine gain, and ATIEN/GAIN selects either gain or 
attenuation. 

1.3 Output Buffer 
The final analog stage is the output buffer. This amplifier has 
internal gain of 1 and is designed to drive 600Q, 100pF loads. 
Thus, it is suitable for driving a telephone hybrid circuit di­
rectly without any external amplifier. 

Table 1. Fine Gain Settings (C3 - CO = 0) 

Ideal Gain (dB) 
F3 F2 F1 FO AllEN/GAIN=l AllEN/GAIN=O 

0 0 0 0 0.0 0.0 
0 0 0 1 -0.1 0.1 
0 0 1 0 -0.2 0.2 
0 0 1 1 -0.3 0.3 
0 1 0 0 -0.4 0.4 
0 1 0 1 -0.5 0.5 
0 1 1 0 -0.6 0.6 
0 1 1 1 -0.7 0.7 
1 0 0 0 -0.8 0.8 
1 0 0 1 -0.9 0.9 
1 0 1 0 -1.0 1.0 
1 0 1 1 -1.1 1.1 
1 1 0 0 -1.2 1.2 
1 1 0 1 -1.3 1.3 
1 1 1 0 -1.4 1.4 
1 1 1 1 -1.5 1.5 

2.0 DIGITAL INTERFACE 
The architecture of the digital section is shown in the preced­
ing block diagram. 

The structure of the data registers or latches is shown in Fig­
ures 10 and 11 for the ML2008 and ML2009, respectively. The 
registers control the attenuation/gain setting bits and with the 
ML2008 the power down bit. 

Tables 1 and 2 describe how the data word programs the gain. 

The difference between the ML2008 and ML2009 is in the 
register structure. The ML2008 is a 8-bit data bus version. This 
device has one 8-bit register and one 2-bit register to store the 
9 gain setting bits and 1 powerdown bit. Two write operations 
are necessary to program the full 10 data bits from eight exter­
nal data pins. The address pin AO controls which register is 
being written into. The powerdown bit, PDN, causes the 
device to be placed in powerdown. When PDN = 0, the de­
vice is powered down. In this state, the power consumption 
is reduced by removing power from the analog section and 

ML2008,ML2009 

1.4 Power Supplies 
The digital section is powered between Vee and GND, or 5 V. 
The analog section is powered between Vee and Vss and 
uses AG N D as the reference poi nt, or ± 5 V. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100/lV. However, AGND 
and GND should be tied together physically near the device 
and ideally close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vee and Vss to the 
analog output is greater than -60dB at 1 kHz. If decoupling 
of the power supplies is still necessary in a system, Vee and 
Vss should be decoupled with respectto AGND. 

Table 2. Coarse Gain Settings (F3 - FO = 0) 

Ideal Gain (dB) 
e3 e2 C1 co AllEN/GAIN = 1 AllEN/GAIN = 0 

0 0 0 0 0.0 0.0 
0 0 0 1 -1.5 1.5 
0 0 1 0 -3.0 3.0 
0 0 1 1 -4.5 4.5 
0 1 0 0 -6.0 6.0 
0 1 0 1 -7.5 7.5 
0 1 1 0 -9.0 9.0 
0 1 1 1 -105 10.5 
1 0 0 0 -12.0 12.0 
1 0 0 1 -13.5 13.5 
1 0 1 0 -15.0 150 
1 0 1 1 -16.5 16.5 
1 1 0 0 -18.0 18.0 
1 1 0 1 -19.5 19.5 
1 1 1 0 -21.0 21.0 
1 1 1 1 -22.5 22.5 

forcing the analog output, VOUT, to a high impedance state. 
While the device is in powerdown, the digital section is still 
functional and the current data word remains stored in the 
registers. When PDN =0, device is in normal operation. 

The ML2009 is a 9-bit data bus version. Th is device has one 
9-bit register to store the 9 gain setting bits. The full 9 data bits 
can be programmed with one write operation from nine 
external data pins. 

The internal registers or latches are edge triggered. The data is 
transferred from the external pins to the register output on 
the rising edge ofWR. The address pin, AO, controls which 
register the data will be written into as shown in Figures 1 and 
2. The CS control signal selects the device by allowing the 
WR signal to latch in the data only when CS is low. When CS 
is high, WR is inhibited from latching in new data into the 
registers. 
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00 w ~ ill ~ 00 ru rn 00 

AO=O IAn-EN/GAIN I C3 C2 a co F3 F2 I F1 I REG 0 

I PDN I FO I REG 1 

Figure 10. ML2008 Register Structure 

ML2008 

VOUT 

~P 

Figure 12. Typical8-8it ~P Interface, Double Write 

ML2009 

Figure 14. Typical 16-8it ~P Interface 

00 w ~ ill ~ 00 ru rn 00 00 

I An-EN/GAiN I C3 I C2 I Cl I CO I F3 I F2 I F1 I FO I REG 0 

Figure 11. M,L2009 Register Structure 

ML2009 

VOUT V\./'v 

~P 

Figure 13. Typical8-8it ~P Interface, Single Write 

ML2009 

VOUT 

Figure 15. AGe for DSP or Modem Front End 

~P 
OR 
DSP 
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+5V 

ML2009 

VOUT 

-5V 

Figure 16. Operation as Logarithmic D! A Converter 

ORDERING INFORMATION 

PART NUMBER 

ML2008IJ 
ML2008CP 
ML2008CQ 
ML20091j 
ML2009CP 
ML2009CQ 

ML2008, ML2009 

ML2008 ML2008 

V,N 

AO r----t==t..\\\F-J-4-----=t\\\"F't_' 
WR 

~p 

Figure 17. Controlling Multiple Gain! Attenuators 

TEMPERATURE 
RANGE 

-40°Clo +85°C 
O°Clo +70°C 
O°Clo +70°C 

-40°Clo +85°C 
O°Clo +70°C 
OOClo +70°C 

PACKAGE 

HERMETIC DIP 
MOLDED DIP 
MOLDEDPCC 
HERMETIC DIP 
MOLDED DIP 
MOLDEDPCC 
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GENERAL DESCRIPTION 
The ML2020 is a monolithic analog line equalizer for 
telephone applications. The ML2020 consists of a switched 
capacitor filter that realizes a family of frequency response 
curves optimized for telephone line equalization. 

The ML2020 consists of a continuous anti-aliasing filter, a 
60Hz rejection highpass filter section, three programmable 
switched capacitor equalization filters, an output smoothing 
filter, a 600Q driver, and a digital section for the serial 
interface. 

The equalization filters adjust the slope, height, and band­
width of the frequency response. The desired frequency 
response is programmed by a digital 14-bit serial input data 
stream. 

The ML2020 is implemented in a double polysilicon CMOS 
technology. 

BLOCK DIAGRAM 

ClKSEL Vee AGND Vss 

m~ ---- - I GENERATOR I 
I 

? ? ? 
""'- -" I'UUI 

LATI 

SID SOD 

SCK LATO 

ML2020 

Telephone Line Equalizer 

FEATURES 
• Slope, height, and bandwidth adjustable 
• 60Hz rejection filter 
• On chip anti-alias filter 
• Bypass mode 
• Low supply current 6 mA typical from ± SV supplies 
.nL/CMOS compatible interface 
• Double buffered data latch 
• Selectable master clock 1.544 or 1.536 MHz 
• Synchronous or asynchronous data loading capability 
• Compatible with ML2003 and ML2004logarithmic 

gain/ attenuator 
• Standard 16-pin 0.3" center molded or hermetic dip 

and 18-pin SOIC 

• O°C to +70°C and -40°C to +8SoC operating 
temperature range 

PIN CONNECTIONS 

Ml2020 
16-PIN DIP 

CLKSEL~Vee 
SID rl2 15 h PDN 

Ml2020 
l8-PIN sOle 

CLKSEL Vee 
SID PDN 
NC VOUT 

LATO AGND 
SCK NC 
NC VIN 

SOD NC 
CLK Vss 

GND -...:......_....:::..-LATI 
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PIN DESCRIPTION 
NAME 

CLKSEl 

SID 

LATO 

SCK 

SOD 

ClK 

FUNalON 

Clock select input. This pin selects 
the frequency of the ClK input. If 
ClK is l.536MHz, set ClKSEl= 1. 
IfClK is 1.544MHz, set 
ClKSEl=O. Pin has an internal 
pullup resistor to Vee. 

Serial input data. Digital input that 
contains serial data word which 
controls the filter frequency re­
sponse setting. 

Output latch clock. Digital input 
which loads the data word back 
into the shift register from the 
latch. 

Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on risi ng edges and 
out onto SOD on falling edges. 

Serial output data. Digital output 
of the shift register. 

Master clock input. Digital input 
which generates clocks for the 
switched capacitor filters. Fre­
quency can be either 1.544 MHz 
or 1.S36MHz. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
Vcc ......................................... +6.5V 
Vss ......................................... -6.5V 
AGNDwith RespecttoGND ..................... ±O.5V 
Analog Input and Output .......... Vss -O.3VtoVcc +O.3V 
DigItal Input and Outputs ........ GND -0.3 V to Vcc +0.3 V 
Input Current Per Pin .......................... ±25mA 
Power DissipatIon ............................. 750mW 
Storage Temperature Range ............. -65°Cto +150°C 
Lead Temperature (Soldering 10 sec.) ................ 300° C 

NAME 

GND 

LATI 

Vss 

VIN 

AGND 

VOUT 

PON 

Vee 

ML2020 

FUNalON 

Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 
Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 

Negative supply. -5volts ±10%. 

Analog input. 

Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 

Analog output. 

Powerdown input. When PON = 1, 
device is in powerdown mode. 
When PON=O, device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 

Positive supply. 5 volts ± 10% 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML202OCp, ML2020CS .................•.. 0° C to +70° C 
ML2020lj ............................ -40°C to +85°C 

Supply Voltage 
Vcc ....................................... 4Vt06V 
Vss ................................... -4Vto -6V 

'Micro Linear 3-23 

• 



ML2020 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA= TMIN to TMAX, Vcc=SV±10%, Vss= -SV±10%, Data Word: BP=l, Other Bits=O, CL =100pF, 
RL -6002, dBm measurements llse 6002 as reference load, VIN= -7dBm, 1 kHz sinusoid CLK=l.544MHz ±3OOHz and digi­
tal time measured at 1.4 V 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG 
SR Response, Slope Section 4 1 kHz response 

NUL 53 52 51 SO -- - - - -
0 0 0 0 1 1.4±0.1 dB 
0 0 0 1 0 2.6±0.2 dB 
0 0 1 0 0 4.7±0.2 dB 
0 1 0 0 0 7.8±0.2 dB 
0 1 1 1 1 11.4 ±0.2S dB 
1 0 0 0 0 0±0.1 dB 
1 0 0 0 1 0.4±0.1 dB 
1 0 0 1 0 0.9±0.2 dB 
1 0 1 0 0 1.8±0.2 dB 
1 1 0 0 0 3.7±0.2 dB 
1 1 1 1 1 6.6±0.2S dB 

Referenced to 
0 0 0 0 0 

HR Response, Height Section 4 3250 Hz respo!l2.e referenced to 1 kHz 
response with BP-l, other bits=O 

NUL H3 H2 H1 HO -- - - - -
0 0 0 0 0 0±0.1 dB 
0 0 0 0 1 0.6±0.2 dB 
0 0 0 1 0 1.2±0.2 dB 
0 0 1 0 0 2.4±0.2 dB 
0 1 0 0 0 S.8±0.3 dB 
0 1 1 1 1 11.2 ±0.3 dB 

BR Response, Bandwidth 4 NUL B3 B2 Bl BO H3 H2 Hl HO 
Section (Q) -- --------

0 0 0 0 0 1 1 1 1 16.1±2.0 
0 0 0 0 1 1 1 1 1 14.2±1.S 
0 0 0 1 0 1 1 1 1 12.6±1.S 
0 0 1 0 0 1 1 1 1 9.1±1.0 
0 1 0 0 0 1 1 1 1 3.6±0.S 
0 1 1 1 1 1 1 1 1 1.2 ±O.3S 

t'K BW Peak Frequency 4 H3thru HO=l 3230 3250 3270 Hz 

AG Absolute Gain, Flat 4 1104kHz -0.1 +0.1 +0.3 dB 
Response 

AGB Absolute Gain, Bypass Mode 4 0.3 to 4kHz, BP-O -0.1 +0.1 +0.3 dB 

ICN Idle Channel Noise 4 VIN-O 3 8 dBrnc 

VIN = 0, All Data Bits = 1 9 dBrnc 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA= TMIN toTMAX, Vcc=5V±10%, Vss= -5V±10%, Data Word: BP-1, Other Bits-O, CL =lOOpF, 
RL = 6OOQ, dBm measurements use 600Q as reference load, VIN = - 7 dBm, 1 kHz sinusoid CLK= 1. 544 MHz ± 300 Hz and digi­
tal time measured at 1.4 V 

SYMBOL PARAMETER 

ANALOG 

HD Harmonic Distortion 4 

SD Signal to Distortion 4 

SFN Single Frequency Noise 5 

PSRR Power Supply Rejection 4 

liN Input Impedance, VIN 4 

Vas Output Offset Voltage 4 

VINR Input Voltage Range 4 

Vosw Output Voltage Swing 4 

DIGITAL AND DC 

VIL Digital Input Low Voltage 4 

VIH Digital Input High Voltage 4 

VOL Digital Output Low Voltage 4 

VOH Digital Output High Voltage 4 

I LeLK Input Current, ClK SEL 4 

ILPON Input Current, PDN 4 

IL Input Current, All Other Inputs 4 

Icc Vee Supply Current 4 

Iss Vss Supply Current 4 

leep Vee Supply Current, 4 
Powerdown Mode 

Issp Vss Supply Current, 4 
Powerdown Mode 

AC CHARACTERISTICS 

toc Clock Duty Cycle 5 

tSCK SCK On/Off Period 4 

ts SID Data Setup Time 4 

tH SID Data Hold TIme 4 

to SOD Data Delay 4 

tlPW LATI Pulse Width 4 

10PW LATO Pulse Width 4 

45,105 LATI, LATO Setup TIme 4 

4H,1oH LATI, LATa Hold Time 5 

tPLO SOD Parallel load Delay 4 

CONDITIONS 

VIN =5dBm, 1kHz 
Measure 2nd, 3rd, harmonic 
relative to fu ndamental 

VIN - -12dBm, 1 kHz +4B 
C msg weighted 

VIN-O, 
4kHz4t frequency4t 150kHz 

200 mV POP' 1 kHz sine, VIN = 0 
on Vee 
onVss 

100 

VIN-O 

±2.0 

RL =6OOQ ±2.0 

2.0 

IOL -2mA 

IOH--lmA 4.0 

VIN-O 5 

VIN-Vee -5 

VIN-O-Vee 

No output load, VIL -GND, 
VIH=Vee, VIN=O 

No output load, VIL -GND, 
VIH=Vee, VIN=O 

No output load, VIL -GND, 
VIH-Vee 

No output load, VIL -GND, 
VIH=Vee 

40 

250 

50 

50 

0 

50 

50 

50 

50 

0 

-4B 

-SO 

-40 
-40 

±50 

0.8 

0.4 

100 

-100 

±10 

10 

-10 

1.2 

-1.2 

60 

125 

125 

LIMIT 
UNITS 

dB 

dB 

dBm 

dB 
dB 

kQ 

mV 

V 

V 

V 

V 

V 

V 

,..A 

,..A 

,..A 
rnA 

rnA 

rnA 

rnA 

"10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: O°C to +70°C and -40°C to +85°C operating temperature range devices are 100"10 tested with temperature limits guaranteed by 
100"10 testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100"10 production tested. 
Note 5: Parameter guaranteed. Parameters not 100"10 tested are not in outgoing quality level calculation. 
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TIMING PARAMmRS ARE REFERENCED 10 THE 1A VOl]' MIDPOiNt 

Figure 1. Serial Timing Diagram 
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Figure 2. Typical Slope Filter Response- NL/L = 0 
83-BO, H3-HO = 0000, 53-SO = 0000 to 1111. 
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Figure 3. Typical Slope Filter Response - N LI L = 1 
83-80, H3-HO = 0000, S3-SO = 0000 to 1111. 
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Figure 4. Typical Height Filter Response- NLI L = 0 
83-80, 53-SO = 0000; H3-HO = 0000 to 1111. 
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Figure 5. Typical Bandwidth Filter Response- NLIL = 0 
H3-HO = 1111; 53-SO = 0000; 83-80 = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 
The Ml2020 consists of a continuous anti-alias filter, a 60 Hz 
reject high pass filter section, three programmable switched 
capacitor equalization filters, an output smoothing filter, an 
output driver, and a digital section for the serial interface. 

1.1 Anti-Alias Filter 
The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3 dB frequency at 20 kHz 
and 30dB of rejection at 124 kHz. 

1.2 60Hz Rejection Filter 
The 60 Hz section is a highpass switched capacitor filter de­
signed to reject DC offsets and low frequency signals present 
on the input. This filter is a first order section with a typical 
3dB frequency at 135 Hz. 

1.3 Equalization Filters 
The equalizer filters follow the 60 Hz highpass section. These 
programmable filters implement a family of frequency 
response curves intended to compensate for the response of 
telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.3.1 Response of Slope, Height, and Bandwidth 
The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, 53-
SO. These bits alter the slope of the high pass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 

Slope Rei 1 kHz Gain (dB) 
Setting NL/L=l NL/L=O 

0 0.0 Rei 
1 0.4 1.4 

2 0.9 2.6 
3 1.4 3.7 

·4 1.8 4.7 
5 2.3 5.5 

6 2.8 6.3 
7 3.4 7.2 

8 3.7 7.8 
9 4.2 8.4 

10 4.6 9.0 
11 5.0 9.5 

12 5.4 10.0 
13 5.8 10.5 

14 6.2 11.0 
15 6.6 11.4 

HT, BW Bits =0 

There is an additional bit, NUL, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NUl=O. These same response curves are 
shown in Figure 3 with NUl-1. Noticethatthe NUL bit 
adds more droop in the high pass response below 2500 Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-HO. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 

Table 2. Typ. 1 kHz Gain for HT and BW Settings 

Relative 1 kHz Gain (dB) 

HTSetting 

0 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15 

0 Rei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 D- O 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 0 o ,0 0.1 
5 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 

f~ 0 0 0 0 0 0 0 0 0 o 0.1 0.1 0.1 0.1 0.1 0.1 
0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 

~8 0 0 0 0 0 o 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
9 0 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 

10 0 0 0 o 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 
n 0 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.1 

12 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 
13 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.6 1.9 2.3 

14 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 
15 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 

Slope Blts=O 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-BO. This section causes the response of the 3250 Hz 
peak IO be widened, and as a resuit, thIS fIlter controls the 
bandwidth ofthe 3250Hz peaked region. 

1.3.2 Transfer Fundion 
The transfer function for the M12020 is shown below. This 
transfer function is valid for magnitude response only. The 
actual magnitude response from an individual device may 
deviate from the computed response from the transfer func­
tion by typically 0-0.2 dB. 

s = jx256000xtan (nf/128000) 
a - 848.230 

Wo - 20463.77 
fc = 128000 

b,c 
Q 
h 

See Table 3. 
See Table 4. 
See Table 5. 

(slope) 
(bandwidth) 
(height) 
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Table 3. Slope Response Factors (b, c) 
b 

53-0 NLlL=O 

0000 2.371759E+03 
0001 1. 985920E +03 
0010 1.701779E+03 
0011 1.493571E+03 
0100 1.326721 E +03 
0101 1.196668E+03 
0110 , 1.087277E +03 
0111 9. 983588E +02 
1000 9.179889E+02 
1001 8.537864E +02 
1010 7. 966049E +02 
1011 7.478074E+02 
1100 7 .035099E +02 
1101 6.651771E+02 
1110 6.299477E+02 
1111 5.990361E+02 

c 
53-0 NL/L=O 
XXXX 2.371759E+03 

Table 4. Slope Response Factors (b, c) 
B3-O Q 
0000 17.444906 
0001 15.386148 
0010 13.652451 
0011 11.593677 
0100 9.859960 
0101 8.017864 
0110 6.392453 
0111 5.092080 
1000 3.900003 
1001 3.141338 
1010 2.599369 
1011 2.165724 
1100 1.731965 
1101 1.406509 
1110 1.352248 
1111 1.297981 

TableS. Height Response Factors (h) 
Code h 
0000 1.000000 
0001 1.071519 
0010 1.148154 
0011 1.230269 
0100 1.318257 
0101 1.445438 
0110 1.603245 
0111 1.757924 
1000 1.949845 
1001 2.137962 
1010 2.317395 
1011 2.540973 
1100 2.786121 
1101 3.019951 
1110 3.311311 
1111 3.672823 

b 
NLlL=l 
1.116280E+04 
9.345141E+03 
8.007156E+03 
7 .026999E +03 
6.241681E+03 
5.629636E+03 
5.114881E+03 
4.696487E+03 
4.318339E+03 
4.016273E+03 
3. 747249E +03 
3.517676E+03 
3.309279E+03 
3.128945E+03 
2. 963214E +03 
2.817797E+03 

c 
NL/L=l 

1.116280E+04 

Ml2020 

1.4 Smoothing Filter 
The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam· 
pie information generated by the action of the switched ca· 
pacitor filters. This filter provides a continuous analog signal 
at the output, VOUT . 

1.5 Output Buffer 
The final stage in the Ml2020 is the output buffer. This ampli. 
fier has internal gain of 1 and is capable of driving 600Q, 
100pF loads. Thus, it is SUitable for driving telephone hybrids 
directly without any external amplifier. 

1.6 Bypass Mode 
The .f!!ter sections can be bypassed by setting the bypass data 
bit, BP, to O. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1. 7 Filter Clock 
The master clock, ClK, is used to generate the internal clocks 
for the switched capacitor filters. The frMuency of ClK can 
be either 1.544 MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The ClKsEl pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, ClKSEl should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, ClKSEl should 
be set to logic levell, and the internal clock rate is the same 
as the external clock rate. 

1.8 Seriallnterface 
The architecture of the digital section is shown in the preced· 
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges ofthe shift clock, sCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when sCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the fi Iter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 

Note that bit 0 is the first bit of the data word clocked into the 
shift register. 

The device has the capabi lity to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig· 
nal, LAID, is high. The LATO pulse must occur when sCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
sCK. 

The loading and reading of the data word can be done con· 
tinuously or in bursts. Since the shift register and latch 
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circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How­
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 

SCK 

SID 

IATI 

lAID 

SOD 

The clocks used to shift and latch data (SCK, LATI, LAID) are 
not related internally to the master clock and can occur asyn­
chronous to ClK. 

n 

a) LOAD 

SCK 

SID 

IATi 

lAID n 
SOD 

b) READ 

Figure 6. Serial TIming 

NLiL SLOPE BANDWIDTH HEIGHT BYPASS -- ---NL/L 53 52 SI so B3 B2 B1 BO H3 H2 HI HO UP _FUNCTION 

I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 2 I 1 0 1_ BIT NUMBER 

Figure 7. 14-Bit Latch 

POWEROOWN MODE 
A powerdown mode can be selected with pin PON. When 
PON -1, the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, VOUT, to a high impe­
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, CLK, can be 
left active or removed during powerdown mode. When 
PON =0, the device is in normal operation. 

POWER SUPPLIES 
The digital section inside the device is powered between Vee 
and GND, or 5volts. The analog section is powered between 
Vee and Vss, or ±5volts. The analog section uses AGNDas 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than lOOIlY. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vee and Vss to the analog, 
output is greater than - GOdB at 1 kHz, typically. If decou­
piing of the power supplies is still necessary in a system, Vee 
and Vss should be decoupled with respect to AGND. 
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ORDERING INFORMATION 

PART NUMBER 

ML2020CP 
ML2020CS 
ML2020lj 

TEMPERATURE 
RANGE 

O°Cto +70°C 
O°Cto +70°C 
-40°Cto +85°C 

PACKAGE 

MOLDED DIP 
MOLDEDSOIC 
HERMETIC DIP 
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GENERAL DESCRIPTION 
The ML2021 is a monolithic analog line equalizer for 
telephone applications. The ML2021 consists of a 
switched capacitor filter that realizes a family of 
frequency response curves optimized for telephone 
line amplitude equalization while minimizing group 
delay. This ML2021 is the same function as the ML2020 
telephone equalizer without the 60Hz rejection filter. 

The ML2021 consists of a continuous anti-aliasing filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, a 6000 driver, and a 
digital section for the serial interface. 

The equalization filters adjust the slope, height, and 
band-width of the frequency response. The desired 
frequency response is programmed by a digital 14-bit 
serial input data stream. 

The ML2021 is implemented in a double polysilicon 
CMOS technology. 

BLOCK DIAGRAM 

CLKSEl Vee AGND Vss 

I I I 

14 

SID 14-81T SHIFT-REGISTER 

SCK LATO 

ML2021 

Telephone Line Equalizer 

FEATURES 
• Slope, height, and bandwidth adjustable 
• Optimized group delays (500 Hz to 6.4 kHz) 
• On chip anti-alias filter 
• Bypass mode 
• Low supply current 6mA typical from ±5V supplies 
• TTL/CMOS compatible interface 
• Double buffered data latch 
• Selectable master clock 1.544 or 1.536 MHz 
• Synchronous or asynchronous data loading 

capability 
• Compatible with ML2003 and ML2004 logarithmic 

gain/attenuator 
• Standard 16-pin 0.3" center molded or hermetic 

DIP and 18-pin SOIC 
• O°C to +70°C and -40°C to +85°C operating 

temperature range 

PIN CONNEalONS 

VOUT 

SOD 

ML2021 
l6-pin DIP 

ML2021 
l8-pin sOle 

CLKSEl vee 
SID PDN 
NC VOUT 

LATO AGND 
SCK NC 
NC VIN 

SOD NC 
CLK Vss 

GND -..;;...-_--!::..r- LAli 
TOP VIEW 

'Micro Linear 
3-33 

II 



ML2021 

PIN DESCRIPTION 
NAME 

ClKSEl 

SID 

LATO 

SCK 

SOD 

FUNCTION 

Clock select input. This pin selects 
the frequency of the ClK input. If 
ClK is l.S36MHz, set ClKSEl=l. 
If ClK is l.544MHz, set 
ClKSEl = O. Pin has an internal 
pullup resistor to Vee. 

Serial input data. Digital input that 
contains serial data word which 
controls the filter frequency re­
sponse setting. 

Output latch clock. Digital input 
which loads the data word back 
into the shift register from the 
latch. 

Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

Serial output data. Digital output 
of the shift register. 

ClK Master clock input. Digital input 
which generates clocks for the 
switched capacitor fliters. Fre­
quency can be either 1.S44MHz 
or 1.S36MHz. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
Vcc ......................................... +6.5V 
Vss ......................................... -6.5V 
AGNDwithRespecttoGND ..................... ±O.5V 
Analog Input and Output .......... Vss -O.3VtoVcc +O.3V 
Digital Input and Outputs ........ GND -0.3VtoVee +O.3V 
Input Current Per Pm .......................... ± 25 mA 
Power DiSSipation ............................. 750mW 
Storage Temperature Range ............. -65°Cto +150°C 
Lead Temperature (Soldering 10 sec.) ............... 300° C 

NAME 

GND 

LATI 

Vss 
VIN 

AGND 

VOUT 

PDN 

Vee 

FUNCTION 

Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. . 
Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 

Negative supply. -Svolts ±10%. 

Analog input. 

Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 

Analog output. 

Powerdown input. When PDN=l, 
device is in powerdown mode. 
When PDN=O, device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 

Positive supply. Svolts ± 10% 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML2021CP. ML2021CS ....... nO["tn ... 70°C 
ML2021I] ..•......................... -40°C to +85°C 

Supply Voltage 

Vee ·······································4Vto6V 
Vss .................................. -4Vto -6V 
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ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified TA= TMIN to T MAX, Vcc=SV ±10%, Vss= -SV ±10%, Data Word: BP=l, Other Bits=O, CL = lOOp!', 
RL =600Q, dBm measurements use 600Q as reference load, VIN = -7dBm, 1 kHz sinusoid CLK=1.S44MHz ±300Hz and digi­
tal time measured at 1.4 V 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG 
SR Response, Slope Section 4 1 kHz response 

NUL 53 52 51 SO 
-- - - - -a a 0 0 1 1.4±0.1 dB 

0 0 0 1 0 2.6±0.2 dB 
0 0 1 0 a 4.7±0.2 dB 
0 1 0 0 0 7.B±0.2 dB 
0 1 1 1 1 11.4±0.25 dB 
1 0 0 0 0 0±0.1 dB 
1 0 0 0 1 0.4±0.1 dB 
1 0 0 1 0 0.9±0.2 dB 
1 0 1 0 a 1.B±0.2 dB 
1 1 0 0 a 3.7±0.2 dB 
1 1 1 1 1 6.6±0.25 dB 

Referenced to 
0 0 0 0 0 

HR Response, Height Section 4 3250 Hz respoQi.e referenced to 1 kHz 
response with BP= 1, other bits=O 

NUL H3 H2 Hl HO 
-- - - - -

0 0 0 0 0 a ± 0.1 dB 
0 0 a 0 1 0.5 ± 0.2 dB 
0 0 0 1 0 1.1 ± 0.2 dB 
a 0 1 0 a 2.3 ± 0.2 dB 
0 1 0 0 0 5.7 ± 0.3 dB 
0 1 1 1 1 11.1 ± 0.3 dB 

BR Response, Bandwidth 4 NUL B3 B2 Bl BO H3 H2 Hl HO 
Section (Q) -- --------

0 0 0 0 0 1 1 1 1 16.1±2.0 
0 0 0 0 1 1 1 1 1 14.2±1.5 
0 0 0 1 0 1 1 1 1 12.6±1.5 
0 0 1 0 0 1 1 1 1 9.1±1.0 
0 1 0 0 0 1 1 1 1 3.6±0.5 
0 1 1 1 1 1 1 1 1 1.2 ±0.35 

PK BW Peak Frequency 4 H3thru HO=l 3230 3250 3270 Hz 

AG Absolute Gam, Flat 4 .5 to 4kHz -0.1 +0.1 +0.3 dB 
Response 

AGB Absolute Gain, Bypass Mode 4 0.3 to 4kHz, BP-O -0.1 +0.1 +0.3 dB 

ICN Idle Channel Noise 4 VIN=O 3 B dBrnc 

VIN =0, ail data bits = 1 9 dBrnc 

'Micro Linear 
3-35 

• 



ML2021 

ELECTRICAL CHARACTE RISTICS (Continued) 
Unless otherwise specified TA- TMIN to TMAX, Vcc=SV±10%, Vss= -SV±10%, Data Word: BP=l, Other Bits-O,el =l00pF, 
Rl =6002, dBm measurements use 6002 as reference load, VIN - -7dBm, 1 kHz sinusoid CLK-1.S44MHz ±300Hz and digi­
tal time measured at 1.4 V 

SYMBOL PARAMETER 

ANALOG 
HD Harmonic Distortion 4 

SO Signal to Distortion 4 

SFN Single Frequency Noise 5 

PSRR Power Supply Rejection 4 

liN Input Impedance, VIN 4 

Vos Output Offset Voltage 4 

VINR Input Voltage Range 4 

Vosw Output Voltage Swing 4 

DIGITAL AND DC 

VIL Digital Input low Voltage 4 

VIH Digital Input High Voltage 4 

VOL Digital Output low Voltage 4 

VOH Digital Output High Voltage 4 

ILCLK Input Current, ClK SEL 4 

ILPDN Input Current, PDN 4 

IL Input Current, All Other Inputs 4 

Icc Vee Supply Current 4 

Iss Vss Supply Current 4 

leep Vee Supply Current, 4 
Powerdown Mode 

---
Issp Vss Supply Current, 4 

Powerdown Mode 

AC CHARACTERISTICS 
toe Clock Duty Cycle 5 

tseK SCKOn/OffPeriod 4 

ts SID Data Setup Time 4 

tH SID Data Hold Time 4 

tD SOD Data Delay 4 

tlPW LATI Pulse Width 4 

toPW LAID Pulse Width 4 

tlS,toS LATI, LAID Setup TIme 4 

tlH,toH LATI, LAID Hold Time 5 

tpLD SOD Parallel load Delay 4 

CONDITIONS 

VIN =5dBm, 1kHz 
Measure 2nd, 3rd, harmonic 
relative to fundamental 

VIN = - 12 dBm, 1 kHz +48 
C msg weighted 

VIN-O, 
4 kHz"; frequency"; 150kHz 

200 mV POP' 1 kHz sine, VIN = a 
on Vee 
onVss 

100 

VIN-O 

±2.0 

RL -6OOQ ±2.0 

2.0 

IOL =2mA 

IOH=-lmA 4.0 

VIN=O 5 

VIN=Vee -5 

VIN = 0 to Vee 

No output load, VIL =GND, 
VIH-Vee, VIN-O 

No output load, VIL - GND, 
VIH=Vee, VIN=O 

No output load, VIL =GND, 
VIH=VCC 

No output load, VIL - GND, 
VIH-Vee 

40 

250 

50 

50 

a 
50 

50 

50 

50 

a 

-48 

-50 

-40 
-40 

±50 

0.8 

0.4 

100 

-100 

±10 

10 

-10 

1.2 

-1.2 

60 

125 

125 

LIMIT 
UNITS 

dB 

dB 

dBm 

dB 
dB 

kQ 

mV 

V 

V 

V 

V 

V 

V 

,.A 

,.A 

,.A 

mA 

mA 

mA 

mA 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: O°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgOing quality level calculation. 
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TIMING PARAME1EIIS ARE REfERENCED 10 THE lA vmr MIDPOINt: 

Figure 1. Serial Timing Diagram 
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Figure 2. Typical Slope Filter Response - NLI L = 0 
B3-80, H3-HO. 0000, S3-SO = 0000 to 1111. 
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Figure 3. Typical Slope Filter Response- NLI L = 1 
B3-80, H3-HO = 0000, 53-SO = 0000 10 1111. 
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Figure 4. Typical Height Filter Response- NLI L = 0 
83-80. 53-SO = 0000: H3-HO = 0000 10 1111. 
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FigureS. Typical Bandwidth Filter Response-NLlL=O 
H3-HO = 1111; 53-SO = 0000; 83-80 = 0000 10 1111. 
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1.0 FUNCTIONAL DESCRIPTION 
The Ml2021 consists of a continuous anti-alias filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, an output driver, and 
a digital section for the serial interface. 

1.1 ANTI-AliAS FIIJER 
The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3 dB frequency at 20 kHz 
and 30dB of rejection at 124kHz. 

1.2 EQUALIZATION FIIJERS 
The programmable filters implement a family of 
frequency response curves intended to compensate for 
the response of telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.2.1 RESPONSE OF SLOPE, HEIGH"!; AND 
BANDWIDTH 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, 53-
SO. These bits alter the slope of the highpass response under 
1000Hz, and asa result, the absolute gain above 1000Hz will 
be unique for each setting: Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 

Slope ReI 1kHz Gain (dB) 

Setting NL/L=l NL/L=O 

0 0.0 Rei 
1 0.4 1.4 
2 0.9 2.6 
3 1.4 3.7 
4 1.8 4.7 
5 2.3 5.5 
6 2.8 6.3 
7 3.4 7.2 
8 3.7 7.8 
9 4.2 8.4 

10 4.6 9.0 
11 5.0 9.5 
12 5.4 10.0 
13 5.8 10.5 
14 6.2 11.0 
15 6.6 11.4 

HT, BW Bits-O 

ML2021 

There is an additional bit, NUL, that also affects the high pass 
response of the slope filter. The slope response curves in 
Figure 2 are with NUL = o. These same response curves are 
shown in Figure 3 with NUL = 1. Notice thatthe NUL bit 
adds more droop in the high pass response below 2500 Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-HO. 
This section creates a peak in the response at 3250Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 

Table 2. Typ. 1 kHz Gain for HT and 8W Settings 

RI!Iative 1 kHz Gain (dB) 

HTSetting 

0 1 2 3 4 5 6 7 S 9 10 n 12 13 14 15 

0 Rei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0.1 
5 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 

f~ 0 0 0 0 0 0 0 0 0 o 0.1 0.1 0.1 0.1 0.1 0.1 
0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 

iSs 0 0 0 0 0 o 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
9 0 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 
10 0 0 0 o 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 
11 0 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.1 
12 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 
13 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.6 1.9 2.3 
14 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 
15 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 

Slope Bits-O 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-BO. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250Hz peaked region. 

1.2.2 TRANSFER FUNCTION 
The transfer function for the M12021 is shown below. 
This transfer function is valid for magnitude response 
only. The actual magnitude response from an individual 
device may deviate from the computed response from 
the transfer function by typically O-O.2dB. 

H (5) = c_(_s _+ _b) X [52 + h (wo/Q) 5 + w02] X .... Cs:::.in:..o:(nf::::/..;..:fc",,)] 
b (5 + c) [;2 + (wo/Q) 5 + 0002] (nf/fc) 

s = j x 256000 xtan (nf/128ooo) 
000 - 20463.77 
fc - 128000 

b,c See Table 3. 
Q See Table 4. 
h See Table 5. 

(slope) 
(bandwidth) 
(height) 
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Table 3. Slope Response Factors (b, c) 
b 

S3-0 NLlL=O 

0000 2.371759E +03 
0001 1. 985920E +03 
0010 1. 701779E +03 
0011 1.493571E+03 
0100 1.326721E+03 
0101 1.196668E+03 
0110 1.087277E +03 
0111 9.983588E+02 
1000 9.179889E+02 
1001 8.537864E +02 
1010 7. 966049E +02 
1011 7.478074E +02 
1100 7.035099E+02 
1101 6.651771E +02 
1110 6.299477E+02 
1111 5.990361E+02 

c 
S3-O NL/L=O 

XXXX 2.371759E+03 

Table 4. Slope Response Factors (b, c) 
B3-0 Q 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

TableS. 
Code 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

3-40 

17.444906 
15.386148 
13.652451 
11.593677 

9.859960 
8.017864 
6.392453 
5.092080 
3.900003 
3.141338 
2.599369 
2.165724 
1.731965 
1.406509 
1.352248 
1.297981 

Height Response Factors (h) 
h 

1.000000 
1.071519 
1.148154 
1.230269 
1.318257 
1.445438 
1.603245 
1.757924 
1.949845 
2.137962 
2.317395 
2.540973 
2.786121 
3.019951 
3.311311 
3.672823 

b 
NLlL=l 

1.116280E +04 
9.345141E+03. 
8.007156E+03 
7.026999E +03 
6.241681E +03 
5.629636E +03 
5.114881E+03 
4.696487E +03 
4.318339E +03 
4.016273E +03 
3.747249E +03 
3.517676E +03 
3.309279E +03 
3.128945E +03 
2.963214E +03 
2.817797E+03 

c 
NLlL=l 

1. 116280E +04 

1.2.3 GROUP DELAY 

The difference between the ML2020 and ML2021 is the 
elimination of a 60Hz highpass filter in order to 
eliminate positive group delay at low frequency. 

The group delay through the ML2021 can be minimized 
such that less than SOilS of group delay can be 
achieved in both unloaded and cable loaded conditions 
relative to 1804Hz in the frequency range of 504 to 
3004Hz. Minimum group delays are dependent upon 
using the proper setting for slope, height, and 
bandwidth for a give equalization requirement. 

1.3 SMOOTHING FIlTER 
The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam­
ple information generated by the action of the switched ca­
pacitor filters. This filter provides a continuous analog signal 
at the output, VOUT . 

1.4 OUTPUT BUFFER 
The final stage in the ML2020 is the output buffer. This ampli­
fier has internal gain of 1 and is capable of driving 600Q, 
100pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 

1.5 BYPASS MODE 
The .illter sections can be bypassed by setting the bypass data 
bit, BP, to O. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.6 FIlTER CLOCK 

The master clock, CLK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of ClK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The ClKSEl pin enables a bit 
5\vallo'vver circuit to keep the internal dock frequency set to 
1.536MHz. When 1.544MHz clock is used, ClKSELshould 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, ClKSEl should 
be set to logic levell, and the internal clock rate is the same 
as the external clock rate. 

1.7 SERIAL INTERFACE 
The architecture of the digital section is shown in the preced­
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, lATI, is high. 
The lATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 
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Note that bit 0 is the first bit of the data word clocked into the 
shift register. 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig­
nal, lATO, is high. The lATO pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 

Circuitry inside the deVice IS static, there are no minimum 
frequency requirements on the clocks or data pulses. How­
ever, there IS some coupling of the digital signals Into the 
analog section. If this coupling is undesirable, the data can be 
clocked In bursts dUring non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 

The loading and reading of the data word can be done con­
tinuously or in bursts. Since the shift register and latch 

The clocks used to shift and latch data (SCK, lATI, lATO) are 
not related Internally to the master clock and can occur asyn­
chronous to ClK. 

SCK 

SID 

~I n __________________________________________________ ~ L ______ _ 

~TO-----------------------------------------------------------------------------

SOD 

a) LOAD 

SCK 

SIO 

~TI------------------------------------------------------------------------------

~TO n 
--------~ ~--------------------------------------------------------------------

SOD 

b) READ 

Figure 6. Serial Timing 

NLiL SlOPE BANDWIDTH HEIGHT BYPASS 

~------------------.~------~---------~------~~~------~ 
NL/L S3 S2 SI SO B3 B2 Bl BO H3 H2 HI HO BP - FUNCTION 

..,...1_3---, __ 1_2 ......L1 __ ll __ ,--_10---,1,--9 __ .J.I __ B __ .L.1 __ 7---,1 __ 6 __ .J.1 __ 5 __ .L.1 __ 4--J1'--3 __ ...L..._2 __ .L.I __ --JI'--0----lI- BIT NUMBER 

Figure 7. 14-Bit Latch 
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1.8 POWERDOWN MODE 

A powerdown mode can be selected with pin PDN. When 
PDN ~ 1, the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, VOUT, to a high impe­
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, elK, can be 
left active or removed during powerdown mode. When 
PDN ~O, the device is in normal operation. 

2.0 APPLICATIONS 
M12004 

1.9 POWER SUPPLIES 

The digital section inside the device is powered between Vee 
and GND, or 5 volts. The analog section is powered between 
Vee and Vss, or ± 5 volts. The analog section uses AGND as 
the reference poi nt. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than lOOllV. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vee and Vss to the analog 
output is greater than - 60dB at 1 kHz, typically. If decou­
piing of the power supplies is still necessary in a system, Vee 
and Vss should be decoupled with respect to AGND. 

LOG GAIN/ATTEN 
MU021 

EQUALIZER 

3-42 

/V\._ Y,N VOUT r--- V,N VOUT t--JV\ 

Q 
,. 

~ Q 
,. 

~ <;; ~ <;; ~ 

J I 
r-

j.tI' 
1---. 

Figure 8. Typical Serial Interface 
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Figure 9. Controlling Multiple Ml2021 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 

PART NUMBER 

Ml2021CP 
Ml2021CS 
Ml2021I] 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70° 
-40°C to +85°C 

PACKAGE 

MOLDED DIP 
MOLDED SOIC 
HERMETIC DIP 

'Micro Linear 
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GENERAL DESCRIPTION 
The Ml2031 and Ml2032 are monolithic tone detectors 
intended for telecommunication applications utilizing 4-
wire loopback capability. The device meets or exceeds 
the 4-wire Maintenance Terminating Unit (MTU) 
requirements outlined in BEll PUB 43004. 

These devices incorporate a 2713 Hz tone detector, clock 
oscillator, and uncommitted op amp in an 8-pin DIP. No 
external components are required. 

The ML2031 or Ml2032 can be used to detect frequencies of 
1004 Hz or 2600 Hz, as the tone detector frequency template 
from 1000 Hz to 4000 Hz is proportional to the frequency of 
the external clock. 

The Ml2031 has two clock outputs. ClKOUT1 is one half the 
frequency of ClKIN, while ClKoUT2 is one eighth of the 
frequency of ClKIN. The ML2032 has an uncommitted op 
amp instead of the clock outputs. 

The Ml2031 and ML2032 are implemented in a double 
polysilicon CMOS technology. 

BLOCK DIAGRAMS 
ML2031 

ClKouyl CLKouT2 

ML2031,ML2032 
Tone Detector 

FEATURES 
• Meets or exceeds BELL PUB 43004 requirements 
• Extended dynamic range detect - 34dBm to +6dBm 

no detect ~ -40dBm 
• Frequency template (fClK IN = 12MHz) 

detect 2713 ± 10Hz 
no detect 2713 ± 36Hz 

• General purpose tone detect range of 1000Hz to 
4000Hz 

• Signal-ta-guard ratio BdBto 13dB 
• No external components required 
• Continuous anti-alias filter 
• 60Hz reject filter 
• ±5Vsupplies 
• Clock input 12.352MHz,l.544MHz, 

or a 12.352 MHz crystal 
• ML2031 has clock outputs of l.544MHz and 

6.176MHz 
• Tone detection of 1000 Hz to 4000 Hz proportional 

to external clock 
• ML2032 has uncommitted op amp 
• B-pin dual-in-line package 

ML2032 
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PIN CONNECTIONS 

ML2031 ML2032 

vssD8 V,N+ 
CLKour1 2 7 Vee 

CLKour2 3 6 GNO 

lOEl 4 5 CLK'N 

VIN+D8 Vour 
V,N - 2 7 Vee 

Vss 3 6 GNO 

lDEl 4 5 CLK'N 

lOP VIEW TOP VIEW 

PIN DESCRIPTIONS -ML2031 ML2032 
PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION 

1 Vss Negative supply. - 5 V ± 10% VIN+ Positive Analog input. Positive 
2 ClKoUT1 Clock output. Digital output from input to the uncommitted op amp. 

oscillator divided by 2. 2 VIN- Negative Analog input. Negative 
3 ClKoUT2 Clock output. Digital output from input to the uncommitted op amp. 

oscillator divided by 8. 3 Vss Negative supply. - 5 V ± 10% 
4 TDET Tone detect output. Digital output 4 TDET Tone detect output. Digital output 

which indicates when valid which indicates when valid 
2713 Hz tone is present on analog 2713 Hz tone is present on analog 
input. input. 

5 ClKIN Clock input. Internal clock can be 5 ClKIN Clock input. Internal clock can be 
generated by tying a 12.352MHz generated by tying a 12.352 MHz 
crystal between this pin and GND, crystal between this pin and GND, 
or by applying a 12.352 MHz or or by applying a 12.352 MHz or 
1.544MHz clock tothis pin. l.544MHzclocktothis pin. 

6 GND Ground. Analog and digital inputs 6 GND Ground. Analog and digital inputs 
and outputs are referenced to this and outputs are referenced to this 
point. point. 

7 Vee Positive su pply. +5 V ± 10% 7 Vee Positive supply. +5 V ± 10% 
8 VIN+ Analog input. 8 VOUT Analog output. Output of the 

uncommitted op amp. 
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Ml2031, Ml2032 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage Temperature Range (Note 2) 
Vcc ......................................... +6.5V ML2031Cp,ML2032CP .................... OCCto +70°C 
Vss ......................................... -6.5V ML20311j, ML20321j .................... -40CCto +85°C 
AnaloglnputandOutput .......... Vss -0.3VtoVcc +O.3V Supply Voltage 
Digital Input and Outputs ............. -O.3VtoVcc +O.3V Vcc ....................................... 4Vto 6V 
Input Current Per Pin .......................... ± 25 mA Vss .................................... -4Vto -6V 
Power Dissipation ............................. 750mW 
Storage Temperature Range ............. - 65° C to +150° C 
Lead Temperature (Soldering 10 sec.) ................ 300° C 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified TA= TMIN to TMAX, Vcc=SV±lO%, Vss= -SV±10%, ClKIN=12.352MHz±1200Hz, or 
ClKIN =l.S44MHz ±150Hz, CL = 100pF, dBm measurements use 600Q as reference load, uncommitted op amp in unity gain 
configuration. 

SYMBOL PARAMETER CONDITIONS UNITS 

TONE DETECT 

flO Tone Detection Frequency 4 Y,N ~ +6dBm to -34dBm 2703 2723 Hz 

fTR Tone Rejection Frequency 4 2679 2747 Hz 

Am Tone Detection Amplitude 4 Y,N ~ 2703 Hz to 2723 Hz -34 +6 dBm 

An Tone Rejection Amplitude 4 -40 dBm 

SGM Signal to Guard Margin 4 800 Hz 8 13 dB 
1400 Hz 8 13 dB 
2000 Hz 8 13 dB 
2450 Hz 8 13 dB 
Signal ~ -13 dBm, 2713 Hz. 
See BELL PUB 43004 sec. 2.4 
for test method 

SFI SF Tone Immunity 5 Y,N + ~ 2600 Hz +6 dBm 
No tone detect 

tTD Tone Detect Delay 4 V,N+ ~ -8dBm, 2713 Hz 0 10 30 ms 
Figure 1 

tTR Tone Removal Delay 4 V,N+ ~ -8dBm, 2713 Hz 0 4 30 ms 
Figure 1 

OPAMP 

V1NR Input Voltage Range 5 ±3 V 

Vasw Output Voltage Swing 4 ML2032 Only ±3 V 

Vas Input Offset Voltage 4 ML2032 Only ±20 mV 

Z,N Input Impedance 4 1 MO 

AVOl DC Open loop Gain 4 1k Sk VIV 

fUG Unity Gain Frequency 5 0.5 1 MHz 

ICN Noise- S C msg weighted -9 -3 dBrnc 
Input Referred 1kHz 375 nv/v'HZ 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = TMIN to TMAX, Vcc=5V ±10%, Vss= -5V ±10%, ClKIN = 12.352MHz ±1200Hz, or 
ClKIN = 1.544MHz ± 150Hz, CL = 100pF, dBm measurements use 600Q as reference load, uncommitted op amp in unity gain 
configuration. 

SYMBOL PARAMETER CONDITIONS UNITS 

DIGITAL AND DC 

V,L Input low Voltage, ClK'N 4 1.5 V 

V,H Input High Voltage, CLK'N 4 3.5 V 

liN Input Current, CLK'N 4 CLK'N ~ 1.5V to 3.5V 10 60 /lA 

ClK'N ~ 0 to 1.5V; 3.5V to Vcc 150 500 /lA 

C'N Input Capacitance, CLK'N 5 11 pF 

VOL Output Low Voltage 4 IOL ~ -2mA 0.4 V 

VOH Output High Voltage 4 IOH ~ 2mA 4.0 V 

Icc Vcc Supply Current 4 No output load Z5 mA 

Iss Vss Supply Current 4 No output load -4.5 mA 

CLOCK OUTPUT 

fCLKl CLKoUT 1 Output Frequency 4 Figure 2 '/2 1J, fCLKl 

fCLK2 CLKOUT2 Output Frequency 4 Figure 2 Va Va fCLKl 

tlR CLKOUT 1 Output Rise Time 4 Figure 2, CL ~ 50pF 0 20 ns 

tlF ClKoUT 1 Output Fall Time 4 Figure 2, CL ~ 50pF 0 20 ns 

t2R CLKOUT2 Output Rise Time 4 Figure 2, CL ~ 50pF 0 20 ns 

t2F CLKoUT2 Output Fall Time 4 Figure 2, CL ~ 50pF 0 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: O°C to +700 ( and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING DIAGRAMS 

1 
i-

I 

~~~ ~~~ 
1 lr----------------~I--~~ 

TDET 

trD MEASURED fROM V,N + ZERO CROSSING TO 1.4 V MIDPOINT ON TDET 
tr. MEASURED fROM 1.4 V MIDPOINT ON TDET TO ZERO CROSSING ON V,N + 

Figure 1. Tone Detect Timing 
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IlF, I1R, 12F, 12. MEASURED BETWEEN 0.8 and 2.0VOLT TRANSITION POINTS 
ALL OTHER PARAMETERS REfERRED TO 1.4 V MIDPOINT 

Figure 2. Digital Clock Output Timing 
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Figure 3. ClKIN Input Current vs. Input Voltage 
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1.0 FUNCTIONAL DESCRIPTION 
The ML2031 has a divide by 2 and divide by 8 clock output to 
drive external devices.The Ml2032 has an uncommitted op 
amp. Refer to the block diagram. 

1.1 Uncommitted Op Amp 
The ML2032 features an uncommitted op amp. The ML2031 
has the op amp connected in the unity gain configuration 
(YIN - internally tied to VOUT). 

The uncommitted op amp is a general purpose amplifier that 
can be used to interface the device with the analog tele­
phone line. It has a high impedance input, a 0.5MHz unity 
gain bandwidth, will drive a 1 k, 100 pF load, and the input 
and output can swing within 1.5 V of the supplies. 

1.2 Anti-Alias Filter 
The anti-alias filter is a continuous second order low pass 
designed to prevent high frequency signals at the input from 
being aliased into the passband by the sampling action of the 
switched capacitor filters. The typical 3 dB corner frequency 
is 25 kHz and the typical rejection at 124 kHz is - 30dB. 

1.3 60 Hz Reject Filter 
The 60 Hz reject filter is a switched. capacitor second order 
high pass designed to reject 60 Hz line interference on the 
analog input. The typical 3 dB corner frequency is 300 Hz 
and the typical rejection at 60 Hz is - 24dB. 

1.4 Tone Detector 
The tone detector is a monolithic block designed to indicate 
when a valid 2713 Hz tone is present on the analog input. A 
tone is valid if the following criteria are met: . 

1. 2713 Hz tone satisfies amplitude vs. frequency tone 
detector template shown in Figure 4. 

2. The non-2713 Hz out of band energy present on the 
input is sufficiently small enough compared to the 
2713 Hz tone (signal to guard margin). 

The tone detector consists of 2713 Hz bandpass and notch 
filters, tone and guard peak detectors, tone and guard 
comparators, reference, and digital output buffer. 

The analog signal first goes through the 2713 Hz bandpass 
and notch switched capacitor filters. The bandpass filter 
outputs any 2713 Hz signal (tone), and the notch filter outputs 
any non-2713 Hz signals (guard) in the range of 300-4500 Hz, 
respectively. 

2679 2747 

I 
2676 

+6-0, 

t -5-

dr -24-

I 
2750: 

~8ELLPU8 
~43004 

~MI2031, 
aML2032 

Figure 4. Tone Detector Template 

ML2031, ML2032 

The tone and guard signals then go to peak detectors which 
output a DC voltage proportional to the 2713 Hz and non-
2713 Hz energy present on the analog input. 

The tone comparator compares the tone energy to a fixed 
reference value to determine if it meets the amplitude 
requirements for tone detection shown in Figure 4. 

The guard comparator compares the tone energy to the 
guard energy to determine if the signal to guard margin is 
met. 

If both comparators indicate that a 2713 Hz tone and no out 
of band energy exists, the TDET output goes high indicating 
valid tone detection. If the signal comparator indicates insuffi­
cient signal energy or the guard comparator indicates too 
much out of band energy, then the TDET output stays low 
indicating invalid tone output. 

1.5 Crystal Oscillator I Clock Generator 
The crystal oscillator I clock generator generates the necessary 
internal clocks from either an external clock or an external 
crystal. 

If an external clock input is used to drive CLKIN, the input 
frequency can either be 12.352MHz or 1.544MHz in order to 
meet the frequency template. The device has an internal 
frequency sense circuit that can sense the difference between 
12.352MHz and 1.544MHz and makes the nece!jsary • 
changes in the clock generator to accomodate either 
frequency at the input. 

If a crystal is used, a 12.352 MHz crystal must be connected 
between CLKIN and GND. This unique 1-pin crystal oscillator 
dpes not generally require any external capacitors or other 
external components to meet the frequency template. The 
crystal should be physically placed as close as possible to the 
CLKIN pin to minimize stray inductances and capacitances. 

The crystal must have the following characteristics: 

1. Parallel resonanttype 

2. Frequency: 12.352000MHz 

3. Tolerance: ±0.005%@25°C 

4. Less than 0.005% variation over desired temperature 
range 

5. Maximum equivalent series resistance of 15 Q at a drive 
level of 11lW to 200llW 

6. Maximum equivalent series resistance of 30Q at drive 
leveisofl0nWto 11lW 

7. Typical load capacitance: 18pF 

8. Maximum case capacitance: 5 pF 

The frequency of oscillation will be a function of the crystal 
parameters and board capacitance. If the final oscillation 
frequency is different than the ideal 12.352 MHz, the tem­
plate frequencies will change according to the formulas out­
lined in section 1.6. If the crystal meets the above 
recommended parameters and typical PC board capacitance 
from CLKIN to GND is 2 pF, then the device will meet the 
template specifications. Crystals that meet these require­
ments are M-tron 3709-01012.352 for O°C to +70°C and 
3709-02012.352 for -40°C to +85°C operation. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

The Ml2031 has two clock outputs that can be used to drive 
other external devices. The ClKoUT 1 output is a buffered 
output from the oscillator divided by 2. The CLKoUT 2 output 
is a buffered output from the oscillator divided by 8. If a 
12.352MHz clock or crystal is used, CLKouT1 =6.176MHz 
and ClKoUT2 = 1.544MHz. 

1.6 Detecting Tones from 1000 Hz to 4000 Hz 

The tone detector frequency template shown in Figure 5 is 
proportional to the frequency of ClKIN. Thus, the device can 
be set to a center frequency (other than 2713 Hz) by adjusting 
ClKIN frequency. 

The external clock frequency, fClKIN, needed to produce a 
given center frequency, can be calculated by: 

fClKIN =fex4552.893 

once fClKIN has been determined, the other template fre­
quency points shown in Figure 5 can be calculated by: 

fOL -fClKINX2.18831 X10-4 

fou -fClKIN x2.20450x10-4 

fRL =fClKINX2.16888xlO-4 

fRU -fClKIN x 2.22393 X 10-4 

The above formulas are valid for center frequencies with the 
range of 1000 Hz to 4000 Hz. The internal divide by 8 cir­
cuitry may be bypassed by applying a clock that is one eighth 
of the above calculated values. 

When the required ClKIN frequency calculated above is less 
than 6MHz, the internal frequency sense circuit may be-

2.0 APPLICATIONS 

ML2031 
ML2032 
TONE 

DETECTOR 

ML2003 
ML2004 
ML2008 
ML2009 

ATTENUATION 
iGAIN 

come enabled causing the detection of an erroneous center 
frequency. In this case, the divide by 8 function cannot be 
used and only the lower clock frequency may be used. For 
example, for a 1004 Hz tone detector, the clock frequency 
applied must be 571 kHz. 

1.7 Power Supplies 
The analog circuits in the device run from +5 to - 5 (Vee to 
Vss) and are referenced to GND. 

The digital circuits in the device run from +5 to 0 (Vee to 
GND). 

It is recommended that the power supplies to the device be 
bypassed by placing decoupling capacitors from Vee to GND 
and Vss to GND as physically close to the device as possible. 

dBm 

1 

--...... Hz 

fOl fc foo 

+6- ~ 
Detect 
Region 

-34 ~ 

Figure 5. Tone Detector Template 

ML2020 
LINE 

EQUALIZER 

LOOPBACK 
RELAY 

No Detect 
Region 

Figure 6. 4-Wire Termination Equipment 
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ORDERING INFORMATION 

PART NUMBER 

ML2D311j 
ML2031CP 
ML20321j 
ML2D32CP 

PACKAGE 

Hermetic DIP 
Molded DIP 

Hermetic DIP 
Molded DIP 

'Micro Linear 

ML2031, ML2032 

TEMPERATURE 
RANGE 

-40°C to +85°C 
DOC to +7DoC 

-40°C to +85°C 
DOC to +7DoC 
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PRELIMINARY 

ML2035, ML2036 

Programmable Sinewave Generator 

GENERAL DESCRIPTION 
The frequency of these monolithic sinewave generators 
is programmable for the ML2035 from DC to 25kHz 
and for the ML2036 from DC to 50kHz. No external 
components are required. 

The frequency of the sinewave output is derived from 
either an external crystal or clock input, thus providing 
a stable and accurate frequency reference. The 
frequency is programmed by a 16-bit serial data word. 

The ML2035 is packaged in an 8-pin DIP and has a 
VOUT amplitude of ±Vccl2. 

The ML2036 provides for a VOUT amplitude of either 
±VREF or ±VREFI2. Also included with the ML2036 is an 
inhibit input which allows the sinewave output to be 
held at zero volts after completing the last half cycle of 
the sinewave preventing steps in voltage. Two pins of 
the ML2036 are clock outputs designed to drive other 
devices with one half or one eighth of the clock input 
frequency. 

The ML2035 and ML2036 are intended for 
telecommunications and modem applications that need 
low cost and accurate generation of precise test tones, 
call progress tones, and signaling tones. 

BLOCK DIAGRAMS 
ML2035 

lATI 

SID 

SCK 

5K 5K 

VOUT 

~GND 

~vss 

FEATURES 
• Programmable frequency DC to 50kHz 
• Frequency resolution with 

fCLKIN = 12MHz (±.75 Hz) 1.sHz 
• Absolute gain error ±.1dB max 
• Harmonic distortion -45dB max 
• Output voltage amplitude of ±VREF or ±VREF/2 
• On chip crystal oscillator 3 to 12MHz 
• ML2036 has clock outputs of 1/2 or 1/8 of the 

input clock frequency 
• No external components required 
• pP compatible serial interface 
• Double buffered data latch 
• Synchronous or asynchronous data loading 

capability 
• Power dissipation 50mW max from ±5V supplies 
• Compatible with ML2031 and ML2032 tone 

detector, and ML2004 logarithmic gain/attenuator 
• TIL/CMOS compatible inputs 
• ML2035 package 8-pin DIP; ML2036 14-pin DIP or 

16-pin SOIC 
• O°C to +70°C or -40°C to +85°C operating 

temperature range 

ML2036 

SCK PON-INH 
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PIN CONNECTIONS 

Ml2035 
8·Pin DIP 

SCK 2 7 GND 
vssDa ClK'N 

SID 3 6 VOUy 

lATI 4 5 Vee 

NC 
Vss 

PON·INH 

ClKouyl 

CLKouy2 

SCK 

SID 
IAJI 

TOP VIEW 

Ml2036 
14·Pin DIP 

Ml2036 
16·Pin SOIC 

TOP VIEW 

ClK'N 
GAIN 

NC 

DGND 

AGND 

VOUT 

VREF 

Vee 

ML2035, ML2036 

PIN DESCRIPTIONS 
Ml2035 

PIN 
NO. 

2 

3 

4 

5 
6 
7 

8 

Ml2036 

PIN NO. 

NAME 

Vss 
SCK 

SID 

LATI 

Vcc 
Your 
GND 

ClKIN 

FUNalON 

Negative supply. -5V ± 10%. 
Serial clock. Digital input which clocks 
in serial data on rising edges. 
Serial data. Serial input data which 
programs the frequency of Your. 
Serial latch. Digital input which latches 
serial data into the internal data latch 
on falling edges. 
Positive supply. +5V ± 10%. 
Analog output. Your swing is ±Vcd2. 
Ground. 0 volts. All inputs and outputs 
referenced to this point. 
Clock input. Internal clock can be 
generated by tying a 3 to 12MHz crystal 
from this pin to GND or applying a 
clock directly to the pin. 

DIP SOIC NAME FUNalON 

2 
2 3 

3 4 

4 5 

5 6 

6 7 

7 8 

8 9 

9 10 

10 11 
11 12 

12 13 

13 15 

14 16 

Vss Negative supply. -5V ± 10%. 
PDN-INH Three level input. Controls inhibit 

mode and power down mode. Current 
source pull up to Vcc. 

ClKourl Clock output. Digital output from 
internal clock generator that can drive 
other devices. fClKOUTl = fClKIN/2' 

ClKoUT2 Clock output. Digital output from 
internal clock generator that can drive 
other devices. fClKOUT2 = fClKIN/8' 

SCK Serial clock. Digital input which clocks 
in serial data on rising edges. 

SID Serial data. Serial input data which 
programs the frequency of Your. 

LATI Serial latch. Digital input which latches 
serial data into the internal data latch 
on falling edges. 

Vcc Positive supply. +5V ± 10%. 

VREF Reference input. The voltage on this 
pin determines the peak·peak swing on 
Your. VREF can be tied to Vcc. 

Your Analog output. 
AGND Analog ground. 0 volts. Analog inputs 

and outputs referenced to this point. 
DGND Digital ground. 0 volts. Digital inputs 

and outputs referenced to this point. 
GAIN Sets Your peak amplitude to VREF or 

VREF/2. Current source pull down to 
DGND. 

ClKIN Clock input. Internal clock can be 
generated by tying a 3 to 12MHz crystal 
from this pin to DGND or applying a 
clock directly to the pin. 

'Micro Linear 
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ABSOLUTE MAXIMUM RATINGS lead Temperature (Soldering 10 sec) 
(Note 1) Dual-In-Line Package (Molded) ...................... 260°C 

Supply Voltage 
Dual-In-Line Package (Ceramic) ..................... 300°C 
Molded Small Outline IC Package 

vee ................................................. +6.5V 
Vss .................................................. -6.5V 

Vapor Phase (60 sec) .............................. 215°C 
Infrared (15 sec) ................................... 220°C 

Analog Input and Output ........ Vss - 0.3V to Vee + O.3V 
AGND Voltage ................................. Vss to Vee OPERATING CONDITIONS 
Digital Inputs and Outputs ............ -O.3V to Vee + O.3V 
Input Current per Pin ............................. ±25mA Temperature Range (Note 2) 
Power Dissipation ................................. 750mW Ml2035Cp, Ml2036Cp, Ml2036CS ............. O°C to +70°C 
Storage Temperature Range .............. -65°C to +150°C Ml20351J, Ml20361) ........................ -40°C to +85°C 

ML2035 ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = TMIN to TMAXt Vee = 5V ± 10%, Vss = -5V ± 10%, ClKIN = 12.352MHz, VOUT load 
Cl = 100pF and Rl = 1k, all digital timing measured at 1.4V midpoint, and input control signals from 10% to 90% of 
Vee with tR = tF = 20ns. 

SYMBOL PARAMETER CONDITIONS UNITS 

Sinewave Generator 

HD Harmonic Distortion 4 2nd or 3rd fOUT = 20Hz to 10kHz -45 dB 
Harmonic 
Relative to 

fOUT = 10kHz to 25kHz -40 dB Fundamental 

SND Signal to Noise + 4 200Hz :S fOUT :S 3400Hz, noise -45 dB 
Distortion measured 200Hz to 4kHz 

20Hz :S fOUT :S 25kHz, noise -40 dB 
measured 20Hz to 75kHz 

ICN Output Idle Channel Noise 4 Power Down Mode, Cmsg weighted -20 0 dBrnc 

Power Down Mode, 1kHz 50 nV/y'Hz 

PSRR Power Supply Rejection 5 200mVp_p, 0-10kHz sine, I Vee -40 dB 
Ratio measured on VOUT 

IVss -40 dB 

Vas VOUT Offset Voltage 4 ±75 mV 

VPK VOUT Peak Voltage ±Vecl2 V 

VCN VOUT Gain Error 4 Relative I fOUT = 20Hz to 10kHz ±.1 dB 
to Vee I fOUT = 10kHz to 25kHz ±.3 dB 

.. 
DIgital and DC 

VIlJClK Input low Voltage, ClK,N 4 1.5 V 

VIH,ClK Input High Voltage, ClKIN 4 3.5 V 

IIN,CLK Input Current, ClKIN 4 elKIN = 1.5V to 3.5V 10 60 jiA 

ClKIN = 0 to 1.5V; 3.5V to Vee 250 pA 

CIN,ClK Input Capacitance, CLKIN 5 12 pF 

Vil Input low Voltage 4 .8 V 

VIH Input High Voltage 4 2.0 V 

III Input low Current 4 VIN = OV -1 pA 

IIH Input High Current 4 VIN = Vee 1 pA 

CIN Digital Input Capacitance 5 pF 

VOl Output low Voltage 4 10l = -2mA 0.4 V 

VOH Output High Voltage 4 IOH = 2mA 4.0 V 
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ML2035 ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJ(, Vee = 5V ± 10%, Vss = -SV ± 10%, ClKIN = 12.3S2MHz, VOUT load 
CL = 100pF and RL = 1k, all digital timing measured at 1.4V midpoint, and input control signals from 10% to 90% of 
Vee with tR = tF = 20ns. 

SYMBOL PARAMETER CONDITIONS UNITS 

Digital and DC (Continued) 

Icc vcc Supply Current 4 No output load, Vcc = 5.5V 5.5 mA 

Iss Vss Supply Current 4 No output load, V 55 = -5.5V, -3.5 mA 
Vcc = 5.5V 

IcCi Vcc Supply Current, Power 4 No Output Load, Power Down Mode 2.0 mA 
Down Mode 

1551 Vss Supply Current, Power 4 No Output Load, Power Down Mode -100 Jl.A 
Down Mode 

Digital Timing 

tCKI CLKIN On/Off Period 4 tR = tF = 10ns, 2.5V midpoint 30 ns 

tSCK SCK On/Off Period 4 100 ns 

tDS SID DATA Setup Time 4 50 ns 

tDH SID DATA Hold Time 4 50 ns 

tLPW LATI Pulse Width 4 50 ns 

tLH LATI Hold Time 4 50 ns 

tLS LATI Setup Time 5 50 ns 
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ML2035; ML2036 

ML2036 ELEORICAL CHARAOERISTICS 
Unless otherwise specified, TA = TMIN to TMAJV Vee = 5V ± 10%, Vss = -5V ± 10%, AGND = DGND = Ov, VREF = 2.5V 
to Vee, and ClKIN = 12.352MHz, VOUT load CL = 100pF and RL = 1k, all digital timing measured at 1.4V midpoint, and 
input control signals from 10% to 90% of Vee with tR = tF = 20ns. 

SYMBOL PARAMETER CONDITIONS UNITS 

Sinewave Generator 

HD Harmonic Distortion 4,6 2nd or 3rd fOUT = 20Hz to 10kHz -45 dB 
harmonic 
relative to 

fOUT = 10kHz to 50kHz fundamental -40 dB 

SND Signal to Noise + 4,6 200Hz::; fOUT ::; 3400Hz, noise -45 dB 
Distortion measured 200Hz to 4kHz 

20Hz::; fOUT ::; 50kHz, noise -40 dB 
measured 20Hz to 150kHz 

ICN Output Idle Channel Noise 4 Power down mode, Cmsg weighted -20 0 dBrnc 

Power down mode, 1kHz 50 nV/VHz 

Inhibit mode, 1kHz 500 nV/VHz 

PSRR Power Supply Rejection 5 200mVp_p, 0 to 10kHz sine, IVee -40 dB 
Ratio measured on VOUT IVss -40 dB 

Vas VOUT Offset Voltage 4,7 ±25 + (±10 mV 
x VOUTP-p) 

VPK VOUT Peak Voltage 6 GAIN = Vee ±VREF V 

GAIN = DGND ±VREF/2 V 

Vsw VOUT Swing 5 GAIN = Vee Vss+1.5V Vee-1.5V V 

VCN VOUT Gain Error 4,6 fOUT = 20Hz to 10kHz ±.1 dB 

fOUT = 10kHz to 50kHz ±.3 dB 

RREF Reference Input Resistance 4 2.5 12 MO 

Digital and DC 

VIL,ClK Input low Voltage, ClKIN 4 1.5 V 

VIH,ClK Input High Voltage, ClKIN 4 3.5 V 

IIN,ClK Input Current, ClKIN 4 ClKIN = 1.5V to 3.5V 10 60 JiA 

ClKIN = 0 to 1.5V; 3.5V to Vee 250 JiA 

CIN,CLK Input Capacitance, ClKIN 5 12 pF 

VIL Input low Voltage 4 LATI, SID, GAIN, SCK .8 V 

VIH Input High Voltage 4 LATI, SID, GAIN, SCl 2.0 V 

IlL Input low Current 4 VIN = Ov, LATI, SID, GAIN, SCK -1 JiA 

In .. { Input High Current 4 VIN = Vee. LATI, SID, PoN-INH, SCK 1 JiA 

Ill, PON Input low Current 4 PoN-INH, VIN = OV -70 -20 -5 JiA 

IIH, G Input High Current 4 GAIN, VIN = Vee 5 20 70 JiA 

VI1 Input logic low PoN-INH 4 DGND-.5 .8 V 

VI2 Inhibit State Voltage 4 Vss+.5 V 
PON-INH 

VI3 Input logic High PoN-INH 4 2.0 V 

CIN Digital Input Capacitance 5 pF 

VOL Output low Voltage 4 IOL = -2mA 0.4 V 

VOH Output High Voltage 4 IOH = 2mA 4.0 V 

3-56 , Micro Linear 



ML2035, ML2036 

ML2036 ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJV Vee = sv ± 10%, Vss = -SV ± 10%, AGND = DGND = Ov, VREF = 2.5V 
to Vee, and ClKIN = 12.3S2MHz, VOUT load CL = 100pF and RL = 1k, all digital timing measured at 1.4V midpoint, and 
input control signals from 10% to 90% of Vee with tR = tF = 20ns. 

SYMBOL PARAMETER CONDITIONS UNITS 

Digital and DC (Continued) 

Icc Vcc Supply Current 4 No output load, V cc = V REF = 5.5V 5.5 mA 

Iss Vss Supply Current 4 No output load, V 55 = -5.5V, -3.5 mA 
Vcc = VREF =5.5V 

IcCi Vcc Supply Current, No output load, power down mode 2.0 mA 
Power Down Mode 

1551 Vss Supply Current, No output load, power down mode -100 pA 
Power Down Mode 

Digital Timing 

tCKI ClKIN On/Off Period 4 tR = tF = 10ns, 2.5V midpoint 30 ns 

tsCK SCK On/Off Period 4 100 ns 

tDs SID DATA Setup Time 4 50 ns 

tDH SID DATA Hold Time 4 50 ns 

t LPW LATI Pulse Width 4 50 ns 

tLH LATI Hold Time 4 50 ns 

tLs LATI Setup Time 5 50 ns 

Clock Output 

fCLKl 

fCLK2 

t11V t2R 

t1F, t2F 

Note 1: 

Note 2: 

Note 3: 
Note 4: 
Note 5: 
Note 6: 

Note 7: 

ClKoUT 1 Output Frequency 4 Figure 2 y, y, fCLKIN 

CU<ouT2 Output Frequency 4 Figure 2 Ya Va fCLKIN 

ClKoun ClKOUTb 5 CL =40pF, 10% and 90% transition point 0 20 ns 
Output Rise Time 

4 CL =l00pF, O.BV and 2.0V transition point 0 20 ns 

ClKoun ClKOUTb 5 CL =40pF, 10% and 90% transition poi nt 0 20 ns 
Output Fall Time 

4 CL =l00pF, O.BV and 2.0V transition point 0 20 ns 

Absolute maximum ratings are limits beyond which the life of the Integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
O°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 
Typicals are parametric norm at 25°C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
MaXimum peak-to-peak voltage for output sinewave is VOUTP_P .::; (125kV x Hz)/fouT. For example at 50kHz output the maximum 
guaranteed voltage swing is 2.5Vp_p• 

Offset voltage is a function of the peak-to-peak output voltage, for example If VOUTP_P = 2.5V, Vos = ±50mV max. 
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TIMING DIAGRAMS 

Figure 1. Serial Interface Timing 

ClKour1 \ \'---~ \ _--II \'--_ 

ClKOUT2 )1-----0 ---~--t2F -=--=-===c 
tnK PARAMETERS REFERRED TO 1.4V MIDPOINT 

Figure 2. Ml2036 Digital Clock Output Timing 

TYPICAL PERFORMANCE 

100 

75 

50 

< 
.3. .... 25 
Z 
'" .. 

I 
/ r---~CC=5V 

TA=25°C / 
V .. 

:J 
U .... -25 
:J ... 
!: -50 

-75 

/ ---
/ 

/ 
-100 

o 2 3 4 5 

INPUT VOLTAGE (V) 

Figure 3. elKIN Input Current vs. Input Voltage 
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1.0 FUNCTIONAL DESCRIPTION 
The Ml2035 and ML2036 are composed of a 
programmable frequency generator, sinewave generator, 
crystal oscillator, and serial digital interface. The Ml2035 

and ML2036 frequency and sinewave generator 
functional block diagram is shown in figure 4. 

BINARY 
PHASE ACCUMUIAIOR 

PHASE SAMPlES 
(7 BITS) 

fREF 

READ-ONLY 
MEMORY 
(128 x 7) 

SINEWAVE 
OUTPUT 

SIGN BIT 

SIGN 
BIT 

INPUT TO 
QUADRANT 

COMPLEMENTOR 

~ 
-+II+- T • ..!... 

fREF 

INPUT TO 
ROM 

,(IiI1,,(l1r), 

INPUT TO 
SIGN 

COMPLEMENTOR 

,1TrrrvnlTrh 
INPUT TO 
OUTPUT 

lATCH 

t1TITt, 
\U1W 

INPUT TO 
O/A 

CONVEKlER 

,ffiTn1~lUj) 

PICTORIAL 
PRESENTATION 
OF 
DIGITAL 0IiIi'. 

INPUT TO 
LOW·PASS 

FllnR 

( ANALOG) 
SIGNAL 

OUTPUT OF 
LOW·PASS 

FllnR 

(~~) 

Figure 4. Frequency and Sinewave Generator Functional Block Diagram 
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1.1 Programmable Frequency Generator 

The programmable frequency generator produces a 
digital output w!lOse frequency is determined by a 16-
bit digital word. 

The frequency generator is composed of a phase 
accumulator which is clocked at fCLKIN/4. The value 
stored in the data latch is added to the phase 
accumulator every 4 cycles of CLKIN. The frequency of 
the analog output is equal to the rate at which the 
accumulator overflows and is given by the following 
equation: 

fCLKIN x (D15-DO)DEC 
fouT = 223 

The frequency resolution and the minimum frequency 
are the same and is given by the following equation: 

ll.f _ fCLKIN 
MIN - 223 

When fCLKIN = 12.352MHz, ll.fMIN = l.5Hz (±.75Hz). 
Lower frequencies are obtained by using a lower clock. 

Due to the phase quantization nature of the frequency 
generator spurious tones can be present in the output 
in the range of -55dB relative to fundamental. The 
energy from these tones is included in the signal to 
noise + distortion specification. The frequency of these 
tones can be very close to the fundamental, therefore it 
is not practical to filter them out. 

1.2 Sinewave Generator 

The sinewave generator is composed of a sine look-up 
table, a DAC, and an output smoothing filter. The sine 
look-up table is addressed by the phase accumulator. 
The DAC is driven by the output of the look-up table 
and generates a staircase representation of a sinewave. 

The output smoothing filter "smooths" the analog 
output by removing the high frequency sampling 
components. The resultant voltage on VOUT is a 
sinusoid with all distortion components at least 45dB 
below the fundame!ltal. 

The Ml2035 provides a peak sinewave voltage of 
±Vccl2. The Ml2036 has a VREF input that can be tied 
to Vcc or generated from an external voltage. With the 
gain input equal to a logic "1" the sinewave peak 
voltage is equal tQ ±VREFi with the gain input equal to 
a logic "0" the peak voltage is ±VREFI2. The sinewave 
output is referenced to AGND for the Ml2036 and 
GND for the ML2035. 

The analog section is designed to operate over a range 
from DC to 50kHz. Due to slew rate limitations, the 
peak-to-peak output voltage must be limited to VOUTP-P 
::::; (125kV x Hz)/foUT. For example on the Ml2036 an 
output at 50kHz must be limited to 2.5Vp_p. Since the 
ML2035 peak-to-peak output voltage is equal to Vcc, 
the maximum output frequency must be limited to 
25kHz for Vcc = 5Y. VOUT can drive 11<0, 100pF loads 
and swing to within 1.5V of Vcc and Vss, provided the 
slew rate limitations mentioned above are not 
exceeded. 

The output offset voltage, Vos, is a function of the 
peak-to-peak output voltage and is specified as 25mV + 
(±10 x VOUTP-p) max. For example if VOUTP-P = 2.5Y, 
then Vos = 50mV max. 

1.3 Crystal Oscillator 

The crystal oscillator generates an accurate reference 
clock for the programmable frequency generator. 

The internal clock can be generated with a crystal or 
external clock. 

If a crystal is used, it must be placed between ClKIN and 
DGND of the ML2036 or GND of the ML2035. An on 
chip crystal oscillator will then generate the internal 
clock. No other external capacitors or components are 
required. The crystal should be a parallel resonant type 
with a frequency between 3M Hz to 12.4MHz. It should 
be placed physically as close as possible to the ClKIN 
and DGND (GND). 

An external clock can drive CLKIN directly if desired. 
The frequency of this clock can be anything from 0 to 
12MHz. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 3MHz to 12.4MHz 

3. Maximum equivalent series resistance of 150 at a 
drive level of 11lW to 200llW 

4. Maximum equivalent series resistance of 300 at drive 
levels of'10nW to 1/NV 

5. Typical load capacitance: 18pF 

6. Maximum case capacitance: 7pF 

The frequency of oscillation wi!1 be a function of the 
cryst'll parameters and board capacitance. Crystals that 
meet these requirements at 12.352000MHz are M-tron 
3709-010 12.352 for O°C to +70°C and 3709-020 12.352 
for -4Q°C to +85°C operation. 

I I 
~I __________________________________________________________ -J~~ ______ __ 

Figure 5. Serial Interface rming 
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The ML2036 has two clock outputs that can be used to 
drive other external devices. The CU<ouTl output is a 
buffered output from the oscillator divided by 2. The 
CLKoUT2 output is a buffered output from the oscillator 
divided by 8. 

1.4 Serial DigitaJ Interface 

The digital interface consists of a shift register and data 
latch. The serial 16-bit data word on SID is clocked into 
a 16-bit shift register on rising edges of the serial shift 
clock, SCK. The LSB should be shifted in first and the 
MSB last as shown in figure 5. The data that has been 
shifted into the shift register is loaded into a 16-bit data 
latch on the falling edge of LATI. To insure that true 
data is loaded into the data latch from the shift register, 
LATI falling edge should occur when SCK is low, as 
shown in figure 1. LATI should be low while shifting 
data into the shift register to avoid inadvertantly 
entering the power down mode as described in 
paragraph 1.5. Note that all data is entered and latched 
on edges, not levels, of SCK and LATI. 

PDN-INH PDN-INH DATA IN 
MODE PIN SHIFT REG. 

PDN 11. VI1, Logic "0" X 

Inhibit Vlu Inhibit State All O's 
Voltage, V 55 to 

Vss + .5V 

PDN 11. VI]' Logic "1" All O's 

ML2035, ML2036 

1.5 Inhibit and Power Down Modes 

1.5.1 ML2035 Power Down Mode 

The power down mode of the ML2035 can be selected 
by entering all zeros in the shift register and applying a 
logic "1" to LATI. A zero data detect circuit detects 
when all bits in the shift register are zero's. In this state, 
the power consumption is reduced to 11.5mW max, 
and VOUT goes to OVas shown in figure 6 and appears 
as 10k to analog ground. The master clock, CLKIN, can 
be left active or removed during power down mode. 

1.5.2 ML2036 Inhibit and Power Down Modes 

The ML2036 has an inhibit mode and a power down 
mode which are controlled by the three-level PoN-INH 
input as described in table 1. When a logic "1", VI3r is 
applied to the PON-INH pin, the power down mode is 
entered in the same way as described for the ML2035. 
Also, the ML2036 will be placed in the power down 
mode by applying a logic "0" to the PoN-INH pin. 

If Vss to Vss + .5y, VI2r is applied to the PON-INH pin, 
the inhibit mode is entered by shifting all zero's into 
the shift register and applying a logic "1" to the LATI 
pin. Once the inhibit mode is entered VOUT will 
complete the last half cycle of the sinewave and then 
be held at approximately Vas, such that no voltage step 
occurs, as shown in figure 6. 

lATl SINEWAVE OUTPUT 

X Your = OV 
(10K to AGND) 

logic 111" Your goes to approximately Vos 
at the next Vos crossing. See 
figure 6. 

Logic "1" Your = OV 
(10K to AGND) 

Note 1: In the power down mode, the oscillator, CLKoUT1 and CLKaUTh shift register, and data latch are all functional. 

Power Down Mode 

Inhibit Mode 

Table 1. Three Level PDN-INH Function 

SCK nnn r, nl nn I' r. nn.n r, nl nn r, r. n 

SID XX). 0 1 2 3 4 5 6 7 8 9 10 11 12 131415: 

~I r---

Figure 6. Power Down and Inhibit Mode 

'Micro Linear 

V VPEAK f < fCtK I XI' 2s6 ,FOR OUT - 2048 

fVXI :s VPEAK + VPEAK SIN(87rlOUT +.2!:..\ 
256 fCll 512/ 

FOR f > fCll 
OUT 2048 
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1.6 Power Supplies 

The analog circuitry in the device are powered from 
+SV to -SV (Vee to Vss) and are referenced to AGND. 

The digital circuits in the device are powered from +SV 
to OV (Vee to DGND). 

For the ML2036, it is· recommended that AGND and 
DGND be connected together close to the device and 
have a good connection back to the power source. 

2.0 TYPICAL APPLICATIONS 

ML2003 
ML2004 
ML2008 
ML21lO9 

It is recommended that the power supplies to the 
device should be bypassed by placing decoupling 
capacitors from Vee to AGND (GND for ML203S) and 
Vss to AGND (GND for Ml203S) as physically close to 
the device as possible. 

(----<>--0- J""\./"' 
ATTENUATION 

IGAIN 

ML2020 
ML2021 

LINE 
EQUALIZER 

+sv 

-sv 

MI2031 
ML2032 
TONE 

DETECTOR 

Figure 7. 4·Wire Termination Equipment 

>SY 

+ 

o TO 25Hz SlNEWAVE 

-sv 

LOOPHACK 
RELAY 

ML2036 

vee GAIN 

vss 

Figure 8. Sinewave Ratiometric to ±Vecl2 Figure 9. Sinewave with ±2.5Vp_p (5Vp_p) 
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ORDERING INFORMATION 

TEMPERATURE 
PART NUMBER PACKAGE RANGE 

Ml20351] 8-Pin Hermetic DIP -40·C to +85·C 
Ml2035CP 8-Pin Molded DIP O·C to +70·C 

Ml20361J 14-Pin Hermetic DIP -40·C to +85·C 
Ml2036CP 14-Pin Molded DIP O·C to +70·C 
Ml2036CS 16-Pin Molded SOIC O·C to +70·C 

• 
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GENERAL DESCRIPTION 
The ML211 0 consists of two independent switched capaci­
tor filters that perform second order filter functions such as 
lowpass, bandpass, high pass, notch and all pass. All filter 
configurations including Butterworth, Bessel, Cauer, and 
Chebyshev can be formed. 

The center frequency of these filters is tuned by an ex­
ternal clock or the external clock and resistor ratio. 

The ML2110 frequency range is specified to 30kHz with 
± 2.25V (single 5V operation) to ± 5.5V power supplies. 

For higher frequency operation the ML2111 is specified up 
to 150kHz operation. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML2110 is a pin compatible superior replacement for 
MF10, LMF100, and LTC 1 060 filters. 

BLOCK DIAGRAM 

INVAo----j 

TOAGND+---4~-----~ 

20 
lP. 

ML2110 
Universal Dual Filter 

FEATURES 
• Specified to 30kHz 
• Center frequencyxQ product :s;2MHz 
• Separate highpass, notch, all pass, bandpass, and 

lowpass outputs 
• Centerfrequency accuracy ±0.3% or ±0.8% max 
• Q accuracy ± 3% or ± 6% max 
• Clock inputs TIL or CMOS compatible with duty 

cycle 40% to 60% 
• Single 5V (±2.25V) or ±5V supply operation 
• O°Cto 70°C, -40°Cto +85°C, -55°Cto + 125°C 

operating temperature range 
• Standard 0.3" 20-pin DIP or 20-pin small outline 

(SOIC) package 

PIN CONNECTIONS 

ML2110 
20-PIN DIP 

lPA lP. 

SPA SP. 

N/AP/HPA N/AP/HP. 

INVA INV. 

SlA 51. 

SAl. AGND 

VA+ VA-

Vo+ Vu-

l5h 50il00/HOLD 

CLKA elK. 

TOPVIEW 

ML2110 
20-PIN sOle 

lPA lP. 

SPA SP. 

N/APiHPA N/AP/HP. 

INVA INV. 

51A 51. 

SAl. AGND 

VA+ VA-

Vo+ Vo-

l5h 50/100/HOLD 

CLKA CLK. 

TOPVIEW 
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PIN DESCRIPTION 
PINNa. NAME FUNCTION 

lPA lowpass output for 
biquad A. 

2 BPA Bandpass output for 
biquad A. 

3 NfAPfHPA Notchfallpassfhighpass 
output for biquad A. 

4 INVA Inverting input of the 
summing op amp for 
biquad A. 

5 51A Auxiliary signal input pin 
used in modes la, ld, 4, 5, 
and 6b. 

6 5AiB Controls 52 input 
function. 

7 VA+ Positive analog supply. 

8 VD+ Positive digital supply. 

9 lSh Reference point for clock 
input levels. logic 
threshold typically lAV 
above l5h voltage. 

10 ClKA Clock input for biquad A. 
11 ClKB Clock input for biquad B. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
IVA+I, IVD+I-lvA-I, IvD-I ....................... 13V 
VA+, VD+ to lSh .................................. 13V 

Inputs .............. lvA+, v D+I+0.3Vto IvA-, v D-I-0.3V 
Outputs ............ lvA+, v D+I+O.3Vto IvA-, v D-I-0.3V 
IvA+ltolvD+I ................................... ±O.3V 
Power Dissipation ................................ 750mW 
Storage Temperature Range ................. - 65°C to 150°C 
lead Temperature (soldering, 10 sec) .................. 300°C 

ELECTRICAL CHARACTERISTICS 

ML2110 

PINNa. NAME FUNCTION 
12 50/1 OOfHOLD Input pin to control the 

clock to center frequency 
ratio of 50: 1 or 100: 1, or 
stops the clock to hold the 
last sample of the band-
pass or lowpass outputs. 

13 VD- Negative digital supply. 

14 VA- Negative analog supply. 

15 AGND Analog ground. 

16 51B Auxiliary signal input used 
in modes 1 a, ld, 4,5, and 
6b. 

17 INVB Inverting input of the 
summing op amp for 
biquad B. 

18 NfAPfHPB Notchfallpassfhighpass 
output for biquad B. 

19 BPB Bandpass output for 
biquad B. 

20 lPB lowpass output for 
biquad B. 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
Ml211OBCP, Ml211OCCP, 
Ml2110BCS, Ml211OCCS .................... DoC to 70DC 
Ml211OBIJ, Ml2110CIJ .................. -40°Cto +85°C 
M12110BMJ,Ml211OCMJ .............. -55°Cto +125DC 

Supply Voltage Range .................... ± 2.25V to ± 6.0V 

Unless otherwise specified TA-TMIN toTMAX, VA+ -VD+ -sV±lO%, VA- -VD- - -5V±10%, CL -25pF, VIN-2.sVPK 
(1.767 VRMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS UNITS 

Filter 

fo, Center Frequency 5,6 Figure 16 (Mode 1) 
Maximum Qs50, Q Accuracy s ±20% 20 20 kHz 

Q s20, Q Accuracy s ± 1 0% 30 30 kHz 
fo, Center Frequency 5,6 Figure 16 (Mode 1) 
Minimum Qs50, Q Accuracys ±30% 25 25 Hz 

QS20, Q Accuracys ± 15% 25 25 Hz 
fo, Temperature fcLK<lMHz -10 -10 ppm/DC 
Coefficient 
Clock to Center Q-lO 
Frequency Ratio Figure 16 (Mode 1) 

4 50: 1, fClK - 250kHz 49.85 50.0 50.15 49.60 50.0 50.40 
4 100: 1, fCLK - 500kHz 100.0 100.3 100.6 99.50 100.3 101.1 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA~ TMIN to TMAX, VA + ~VD+ ~SV± 10%, V A- ~VD- ~ -SV± 10%, CL ~2SpF, VIN~2,SVPK 
(1.767 VRMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS UNITS 
Filter (Continued) 

Clock Frequency 5 Q,;;20,QAccuracy,;;±15% 2.5k 1.5M 2.5k l.5M Hz 
Clock Feedthrough 5 fclK,;;lMHz 10 20 10 20 mV(p·p) 
QAccuracy 4 fo-5kHz, Q-lO 150:1 ±3 ±6 % 

Figure 16 (Mode 1) 1100:1 ±4 ±8 % 
Q Temperature !eLK < 500kHz, Q - 10 20 20 ppm/oC 
Coefficient 
DC Offset 50:1, fClK-250kHz 

VOS2,3 4 SNB High 7 40 7 60 mV 

VOS2,3 4 SAIB Low 7 40 7 60 mV 

DC Offset 100:1, !eLK-500kHz 
VOS2,3 4 SAIB High 14 60 14 100 mV 

VOS2, 3 4 SNBLow 14 60 14 100 mV 

Gain Accuracy 
DC Lowpass 4 Rl-20k, R2-2k, R3-20k 0.01 2 0.01 2 % 
Bandpass at fo 4 100:1, fo-5kHz, Q-lO 1 4 1 8 % 
DC Notch Output 5 0.02 2 0.02 2 % 

Noise 7 Figure 16 (Mode 1) 
Q-l,Rl-R2-R3-2k 
Bandpass, 5kHz, 50:1 80 80 ,NRMS 

5kHz, 100:1 100 100 I'VRMS 
Lowpass, 5kHz, 50:1 105 105 I'VRMS 

5kHz, 100:1 130 130 I'VRMS 
Notch, 5kHz, 50:1 80 80 I'VRMS 

5kHz, 100:1 100 100 I'VRMS 

Figure 16 (Mode 1) 
Q-l0,Rl-R3-20k,R2-2k 
Bandpass, 5kHz, 50:1 256 256 I'VRMS 

5kHz, 100:1 315 315 I'VRMS 
Lowpass, 5kHz, 50:1 262 262 I'VRMS 

(Rl-2k) 5kHz, 100:1 320 320 I'VRMS 
Notch, 5kHz, 50:1 33 33 I'VRMS 

(Rl-2k) 5kHz, 100:1 38 38 I'VRMS 

Crosstalk fClK - 250kHz, fo- 5kHz -70 -70 dB 
Filter, VA + = Vo + = 2.25V, VA - = Vo - = - 2.25V, VIN = 0.707 VPK (0.5 VRMS) 

fo, Center Frequency 5 Figure 16 (Mode 1) 
Maximum Q,;;50, QAccuracy,;; ±25% 20 20 kHz 

Q,;;20,QAccuracy,;;±12% 30 30 kHz 
fo, Center Frequency 5 Figure 16 (Mode 1) 
Minimum Q,;;50, QAccuracy,;; ±30% 25 25 Hz 

Q,;;20, Q Accuracy,;; ± 15% 25 25 Hz 
Clock to Center Q-lO 
Frequency Ratio Figure 16 (Mode 1) 

4 50:1, fClK-250kHz 49.85 50.0 50.15 49.60 50.0 50.40 
5 100: 1, !eLK - 500kHz 100.0 100.3 100.6 99.50 100.3 101.1 

Clock Frequency 5 Q,;;20,QAccuracy,;;±15% 2.5k 1.5M 2.5k 1.5M Hz 
QAccuracy 4 !eLK-250kHz, Q-l01 50:1 ±4 +8 % 

Figure 16 (Mode 1) 1100:1 +3 +6 % 
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ELECTRICAL CHARACTERISTICS (Continued) 
UnlessotherwisespecifiedTA=TMINtoTMAX, VA+ =VD+ =SV±lO%, VA- =VD- = -SV±lO%, CL =2SpF, VIN=2,SVPK 
(1.767 VRMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS 

Filter, VA + = VD + = 2 25V, VA - = VD - = - 2 25V VIN = 0 707 VPK (0 5 VRMS) (Continued) , 
Noise 7 Figu re 16 (Mode 1) 

Q=l,Rl =R2=R3=2k 
Bandpass, 5kHz, 50:1 80 80 

5kHz, 100:1 100 100 
lowpass, 5kHz, 50:1 105 105 

5kHz, 100:1 130 130 
Notch, 5kHz, 50:1 80 80 

5kHz, 100:1 100 100 

Figu re 16 (Mode 1) 
Q= 10,R1 =R3=20k,R2=2k 
Bandpass, 5kHz, 50:1 256 256 

5kHz, 100:1 315 315 
lowpass, 5kHz, 50:1 262 262 

(R1 =2k) 5kHz, 100:1 320 320 
Notch, 5kHz, 50:1 33 33 

(Rl =2k) 5kHz, 100:1 38 38 .. 
Operational Amphflers and Power Supply 

Vas DC Offset 4 2 15 2 15 

DC Open loop Gain RL=lk 95 95 

Gain Bandwidth 2.4 2.4 
Product 

Slew Rate 2.0 2.0 

Output Voltage 5 RL=2k,IVlfromVA+orVA- .5 1.2 5 1.2 
Swing 
(Clipping level) 

Output Short Circuit Source 50 50 
Current Sink 25 25 

Power Supply And Clock 

Supply Current 4 fcLK = 250kHz 
(iA+)+(iD+) 13 22 13 22 
(iA-)+(iD-) 12 21 12 21 
ILSH 0.5 1 0.5 1 

VCLK Input Threshold 4 low 0.8 0.8 
High 2.0 2.0 

ClKA, ClKB Pulse 5 ClK High or ClK low 250 250 
Width 

Note 1: Absolute maximum ratings are limits beyond which the life of the Integrated circuit may be Impaired. All voltages unless 
otherwise specified are measured with respect to ground. 
Note 2: - 55°C to + 125°C operating temperature range devices are 100% tested attemperature extremes with worst·case test 
conditions. O°C to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Center frequency is defined as the peak of the bandpass output. 

UNITS 

I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 

I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 
I'VRMS 

mV 

dB 

MHz 

VII'S 
V 

mA 
mA 

mA 
mA 
mA 

V 
V 

ns 

Note 7: The nOise IS measured with the HP8903A audio analyzer with a bandwidth of 30kHz which is 6 times the fo at 50:1 or at 100:1. 
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TYPICAL PERFORMANCE CURVES 
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Figure 1. fCLK/fo vs. fCLK (100:1, 50:1 at Vs = ± 2.5Vor Vs = ± 5V) 
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Figure 2A. fCL~fo Deviation vs. Temperature (Vs = ± 5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 

t 
z 
o 

0.60 

0.30 

~ -0.30 
;; 
C 
0'- 0.60 

-0.90 

-1.20 

fcLK = 250kH,/ 
50:1 ./ V 
./ / 

/ 
/ 

In~ = 500~Hz 
~ --100:1 ...... 

/' v::: -

Q=10 
MiDE 1-

-

-60 -40 -20 W ~ W W 100 lW 
TEMPERATURE (OC) 

~ 
z 
o 
~ 

-4 

;; -2 
C 
0' 

-4 

Figure 4A. Q Deviation vs. Temperature (Vs = ± SV) 

....-I-
100:1 
InK = 500kHz 

InK = 250kHz ~ 

~V 
/ 

V MODEl 
TA=25°C 

'1111 
0.1 0.5 5 10 50 100 

I DEAL Q ( = R3/R2) 

Figure SA. fCLK/fo Deviation vs. Q (Vs = ± SV) 

~ 

/ 
V 

/ MODEl 
lo=5kHz 
InK = 250kHz 
TA=25°C 

0.1 0.5 5 10 50 100 
IDEAL Q (= R3/R2) 

Figure 6A. Q Deviation vs. Q (SO:1, Vs = ± SV) 

0.20 

I J 
IClK = 250kHz 

- 50:1 

~ -- r--i'---z 
o ./' 
~ InK = 500kHz I'---~ -0.20 

;; 
C 
0' 

-0.40 

-0.60 

_MODEl 

Qr 

-60 -40 -20 

.......... 
"-

20 40 60 80 100 120 
TEMPERATURE (0C) 

Figure 48. Q Deviation vs. Temperature (Vs = ± 2.SV) 

~ 0.1 
Z 

M6DElli 111111 

- TA=25°C 
VIN=lVRMS 

- 50:1 OR 100:1 
lo=5kHz 

I 

o 
~ ;; 

_ InK = 250kHz OR 500kHz 

C 
J: 

is 
z 
~ .fl -0.1 

-0.2 
0.1 0.5 5 10 

IDEAlQ (= R3/R2) 
50 100 

Figure S8. fClK/fNOTCH Deviation vs. Q (Vs = ± SV) 

0.8 

0.4 

t 
z 
0-0.4 
~ 
~ -0.8 
C 
0' 

-1.2 

-1.6 

-2 
0.1 0.5 

/ 

V MODEl 
fo =5kHz 
InK = 500kHz 

TAToll1 

5 10 50 100 
IDEAL Q (= R3/R2) 

Figure 68. Q Deviation vs. Q (100:1, Vs = ± SV) 

'-Micro Linear 3-69 

IJI 



Ml2110 

TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 11. Supply Current vs. Supply Voltage 

FUNCTIONAL DESCRIPTION 
POWER SUPPLIES 

The analog (VA +) and digital (VD +) supply voltage pins, in 
most cases, are tied together and bypassed to AG N D with 
a O.lpF and a O.OlpF disc ceramic capacitor. If high digital 
noise exists, the supply pins can be bypassed separately. 
The ML211 0 positive analog and positive digital supply 
pins are internally connected by the IC substrate and 
should be biased from the same DC source. 

The ML2110 operates with a single supply from 5V± 10% 
and with split supplies from ±4.5V to ±6V supplies. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than ± 4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGND or VA - pin. With single supply 
operation, the negative supply pins and the L5h pin should 
be tied to the system ground. The AGND, pin 15, should 
be biased at 112 supplies. Under these conditions, the 
clock levels are TTL or CM05. The input clock pins 
(10, 11) share the same level shift pin. 

50/100/HOLD (Pin 12) 

By tying pin 12 to (VA +, VD +) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 ofthe voltage supplies 
(AGND potential), the ML2110 operates in the 100:1 
mode. The range of pin 12 with total supply voltage of 
+ 5V is 2.5 ± 0.5V; + 10V is 5V ± O.5V. When pin 12 is tied 
to the negative supply pin, the filter operation is stopped 
and the bandpass and lowpass outputs act as an 5/H cir­
cuit holding the last sample. 

SlAI S181 (Pins 5 and 16) 

These are voltage signal input pins and should be driven 
with a source impedance below 5k. The 51A, 51 B pins can 
be used to alter the clock to center frequency ratio (fCLKifa) 
of the filter (see modes 1 b, 1 c, 2a, 2b) or to feedforward 
the input signal for all pass filter configurations (see modes 
4 and 5). When these pins are not used, they should be 
tied to the AGND pin. 

13 
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Figure 12. Supply Current vs. temperature 

SAi8 (Pin 6) 

When 5AiB is high, the 52 negative input of the voltage 
summer is tied to the lowpass output. When the 5AiB pin is 
connected to the negative supply, the 52 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 112 of the supply 
and bypassed with a 0.1 pF capacitor. The positive inputs 
ofthe internal op amps and the reference point of the in­
ternal switches are connected to the AGND pin. 

fCLK/fo RATIO 

The ML2110 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fCLKifa) ratio decreases 
and when the Qs are low. 

fo x Q PRODUCT RATIO 

The faxQ product of the ML211 0 depends on the clock 
frequency and the mode of operation. For clock frequen­
cies below 1 MHz, in mode 1 and its derivatives, the 
fax Q product is mainly limited by the desired fa and Q 
accuracy. For the same clock frequency and for the same 
Q value the faxQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1. 

Mode 3, Figure 24, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wide band RM5 noise of the ML211 0 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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FILTER FUNCTION DEFINITIONS 
Each filter of the ML211 0 with an external clock and resis­
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1. Bandpass function: available at the bandpass output 
pins (2,19), Figure 13. 

sWo/Q 
G(s) ~ HOBP 2 2 

S + (swo/Q) + Wo 

fa ~ wa/21r; fa is the center frequency of the com­
plex pole pair. fa is measured as the peak fre­
quency of the bandpass output. 

Q ~ Quality factor of the complex pole pair. It is the 
ratio of fa to the - 3d B bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 14. 

W 2 
G(s)~HOLP a 

s' + s(wjQ) + w~ 

HOLP ~ DC gai n of the LP output. 

3. Highpass function: available only in mode 3 at the out­
put pins (3, 18), Figure 15. 

s' G(s) ~ HOHP -,----"--:-----:-
s'+s(wa/Q)+wb 

· fCLK 
HOHP~galn of the HP output for f- 2 

4. Notch function: available at pins 3 (18) for several 
modes of operation. 

(s' +w' n) 
G(s) ~ (HON2) -c:----"-____:_ 

s' + s(wa/Q) + w~ 
· fCLK 

HON2 ~ gam of the notch output for f- -2-

HONl ~gain ofthe notch output forf-O 

fn ~ wn/21r; fn is the frequency of the notch 
occurrence. 

5. All pass function: available at pins 3(18) for mode 4, 4a. 

G() [s'-s(wa/Q)+wQ 
s ~ H OAP "---'-"-'---"" 

S2 + s(wa/Q) + wb 

· ~~ HOAP~gam of the all pass output for O<f< 2 

For all pass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re­
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fo. 
For high numerator Q's, the magnitude response will have 
a notch at fz. 

BANDPASS OUTPUT 

~ HOBP 1------. ..... 
Z 0.707 HOBP I----+_+__'> 

~ 

Il 10 IH 
I(LOG SCALE) 

Q ~ I~I·· ; 10 ~ .Jli.fH 
H - l 

1'~lo(i~ + V(2~)\1) 

IH~lo (2~ + V(2~)\1) 

Figure 13 

LOW PASS OUTPUT 

HOp ~=::::;;:;;O1' 
HOlP I-

Z 0.707 HOlP I----_+__~ 

~ 

Ip Ie 
I(LOG SCALE) 

HOp=HOlPX F.[i-1 
-.L 1-~­
Q 4Q' 

Figure 14 

HIGH PASS OUTPUT 

~ Hop~==~~ ____ __ 
~ HOHP 
Z 0.707 HOHP 
:;( 
<.:l 

Ie Ip 
I(LOG SCALE) 

le~lox [V(l- 2~') + V(1--2~') '+1 r 
Ip=lox [V1- 2~2 r 
HOp=HOHPX ~1 

-.L 1- _1_ 
Q 4Q' 

Figure 15 
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OPERATION MODES 

Table 1. 1 st Order Functions 

MODE PIN 2 (19) PIN 3 (18) fc fz 
6a LP HP fClK R2 --x-

100(50) R3 

6b LP LP felK R2 
--x-
100(50) R3 

7 LP AP felK R2 fClK R2 
--x- --x-
100(50) R3 100(50) R3 

Table 2. 2nd Order Functions 

MODE PIN 1 (20) PIN 2 (19) PIN 3 (18) fo fN 
1 LP BP Notch felK fo 

100(50) 

1a LP BP BP felK 
100(50) 

1b LP BP Notch felK V R6 felK V R6 
100(50) x 1 + R5+R6 100(50) x 1 + R5 + R6 

1c LP BP Notch felK ~ felK ~ 
100(50) x R5 + R6 100(50) x R5 + R6 

III 
1d LP BP felK 

100(50) 

2 LP BP Notch fClK ~ felK 
100(50) x 1 + R4 100(50) 

2a LP BP Notch felK V R2 R6 felK -V R6 
100(50) x 1 + R4 + R5 + R6 100(50) x 1 + R5 + R6 

2b LP BP Notch felK VR2 R6 felK ~ 
100(50) x R4 + R5+R6 100(50) x R5 + R6 

3 LP BP HP fCLK jf{ 
100(50) x R4 

3a LP BP Notch felK {fJ felK R 
100(50) x R4 100(50) x ~ 

4 LP BP AP felK 
100(50) 

4a LP BP AP felK ~ 
100(50) x R4 

5 LP BP C.Z felK ~ felK FT/l 
100(50) x + R4 100(50) x 1 - R4 
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OPE RATION MODES (Continued) 

There are basically three modes of operation: mode 1, 
mode 2, mode 3. In the mode 1, Figure 16, the input 
amplifier is outside the resonant loop. Because of this, 
mode 1 and its derivatives (mode 1 a, 1 b, 1 c, 1 d) are faster 
than modes 2 and 3. 

Mode 1 a, Figure 17, represents the most simple hook-up 
ofthe ML211 o. Mode 1 a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, mode 
1 a is not practical as it requires several clock frequencies 
to tune the overall filter response. 

Mode 1, Figure 16, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1, a bandpass out­
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. 

Modes Ib and lc, Figures 18,19 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre­
quency can be adjusted with an external resistor ratio. 

1/2 Ml2110 

R3 

R2 
BP LP 
2(19) 1(20) 

Rl 

1 -~·I -I ·HOLP--g;!·HOBP--]!:!·Ho ,--g;!.Q-]!:! 
0- 100(50)' n- 0, - Rl' - Rl' N - Rl' - R2 

Figure 16. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, lowpass 

The clock to center frequency ratio range is: 

100 50 felK 100 50 
-or-~-~--or--· mode lc 
lIfo ,rz ,rz , 

The input impedance of the Sl pin is clock dependent, 
and in general R5 should not be larger than 5k. Mode 1 b 
can be used to increase the clock to center frequency ratio 
beyond 100:1. For this mode, the limit for the (fCLKlfo) ratio 
is 500: 1. Beyond this, the filter will exhibit large output off­
sets. Mode 1 d, Figure 20, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 20kHz can 
easily be achieved. 

Modes 2, 2a, and 2b have a notch output which fre­
quency, fn, can be tuned independently from the center 
frequency, fo. For all cases, however, fn <fo. These modes 
are useful when cascading second order functions to cre­
ate an overall elliptic highpass, bandpass or notch re­
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode l' s. 

112 Ml2110 

R3 

BPI LP 
2(19) 1(20) 

4(17) 

10= 1~~~;0); Q= H; HOBP' = - H; HOBP2= I(NONINVERTlNG);HOLP= -1 

Figure 17. Mode 1a: 2nd Order Filter Providing 
Bandpass, lowpass 
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OPERATION MODES (Continued) 
1/2 ML2110 

R6 R5 

R3 

R2 

f -~Vl+ R6 ·f -f 'Q_llJV1+ R6 • 
0- 100(50) R5+R6' n- 0, - R2 RS+R6' 

HON,(f-O)= HON2 (f- f~K) = -~; HOBP= - p,; HOLP= 1 + R6)f~SR!R6) ; R5<Skll 

Figure 18. Mode lb: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

Rl 
V'N-"I\IIr-6--I 

4(17) 

R3 

R2 

112 ML211 0 
R6 

icLK .~ R3.~ 
fo = 100(SO) V lis + R6; fn = fo; Q = iUV 115+ R6; 

R5 

lP 
1(20) 

HON,(f-O) = HON2 (f- fCLK) = -]!;!; HOLP= - R2/Rl ; HOBP= --RR3,; R5<Sk!l 
2 Rl R6/(RS + R6) 

Figure 19. Mode lc: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

R3B R3A 

R2 

112ML2110 

lP 
1(20) 

f fCLK R3A. R2 
0= 100(SO);Q=1+ R3B,HOBP- - iitxQ 

ML2110 

Figure 20. Mode ld: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater Than or Equal to 1. 
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OPERATION MODES (Continued) 

R1 
V'N-'IIIollr--<>--I 

4(17) 

R1 
V,N -""',,"""-9'--1 

4(17) 

3-76 

R4 

R3 

R2 

R4 

R3 

1/2 ML2110 

LP 
1(20) 

HORP= -R3/R1; HONI(I-O)= 1 ~~i/~4) ; HON2 (I-~) = -R2/R1 

Figure 21. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

R6 RS 

LP 
1(20) 

1/2 ML2110 

I leLK V1 R2 R6' 1 ICLK ~~. R3V R2 R6 
0= 100(50) +iW+ R5+R6' n= 100(50) y1+K5+R6,Q=jU l+iW+ RS+R6 

H (1-0) = - ~ I 1 + R6I(R5 + R6) I· (1- ICLK) - - R2I aNI R1 1 + (R2/R4) + [R6I(R5 + R6)] ,HON2 2 - R1 

HORP= - R3/R1; HOLP= 1+ (R2/R4) ~':J(R5+ R6)] 

Figure 22. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

1/2 ML2110 

R4 

R6 R5 

R3 .,.. 

R2 

H (I) R21 R6/(R5+ R6) I. (I ICLK) 1 
aNI -0 = - R1 (R2/R4) + [R6/(RS + R6)] ,HON2 ~ - 2 = - R2 R1 

HORP= - R3/R1; HOlP= (R2/R4) +:/~~5+ R6)] 

Figure 23. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 24, a single resistor ratio (R2iR4) can 
tune the center frequency below or above the felKil 00 (or 
fCLKi50) ratio. Mode 3 is a state variable configu ration 
since it provides a high pass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 25). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rhl 
RI). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 33, shows the 2 sec­
tions connected in mode 3a to obtain a clock tunable 4th 
order sharp elliptic bandpass filter. The first notch is cre­
ated by summing directly the HP and LP outputs ofthe first 
section into the inverting input of the second section op 
amp. The individual Q's are 29.6 and the filter maintains 
its shape and performance up to 20kHz center frequency, 
as shown in Figure 34. For this circuit an external op amp 
is required to obtain the 2nd notch. The dynamics of 
Figure 34 show that the amplitude response at each output 
pin does not exceed OdB. The gain in the passband 

ML2110 

depends on the ratio of (Rg/Rh2) x (R22/Rhl) x (R21 IRll). 
Any gain value can be obtained by acting on the (Rg/Rh2) 
ratio of the external op amp, the remaining ratios are 
adjusted for optimum dynamics of the output nodes. The 
external op amp of Figure 33 is not always required. In 
Figure 35, one section in mode 3a is cascaded with the 
other section in mode 2b to obtain a 4th order, 1 dB ripple, 
elliptic bandreject filter. The clock to center frequency 
ratio is adjusted to 200: 1; this is done in order to better ap­
proximate a linear R,C notch filter. The amplitude re­
sponse of the filter is shown in Figure 36 with up to 1 MHz 
clock frequency. The OdB bandwidth to the stop band­
width ratio is 8/1. When the filter is centered at 1 kHz, it 
should theoretically have a 44dB rejection with a 50Hz 
stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section, Figure 35, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpass/bandreject 
filters, the mode 3a approach as in Figure 25, yields better 
dynamic range since the external op amp helps to opti­
mize the dynamics of the output nodes of the ML211 O. 

112ML2110 
R4 

R3 

LP 
1(20) 

10= 1~~~;0) ~;Q= H~; HOHP= - R2/R1; HOLP= - R4/R1; HOBP= - P, 

Figure 24. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, Lowpass 

112ML2110 
R4 

R3 

R2 
LP 
1(20) 

Rg 

InK Iifi le'K /Rh I I 
10= 100(50) VIM; In = 100(50) Vii; HOHP= - R2/R1; HOBP= - R3 R1, HOLP= - R4 R1 

HON1(1-0)= ~ x ~;HON2 ~- leiK) = ~ x ~;HON(I=lo)=Q (~HOLP- ~HOHP) 

NOTCH 

Figure 25. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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OPE RATION MODES (Continued) 

3-78 

1/2 ML2110 

R4 

R3 

R2 

R1' 

V,N --"-w<v--:-4(<>17=-)-I 

f - -~. Iifi. Q - !!}. Iifi'. H - R;;. H - - Ig. H = - !!}. HO = - I!'I 
0- 100(50) VAA' - R2Vi4' OAP- 2R' OHP- Rl' OBP Rl' LP Rl 

Figure 26. Mode 4a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Allpass 

112 ML2110 

R3 

R2 

10= 1ri~~:0); Q= H; HOAP= - ~; HOlP= -2; HOBP= -2 (H) 

LP 
1(20) 

Figure 27. Mo'de 4: 2nd Order Filter Providing Allpass, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

1/2ML2110 

R4 

R3 

Qz= JQV1- J!1. Hoz(I-O) = IR4/Rll-l. HOZ (1- ICLK) =~. 
Rl R4' (R4/R2) + l' 2 Rl' 

HORP = JQ (1 + ~) . HOLP = 1 + (R2/Rl) 
R2 Rl' 1 + (R2/R4) 

Figure 28. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, Lowpass 

112ML2110 

R3 

LP2 
2(19) 1(20) 

4(17) 

felK R2 R3 
fe = 100(50) R3 ; HOLP1 = 1; HOlP2 = - R2 

LP 
1(20) 

Figure 30. Mode 6b: 1 st Order Filter Providing Lowpass 

Rl 
VIN-W'...-6--I 

4(17) 

112 ML2110 

ML2110 

1(20) 

ICLK R2 
fe= 100(50) R3; HOLP= - R3/Rl; HOHP= - R2/Rl 

Figure 29. Mode 6a: 1 st Order Filter Providing Highpass, 
Lowpass 

1/2ML2110 

R3 

1(20) 

I = felKR2 'fz= ICLKR2 . GAIN AT OUTPUT = 1 FOROsls ICLK 
p 100(50) R3 ' 100(50) R3' 2 

Figure 31. Mode 7: 1 st Order Filter Providing All pass, 
Lowpass 
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OPERATION MODES (Continued) 

OdB 

Your -5dB 
R61 R51 

R31 -10dB ,.. 
R12 

R21 -15dB 

Rll 
V,N -20dB 

-25dB 

j";;,r;z--. \ ICLK-40kHz 

if \ 
/ \. 

V " / "-"-
v+ = +5V '" O.9kHz 1kHz 1.lkHz 

T'L OR CMOS CLK INI---<>-----------' 

OdB ....... -
/ _1kHz. \ ICLK - 800kHz 

1 \ 
-5dB 

-lOdB 
PRECISE RESISTOR VALUES 

Rll = 149.55k R12=44.1k 
R21 =4.9BBk R22=4.999k 
R31 = 149.73k R32 = 143.5k 

J 1\ 
I \ 

-15dB 

R51 = 2.538k R52 = 2.498k 
R61 =2.495k R62-4.331k V "-i'.. 

-20dB 

-25dB 

" 18kHz 19kHz 20kHz 21kHz 22kHz 

Figure 32. Cascading the 2 sections connected in mode 1b to obtain a dock tunable 4th order 1dB ripple 
bandpass Chebyshev filter with (center frequency)/(Ripple Bw); 20/1. 

3-80 

V,N 

Rhl 

1112 

R41 

R31 

R21 
Rh2 

Rll 

-5V 

v+ = +5V 

+5V 

CLK. 11 

T'LOR CMOS ....... >--_____ ----' 
CLOCK IN 

Rll = 155.93k 
Rhl = 13.2k 
R42=5k 

RESISTOR VALUES 
R21=5k R31=152k 
RII = 10.74k R22 = 5.26k 
RI2=6.11k Rh2=5k 

R. 

R41 =5.27k 
R32= 151.8k 
Rg=37.3k 

NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL PEAKING. 

Figure 33. Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 34 with improved 
dynamics. The gain at each node is :s OdB for all input frequencies. 
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OPERATION MODES (Continued) 

OdS 

r 1\ 
OdS r '\ 

I \ feLK = 100kHz 

I 
-10dS II \ fClK=IMHz 

II \ 
-10dS 

- 1\ --20dS - 1\ ...-
-2OdS 

"\ / 
1\ 

-30dS 

'\ 1 !f 
1\ \. 

-30dS 

y 

-40dS -40dS 

-SOdS -sOdS 

1.5kHz 1075kHz 2kHz 2.25kHz 2.5kHz 105kHz 1.75kHz 20kHz 22.5kHz 25kHz 

Figure 34. The BP filter of Figure 33, when swept from a 2kHz to 20kHz center frequency. 

Rll 

R41 

R31 

R21 

+5V 

v+ "" +5V 

T'L OR CMOS ---41--------l 
CLOCK IN 

Rll=60k 
R41 = 28.84k 
R52 =5k 
R32 = 455.75k 

RESISTOR VALUES 
R21 =5k 
Rhl =5k 
R62= 1059k 
R42 = 503.85k 

R42 

R31 = 54.75k 
RI1 = 19.3k 
R22=60k 

R62 

Figure 35. Combining mode 3 with mode 2b to create a 
4th order BP elliptic filter with ldB ripple and a ratio of 
Odb to stop bandwidth equal to 8/1. 
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5-20 
~ 
z 
{: 
::l 

~-30 

-40 

-50 

-66 

f--- ---""- V 
\ / 

'-
\ / 
\ II 

I 
1\ I 

f~LK.,200; fclKS1MHz 
o 1 

V 

0.7 0.8 0.9 fo= 1.0 1.1 1.2 1.3 
INPUT FREQUENCY NORMALIZED TO FILTER CENTER FREQUENCY 

Figure 36. Amplitude Response of the Notch Filter of 
Figure 35. 
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OFFSETS 
Switched capacitor integrators generally exhibit higher in­
put offsets than discrete R,C integrators. 

(Notch and LP) depend on the mode of operation and ex­
ternal resistor ratios. Table 3 illustrates this. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall offset budget. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule ofthumb, the output DC offsets 
increase when: Figure 37 shows half of the ML2110 filter with its equiva­

lent input offsets Vos], VOS2, VOS3. 
1. The Q's decrease 
2. The ratio (fcuJfo) increases beyond 100:1. This is done 

by decreasing either the (R2/R4) or the R6/(RS + R6) 
resistor ratios. 

The DC offset at the filter bandpass output is always equal 
to VOS3. The DC offsets at the remaining two outputs 

15 

-:;;:-

Figure 37. Equivalent Input Offsets of 112 ML2110 Filter 

Table 3 

VOSN 
MODE PIN 3 (18) 

1,4 V as1 [(1/Q)+1 +IIHOLpll]-Vas3 /Q 
1a Vasl[l + (1/Q)]-Vas3 /Q 

1b Vas1 [(1/Q)+ 1 + R2/R1]-Vas3/Q 

1c Vasl[(l/Q) + 1 + R2/R1]- V as3 /Q 

1d Vasl[l +R2/R1] 
2,S [Vas 1 (1 +R2/R1 + R2/R3 + R2/R4)-Vas3(R2/R3)] x 

[R4/(R2 + R4)] + Vas2 [R2/(R2 + R4)] 
2a [Vas 1 (1 +R2/R1 +R2/R3+R2/R4)-Vas3(R2/R3)]x 

[ R4(1 +k) I V [ R2 j.k- R6 
R2+R4(1 +k) + aS2 R2+R4(1 +k) , - RS+R6 

2b [Vas 1 (1 +R2/R1 +R2/R3 + R2/R4)-Vas3 (R2/R3)] x 

[ R4k j V [ R2 I .k- R6 
R2+R4k + aS2 R2+R4k ,- RS+R6 

3,4a Vas2 

ORDERING INFORMATION 

PART NO. 
ML2110BCP 
ML2110CCP 
ML2110BCS 
ML2110CCS 
ML2110BI) 
ML2110ClJ 
ML2110BMJ 
ML2110CMJ 

TEMPERATURE 
RANGE 

O°C to 70°C 
O°Cto 70°C 
O°Cto 70°C 
O°Cto 70°C 
-40°C to +85°C 
-40°Cto +85°C 
- 5SoC to + 12SoC 
- SsoC to + 12SoC 

VOSBP VOSlP 
PIN 2 (19) PIN 1 (20) 

Vas3 VasN-Vos2 
Vas3 VasN- Vas2 

Vas3 -(VasN-Vas2) (1 + RS/R6) 

Vas3 (V V) (RS+R6) 
- aSN- aS2 (RS+2R6) 

Vas3 VasN- Vas2- Vas3 /Q 

Vas3 VasN-Vas2 

Vas3 (V V) (RS+ R6) 
- aSN - aS2 (R5 + 2R6) 

Vas3 -(VasN - Vas2) (1 + R5/R6) 

Vas3 I R4 R4 R41 ( R4 ) Vas1 1 +-+-+- -Vas2 -
I Rl R2 R3 ,R2 

-Vas3 (:;) 

PACKAGE 
Molded DIP 
Molded DIP 
Molded SOIC 
Molded SOIC 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
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'Micro Linear ML2111 
Universal Hi-Frequency Dual Filter 

GENERAL DESCRIPTION 
The ML2111 consists of two independent switched capaci­
tor filters that operate up to 150kHz. These filters perform 
second order functions, such as lowpass, bandpass, high­
pass, notch and all pass. All filter configurations, including 
Butterworth, Bessel, Cauer and Chebyshev can be formed. 

The center frequency of these filters are tuned by an ex­
ternal clock or the external clock and a resistor ratio. 

The ML2111 frequency range up to 150kHz is specified 
with ±5.0V± 10% power supplies. Using a single 
5.0V± 10% power supply the frequency range is up to 
100kHz. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML2111 is a pin compatible superior replacement for 
MF10, LMF100, and LTC 1 060 filters. 

BLOCK DIAGRAM 

TOAGNO+---~~----------~ 

BP. 
20 

LP. 

FEATURES 
• Guaranteed frequency range to 150 kHz 
• Center frequency x Q product ... 5 MHz 
• Separate high pass, notch, all pass, bandpass, and 

lowpass outputs 
• Centerfrequency accuracy ±0.4% or ±0.8% max 
• Q accuracy ±4%, or ±8% max 
• Clock inputs TIL or CMOS compatible 
• Single 5V (±2.25V) or ±5V ±1O% supply operation 

guaranteed 
• O°Cto +70°C, -4Q°Cto +85°C, -55°Cto +125°C 

operating temperature range 
• Standard 0.3" 2a-pin DIP or 2a-pin small outline 

(SOIQ package 

PIN CONNECTIONS 
ML2111 

20-PIN DIP 

LPA 

SPA 

N/AP/HPA 

INVA 

SIA 

SAl. 

VA+ 

VD+ 

LSh 

CLKA 

TOPVIEW 

ML2111 
20-PIN SOIC 

LPA 

SPA 

N/AP/HPA 

INVA 

SIA 

SAl. 

VA+ 

Vo+ 

LSh 

ClKA 

TOP VIEW 

LP. 

SP. 

N/AP/HP. 

INV. 

51. 

AGNO 

VA-

VD-

SO/IOO/HOLD 

CLK. 

LPB 

BP. 

N/APIHP. 

INV. 

51. 
AGNO 

VA-

Vo-

, SO/I DO/HOLD 

ClK. 
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PIN DESCRIPTION 
PINNa. NAME FUNCTION 

lPA lowpass output for 
blquad A. 

2 BPA Bandpass output for 
biquad A. 

3 N/AP/HPA Notch/allpass/highpass 
output for biquad A. 

4 INVA Inverting input of the 
summing op amp for 
biquadA. 

5 51A Auxiliary signal input pin 
used in modes la, ld, 4, 
5, and 6b. 

6 5A/B Controls 52 input 
function. 

7 VA+ Positive analog supply. 

8 Vo+ Positive digital supply. 

9 l5h Reference point for clock 
input levels. logic 
threshold typically l.4V 
above l5h voltage. 

10 ClKA Clock input for biquad A. 
11 ClKB Clock input for biquad B. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
IvA+I, Ivo+I-lvrl, Ivo-I ....................... 13V 
VA+,Vo+toLSh .................................. 13V 

Inputs .............. lvA+, Vo+I+0.3Vto IVA-, Vo-l-o.3V 
Outputs ............ IVA +, Vo + I +0.3Vto IVA -, Vo-I-O.3V 
IVA+ltolvo+I ................................... ±O.3V 
Power Dissipation ................................ 750mW 
Storage Temperature Range ................. - 65°C to 150°C 
Lead Temperature (soldering, 10 sec) .................. 300°C 

ELECTRICAL CHARACTE RISTICS 

PINNa. NAME FUNCTION 
12 50/100/HOLD Input pin to control the 

clock to center 
frequency ratio of 50:1 or 
100: 1, or stops the clock 
to hold the last sample of 
the bandpass or lowpass 
outputs. 

13 Vo- Negative digital supply. 
14 VA- Negative analog supply. 
15 AGND Analog ground. 
16 51B Auxiliary signal input 

used in modes 1 a, 1 d, 4, 
5, and 6b. 

17 INVB Inverting input of the 
summing op amp for 
biquad B. 

18 N/AP/HPB Notch/allpass/highpass 
output for biquad B. 

19 BPB Bandpass output for 
biquad B. 

20 lPB lowpass output for 
biquad B. 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML2111 BCP, ML2111CCP, 
ML2111 BCS, ML2111CCS .................... O°Cto 70°C 
ML2111BIJ,ML2111C1) .................. -4O°Cto +85°C 
ML2111 BM), ML2111CM) .............. -55°Cto + 125°C 

SupplyVoltageRange .................... ±2.25Vto ±6.0V 

Unless otherwise specified TA - TMIN to TMAX, VA+ -Vo+ -5V± 10%, VA - -Vo- - -5V± 10%, CL -25pF, VIN-l.41VPK 
(1.00 VRMS), Clock Duty Cycle 45% to 55%. 

PARAMETER CONDITIONS UNITS 
Filter 
fo, Center Frequency 5,6 Figure 15 (Mode 1) 
Maximum VIN = lVPK (.707 VRMS) 

QS50, QAccuracy s ±25% 100 100 kHz 
Qs20,QAccuracy s±15% 150 150 kHz 

fo, Center Frequency 5,6 Figure 15 (Mode 1) 
Minimum Qs50, QAccuracys ±30% 25 25 Hz 

QS20, QAccuracys ±15% 25 25 Hz 
fo, Temperature fcLK<5MHz -10 -10 ppm/oC 
Coefficient 
Clock to Center Q-lO 
Frequency Ratio Figure 15 (Mode 1) 

4 50:1, fcLK-5MHz 49.65 49.85 50.05 49.45 49.85 50.25 
4 100:1, fCLK-5MHz 99.60 100 100.40 99.20 100 100.80 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = T MIN to T MAl(, V A+ = Vo+ = 5V ± 10%, V A- = Vo- = -5V ± 10%, CL = 25pF, 
VIN = 1.41VPK (100 VRMS), Clock Duty Cycle 50% (Note 8). 

PARAMETER CONDITIONS 
Filter (Continued) 
Clock Frequency 5 Q:s 20, Q Accuracy :s ± 15% 2.5k 7.5M 2.5k 7.5M 

Clock Feedthrough 5 fclK:s5MHz 10 20 10 20 

Q Accuracy 4 fcLK~5MHz,Q~10 150:1 ±3 ±5 
Figure 15 (Mode 1) I 100: 1 +4 +8 

Q Temperature 5 fcLK<5MHz,Q~10 20 20 
Coefficient 

DC Offset 50:1, IClK~5MHz 
VaS2,3 4 SNB High 7 40 7 60 
VOS2, 3 4 SNBLow 7 40 7 60 

DC Offset 100:1, IClK~5MHz 
VaS2,3 4 SA/B High 14 60 14 100 
Vas 2, 3 4 SNB Low 14 60 14 100 

Gain Accuracy 
DC Lowpass 4 Rl ~20k, R2~2k, R3~20k 0.01 2 0.01 2 
Bandpass at 10 4 100: 1, 10 ~ 50kHz, Q ~ 10 1 4 1 6 
DC Notch Output 5 0.02 2 0.02 2 

Noise 7 Figure 15 (Mode 1) 
Q~l,Rl ~R2~R3~2k 

Bandpass, 100kHz, 50:1 103 103 
50kHz, 100:1 121 121 

Lowpass, 100kHz, 50:1 120 120 
50kHz, 100:1 150 150 

Notch, 100kHz, 50:1 115 115 
50kHz, 100: 1 135 135 

Figure 15 (Mode 1) 
Q~lO,Rl ~R3~20k,R2~2k 
Bandpass, 100kHz, 50: 1 262 262 

50kHz, 100: 1 333 333 
Lowpass, 100kHz, 50:1 268 268 

(Rl ~2k) 50kHz, 100: 1 342 342 
Notch, 100kHz, 50:1 64 64 

(Rl ~2k) 50kHz, 100:1 72 72 

Crosstalk IClK ~ 5MHz, 10 ~ 100kHz -50 -50 

Filter VA+ - VD+ - 2 25V VA- - VD- = -2 25V VIN = 0 707VPK (05 VRMS) , - - , - , 
fa, Center Frequency 5 Figure 15 (Mode 1) 
Maximum Q:S50, QAccuracy:s ±30% 75 75 

Q:S20,QAccuracy:s±15% 100 100 

fa, Center Freq uency 5 Figure 15 (Mode 1) 
Minimum Q:s 50, Q Accuracy:s ± 30% 25 25 

Q:s20, Q Accuracy:s ± 15% 25 25 

Clock to Center Q~lO 
Frequency Ratio Figure 15 (Mode 1) 

4 50:1, IClK~2.5MHz 49.65 49.85 50.05 49.45 49.85 50.25 
5 100:1, fclK~2.5MHz 99.60 100 100.40 99.20 100 100.80 

Clock Frequency 5 Q:s20,QAccuracy:s±15% 2.5k 5M 2.5k 5M 

QAccuracy 4 fcLK~2.5MHz, Q~ 101 50:1 ±4 ±8 

Figure 15 (Mode 1) 1100:1 ±3 ±6 

.~ Micro Linear 

UNITS 

Hz 

mV(p·p) 

% 

% 

ppm/DC 

mV 
mV 

mV 
mV 

% 
% 
% 

/,VRMS 
/,VRMS 
/,VRMs 
/,VRMS 
/,VRMs 
/,VRMs 

/,VRMS 
/,VRMS 
/,VRMS 
/,VRMs 
/,VRMS 
/,VRMs 

dB 

kHz 
kHz 

Hz 
Hz 

Hz 

% 

% 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = T MIN to T MAl(, V A+ = VD+ = 5V ± 10%, V A- = VD- = -5V ± 10%, Cl = 25pF, 
VIN = 1.41VPK (1.00 VRMS), Clock Duty Cycle 50% (Note 8). 

PARAMETER CONDITIONS 

, - - , - - , -
Noise 7 Figure 15 (Mode 1) 

Q-l,Rl-R2-R3-2k 
Bandpass, 100kHz, 50: 1 105 105 

50kHz, 100: 1 123 123 
lowpass, 100kHz, 50:1 122 122 

50kHz, 100: 1 152 152 
Notch, 100kHz, 50:1 117 117 

50kHz, 100: 1 138 138 

Figu re 15 (Mode 1) 
Q-l0,Rl-R3-20k,R2-2k 
Bandpass, 100kHz, 50: 1 265 265 

50kHz, 100: 1 335 335 
lowpass, 100kHz, 50: 1 270 270 

(Rl-2k) 50kHz, 100:1 245 245 
Notch, 100kHz, 50:1 65 65 

(Rl-2k) 50kHz, 100: 1 73 73 .. 
Operational Amphflers and Power Supply 

Vas DC Offset 4 2 15 2 15 

DC Open loop Gain RL-lk 95 95 

Gai n Bandwidth 2.4 2.4 
Product 

Slew Rate 2.0 2.0 

Output Voltage 5 RL-2k, IV! from VA+ orVA_ 0.5 1.2 0.5 1.2 
Swing 
(Clipping level) 

Output Short Circuit Source 50 50 
Current Smk 25 25 

Power Supply And Clock 

Supply Current 4 fCLK-5MHz 
(lA+)+(lO+) 13 22 13 22 
(lA-)+(lO-) 12 21 12 21 
ILSH 0.5 1 0.5 1 

VCLK Input Threshold 4 fCLK-5MHz low 0.6 0.6 
High 3.0 3.0 

5 fcLK<2.5MHz low 0.8 0.8 
High 2.0 2.0 

ClKA, ClKB Pulse 5,8 ClK High or Ilvo+ 1-IVo-1 ;;,;4.5V 100 100 
Width ClKlow IIVo+ 1-lvD-1 ;;,;9.0V 66 66 

UNITS 

!'VRMS 
!'VRMS 
!'VRMS 
!'VRMS 
!'VRMS 
!'VRMS 

!'VRMS 
!'VRMS 
!'VRMS 
!'VRMS 
!'VRMS 
!'VRMS 

mV 

dB 

MHz 

VI!'s 
V 

mA 
mA 

mA 
mA 
mA 

V 
V 
V 
V 

ns 
ns 

Nole 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to grOU'ld. 

Nole 2: -55°C to +125°e operating temperature range devices are 100% tested at temperature extremes with worst·case test conditions. ooe to 
70°C and -40oe to +85°e operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, 
sampling, or by correlation with worst-case test conditions. 

Nole 3: Typicals are parametric norm at 25°C. 
Nole 4: Parameter guaranteed and 100% production tested. 
Nole 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Center frequency is defined as the peak of the bandpass output. 
Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 750kHz which is 7.5 times the fo at 50:1 and 15 times 

the fo at 100:1. 
Nole 8: For best performance with fClK > 2.5MHz use a 50% duty cycle. 
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FUNCTIONAL DESCRIPTION 
POWER SUPPLIES 
The analog (VA +) and digital (VD +) supply voltage pins 
should be tied together and bypassed to AGND with at 
least a 0.1 fLF and a 0.01 fLF disc ceramic capacitor. If high 
digital noise exists, the supply pins can be bypassed sepa­
rately. The ML2111 positive analog and positive digital 
supply pins are internally connected by the IC substrate 
and should be biased from the same DC source. The 
ML2111 negative analog and negative digital supply are 
not connected internally, howeverthey should be biased 
from the same DC source and bypassed with at least a 
0.1 fLF and a 0.01 fLF disc ceramic capacitor. 

The ML2111 operates with a single supply from 4V to 12V 
and with split supplies from ± 2.0V to ± 6V. 

CLOCK INPUT PINS AND LEVEL SHIFT 
With dual supplies equal to or higher than ±4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGN D or VA - pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 15, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(10, 11) share the same level shift pin. 

50i100iHOLD (Pin 12) 
By tying pin 12 to (VA +, VD +) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGND potential), the ML2111 operates in the 100:1 
mode. The range of pin 12 without affecting the 100:1 
filter operation with total supply voltage of + 5V is 
2.5±0.5V; + lOV is 5V±0.5V. When pin 12 is tied to the 
negative supply pin, the filter operation is stopped and the 
bandpass and lowpass outputs act as an S/H circuit hold­
ing the last sample. 

Sl AI Sl BI (Pins 5 and 16) 
These are the auxiliary voltage signal input pins always con­
nected to one of the negative inputs of the voltage summer 
(the other negative input switches between LPo and AGND 
according to control pin SNB (pin 6). The positive input of 
the voltage summer is always connected to N/AP/HP pin of 
the corresponding section. They should be driven with a 
source impedance below 5k for fCLK < 2.5MHz and 1 k to 2k 
for fCLK >2.5MHz. The SlA, Sl B pins can be used to alter 
the clock to center frequency ratio (fCLKlfa) of the filter (see 
modes 1 b, 1 c, 2a, 2b) or to feedforward the input signal for 
all pass filter configurations (see modes 4 and 5). They can 

ML2111 

also be used, as in mode 1 d to· avoid the finite phase shift 
through the input amplifier, hence allowing higher operat­
ing frequencies. When these pins are not used, they should 
be tied to the AGND pin. 

SAiB (Pin 6) 
When SAiB is high, the S2 negative input of the voltage 
summer is tied to the lowpass output. When the SAiB pin is 
connected to the negative supply, the S2 input switches to 
ground. 

AGND (Pin 15) 
AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0.1 fLF and a 0.01 fLF disc ceramic 
capacitor. The positive inputs of the internal op amps and 
the reference point of the internal switches are connected 
to the AGND pin. 

felK/fo RATIO 
The ML2111 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fCLK/fa) ratio decreases 
and when the Qs are low. 

fo x Q PRODUCT RATIO 
The faxQ product of the ML2111 depends on the clock 
frequency and the mode of operation. For clock frequen­
cies below 5MHz, in mode 1 and its derivatives, the 
faxQ product is mainly limited by the desired fa and Q 
accuracy. For the same clock frequency and for the same 
Q value the fax Q product can be further increased if the 
clock to center frequency ratio is lowered below 50: 1. 

Mode 3, Figure 23, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 
The wide band RMS noise of the ML2111 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PE RFORMANCE CU RVES (Continued) 
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ML2111 

TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PE RFORMANCE CU RVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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ML2111 

FILTER FUNCTION DEFINITIONS 
Each filter of the ML2111 with an external clock and resis­
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1. Bandpass function: available at the bandpass output 
pins (2, 19), Figure 12. 

swalQ 
G(s) ~ HoBP , , 

s +(swaIQ)+wa 

HOBP~Gain at W~Wa 

fa~ Wa127r; fa is the center frequency of the com­
plex pole pair. fa is measured as the peak fre­
quency of the bandpass output. 

.Q~Quality factor of the complex pole pair. It is the 
ratio of fa to the - 3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 13. 

w' 
G(S)~HOLP a 

s' + s(WaIQ) + wb 

HOLP ~ DC gai n of the LP output. 

3. Highpass function: available only in mode 3 at the out­
put pins (3,18), Figure 14. 

s' G(s) ~ HOHP -,,---=----::-
s' + s(waIQ) + wb 

. fClK 
HOHP~galn of the HP output forf- 2 

4. Notch function: available at pins 3 (18) for several 
modes of operation. 

(s'+w'n) 
G(s) ~ (HON2) , , 

s +s(waIQ)+wa 

. fClK 
HON2 ~galn ofthe notch output forf- 2 

HONl ~ gain of the notch output for f-O 

fn ~Wn/27r; fn is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(18) for mode 4, 4a. 

G() H [s'-s(waIQ)+wbl 
5 ~ OAP 

5' + 5(WaIQ) + wb 

HOAP~gain of the all pass output for O<f< fCt 
For allpa5s functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re­
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fa. 
For high numerator Q's, the magnitude response will have 
a notch at fz. 

BANDPASS OUTPUT 

~ HOBP 1-----, .... 
Z 0.707 HOBP 1----+-1-\. 

~ 

IL 10 IH 
I(LOG SCALE) 

Q= ~;lo=v'fifH 
IH-IL 

IL=lo (2~ + V(2~)' +1) 

IH = 10 (2~ + V (2~ )' + 1) 

Figure 12 

LOWPASS OUTPUT 

~ HOPI:====~~ 2:: HOlP I, 
Z 0.707 HOLP f----+-"I.. 

~ I 
Ip Ie 

i(LOGSCALE) 

HOp=HoLPX F*'1 
~ 1 __ 1_ 
Q 4Q' 

Figure 13 

HIGH PASS OUTPUT 

- HOPI=====~~ ____ _ 
~ HOHP 
Z 0.707 HOHP 
;;: 
<.:l 

Ie Ip 
I(LOG SCALE) 

1e=lox [V(1- 2~') + V(1- 2~') \1 f' 
Ip=lox [V 1 - 2~' ] 

Hop=HOHPX F*'1 
~ 1 __ 1_ 
Q 4Q' 

Figure 14 
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ML2111 

OPERATION MODES 

Table 1. 1st Order Functions 

MODE PIN 2 (19) PIN 3 (18) fc fz 
6a LP HP fClK R2 

--x-
100(50) R3 

6b LP LP fClK R2 
--x-
100(50) R3 

7 LP AP fClK R2 
--x-

fClK R2 
--x-

100(50) R3 100(50) R3 

Table 2. 2nd Order Functions 

MODE PIN 1 (20) PIN 2 (19) PIN 3 (18) fo fN 
1 LP BP Notch fCLK fo 

100(50) 

1a LP BP BP fCLK 

100(50) 

1b LP BP Notch fCLK -V R6 felK -J R6 
100(50) x 1 + R5+ R6 100(50) x 1 + R5+R6 

1c LP BP Notch felK ~ felK ~ 
100(50) x R5 + R6 100(50) x R5+ R6 • 

1d LP BP fClK 

100(50) 

2 LP BP Notch felK R felK 
100(50) x + R4 100(50) 

2a LP BP Notch felK -J R2 R6 ,felK ";1 R6 
100(50) x 1 + R4 + R5+R6 100(50) x + R5+ R6 

2b LP BP Notch felK -JR2 R6 felK ~ 
100(50) x R4 + R5+R6 100(50) x R5 + R6 

3 LP BP HP felK .JH 
100(50) x R4 

3a LP BP Notch felK V* felK JW; 
100(50) x R4 100(50) x R;" 

4 LP BP AP felK 

100(50) 

4a LP BP AP 
fCLK -JrJ 

100(50) x R4 

5 LP BP C.Z fClK R felK n 
100(50) x 1 + R4 100(50) x 1 - R4 
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ML2111 

OPERATION MODES (Continued) 

There are basically three modes of operation: mode 1, mode 
2, mode 3. In the mode 1, Figure 15, the input amplifier is 
outside the resonant loop. Because of this, mode 1 and its 
derivatives (mode la, 1b, lc, 1d) are faster than modes 2 and 
3. The table below gives an approximation of the frequency 
range for each mode. 

Model' High Frequency Mode 

1, la, ld fa up to 150 kHz; Q up to 20" 
lb,1c fa up to 100 kHz; Q up to 30 

Mode 2 Flexible for Notches 

2, 2a, 2b fa up to 30 kHz; Q up to 30 

Mode 3 Most Flexible/ Low Component Count 

3,3a fa up to 30 kHz; Q up to 30 

• Q and fo have an Inverse relatIOnship This table is only an 
approximatIOn Actual performance depends on board layout and stray 
capaCItance. 

*' 15% of less Q deviation HlgherQ's can be realized With greater 
deViation 

Mode la, Figure 16, represents the most simple hook-up 
of the ML21 1 1 . Mode 1 a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, 
mode 1 a is not practical as it requires several clock fre­
quencies to tune the overall filter response. 

112 Ml2111 

R3 

Rl 
V,N --'lAI'v--6--l 

4(17) 

v* 

f -~'f -f'HoLP--]!;1'HoBP--]!;!'HoN - ]!;1'Q_]!;! 0- 100(50)' n- 0, - Rl' - Rl' 1-- Rl' - R2 

NOTE: ELECTRICAL TESTING IS PERFORMED 
WITH FOLLOWING RESISTOR VALUES: 
Q= 1 WITH Rl = R2= R3=2k 
Q= 10WITH Rl = R3=20k, R2 =2k 

Figure 15. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, lowpass 

Mode 1 a is a good choice when Butterworth filters are de· 
sired since they have poles in a circle with the same fa. 
Figure 31 shows an example of a 4th order 100kHz low­
pass Butterworth filter clocked at 5MHz. 

A monotonic passband response with a smooth transition 
band results, showing the circuit's low sensitivity, even 
though 1 % resistors are used which result in an approxi­
mate value of Q. 

Mode 1, Figure 15, provides a clock tunable notch. 
Mode 1 is a practical configu ration for second order clock 
tunable bandpass/notch filters. In mode 1, 9 bandpass out­
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. Figure 32 is an example of a 4th order 
bandpass filter implemented by cascading 2 sections each 
with a Q of 10. This figure shows the amplitude response 
when fCLK -7.5MHz resulting in a center frequency of 
150kHz and a Q of 15.5. 

Modes 1 band 1c, Figures 17,18 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre­
quency can be adjusted with an external resistor ratio. 

The clock to center frequency ratio range is: 

500 fCLK 100 50 
-;::-;::-or-'mode1c 

1 fa 1 1 ' 

100 50 fCLK 100 50 
-or-;::-;::--or--' mode1b 

1 1 fa .J2 .J2 ' 

The input impedance of the Sl pin is clock depend-
ent, and in general R5 should not be larger than 5k for 
fCLK <2.5MHz and 1 k to 2k forfCLK>2.5MHz. Mode 1 b 
can be used to increase the clock to center frequency ratio 
beyond 100:1. For this mode, the limit for the (fcLKifo) ratio 
is 500:1. Beyond this, the filter will exhibit large output off­
sets. Mode 1 d, Figure 19, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 150kHz can 
easily be achieved. Figure 33 is an example using mode 1 d 
of a 4th order filter where each section has a Q of 1 in­
dependent of resistor ratios. In this mode the input ampli­
fier is outside the damping (Q) loop. Therefore, its finite 
bandwidth does not degrade the response at high fre­
quency. This allows the amplifier to be used as an anti­
aliasing and continuous smoothing filter by placing a 
capacitor across R2. 

Modes 2, 2a, and 2b have a notch output which fre­
quency, fn' can be tuned independently from the center 
frequency, fa. For all cases, however, fn <fa. These modes 
are useful when cascading second order functions to cre­
ate an overall elliptic highpass, bandpass or notch re­
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode l' s. 
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OPE RATION MODES (Continued) 

v+ 

1/2 ML2111 

R3 

I ICLK' Q R3. H R3. 
o = 100(50)' = IU' OBPl = - lU' 

HOBP2= l(NONINVERTING);HOLP= -1 

LP 
1(20) 

Figure 16. Mode la: 2nd Order Filter Providing 
Bandpass, Lowpass 

R6 R5 

R3 

R2 

112 ML2111 

R6 

R3 

R2 

1 - ICLK ~1+ R6 .1 I 'Q_ R3 r.1 + 116. 
0- 100(50) V I.,. R5+R6' n= 0, - iUV' T ·R5+R6' 

Ml2111 

R5 

Figure 17. Mode lb: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 

112 ML2111 

I ICLK ~'I I. R3~. 
0:: 100(50) VR!f+-rf6' n = 0, Q = iUVRs+1i6' 

Figure 18. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

R3B R3A 

112 ML2111 

LP 
1(20) 

ICLK . R3A. R2 
10= 100(50),Q=1+ R3s'HOBP= - IITxQ 

HOlP= - ~iVN= - ~VIN 

Figure 19. Mode ld: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater or Equal to 1 
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OPERATION MODES (Continued) 

Rl 
VIN-.J\I\IIr--¢--I 

4(17) 

R4 

R4 

R3 

112 Ml2111 

lP 
1(20) 

I ICLK J;IU'I lelK. Q R3 ~R2. H - R2/Rl 
o ~ 100(50) V' + R4' n ~ 100(50)' ~ lUV' + R4' OlP ~ 1 + (R2/R4) 

HOBP~ - R3/Rl; HON1(I-O) ~ 1: ~£~~) ; HON2 (1- I'iK) ~ - R2/Rl 

Figure 20. Mode 2: 2nd Order Filter Providing Notch, Bandpass, lowpass 

112 Ml2111 

RG R5 

R3 ..". 

3-98 

I-~V ~ ~'I-~V ~'Q-!!1V ~ ~ 
0- 100(50) 1 + R4 + R5 + R6' n - 100(50) 1 + R5 + R6' - R2 1 + R4 + R5 + R6 

1- -_ ~ I 1 + R6/(R5 + R6) I . (1- IClK) - - I 
HON1( 0)- Rl 1 + (R2iR4)+ [R6i(R5+R6») ,HON2 2 - R2 Rl 

• -R2iRl 
HOBP ~ - R3iRl, HOlP ~ 1 + (R2iR4) + [R6i(R5 + R6») 

Figure 21. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, lowpass 

R4 

RG 

R3 .". 

R5 

BP 
2(19) 

112 Ml2111 

lP 
1(20) 

I feLK VR2 RG. I felK. ~. Q R3VR2 RG 
o ~ 100(50) R4 + R5 + R6' n ~ 100(50) VR5+R6' ~ lU R4 + R5 + R6 

1- - -~ I R6/(R5+ R6) \. H (1- ICLK) ~ - IR HON1( 0) - Rl (R2/R4) + [R6/(R5+ R6)] ,ON2 2 R2 1 

Figure 22. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 23, a single resistor ratio (R2/ R4) can tune 
the center frequency below or above the fClK/1OO (or fClK / 
50) ratio. Mode 3 is a state variable configuration since it 
provides a high pass, bandpass, lowpass output through pro­
gressive integration; notches are obtained by summing the 
high pass and lowpass outputs (modes 3a, Figure 24). The 

notch frequency can be tuned below or above the center 
frequency through the resistor ratio (Rh/ RI). Because of this, 
modes 3 and 3a are the most versatile and useful modes for 
cascading second order sections to obtain high order elliptic 
filters with frequencies up to 30 kHz. 

1/2 ML2111 

R4 

R3 

R2 
HP SlA":" BP LP 

t---""""I\r--~3(18) 5(1&) 2(19) 1(20) 

R1 
VIN~W ...... -6--I 

4(17) 

Figure 23. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, Lowpass 

112 ML2111 

R4 

R3 

R2 
LP 
1(20) 

Rg 

fo= 1~~~:0) ~;fn= 1~~~:0)~; HOHP= - R2iR1; HOBP= - R3iR1, HOLP= - R4iR1 

NOTCH 

Figure 24. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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OPE RATION MODES (Continued) 

3-100 

Rl =R2 
VIN--'\;¥or-O-I 

4(17) 

112 ML2111 

R3 

R2 

10= 1~~~;0);Q=~;HOAP=-P,;HOLP=-2;Ho.p=-2 (~) 

LP 
1(20) 

Figure 25. Mode 4: 2nd Order Filter Providing All pass, Bandpass, Lowpass 

Rl 
VIN ..... -'VIIIr--6-! 

4(17) 

112 ML2111 

R4 

R3 

R2 

I -~.~. -~.~. -!!'>'H =-~·H =-~'H =_M 0- 100(50) VR4,Q- R2Vi4' HOAP 2R' OHP Rl' OBP Rl' OLP R1 

Figure 26. Mode 4a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Allpass 
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OPE RATION MODES (Continued) 

112 Ml2111 

R4 

Rl 

I -~ ~'I -~. CRi.Q_!!J ~ 
0- 100(50) V' +R4' z- 100(50) V ' -R4' - R2 V' + 114 

Qz = !!J ~. HOZ(I-O) = (R4/R1) -1. Hoz (1- IClK) -]!;!. 
R1V'- R4' (R4/R2)+1' 2 - R1' 

_!!J ( ]!;!). _ 1 + (R2/R1) 
HOBP - R2 1 + R1 ,Hotp - 1 + (R2/R4) 

Figure 27. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, lowpass 

112 Ml2111 

R3 

R2 

1(20) 

Ie = 1~~~~0~!1; HOLP' = 1; HotP2 = -M 

LP 
1(20) 

Figure 29. Mode 6b: 1 st Order Filter Providing lowpass 

ML2111 

112 Ml2111 

Rl 

1(20) 

fcLK R2 
Ie = 100(50) Rl ; Hotp = - Rl/R1; HOHP = - R2/R1 

Figure 28. Mode 6a: 1st Order Filter Providing Highpass, 
low pass 

112 Ml2111 

Rl 

R2=R1 

1(20) 

Hotp=2X~ 

I InK R2 I IClK R2 IClK 
p= 100(50)Rl; z= 100(50)Rl;GAINATOUTPUT=1FORO"I"~ 

Figure 30. Mode 7: lst Order Filter Providing Allpass, 
lowpass 
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OPERATION MODES (Continued) 

F------1i--VOUT 

( Ql =0.541 
_ 5V Q2 = 1.302 

1 % RESISTOR VALUES 
(ACTUAL VALUES USED) 

R21=37460 R22=1996(l 
R31 = 20030 R32 = 26040 

-10 

-20 

; -30 

z 
;;;-40 

'" :l 
;£>-50 

-60 

-70 

-80 

10k 

~101777HZ 
-3.058d8 

lOOk 
FREQUENCY (Hz) 

"-

'" '\. 

Figure 31. 4th Order, 100kHz Lowpass Butterworth Filter Obtained by Cascading 2 Sections in Mode 1a 

1 LPA LP. 
20 

R31 
2 BPA 19 R32 

BP. 
R21 

3 NA 18 R22 

Rll 
N. 

Y,N 4 1NVA 2.82Vp-p 
(lVRMS) 

5 SlA 

+5V 
':' 

6 SAiB 

7 VA+ 

8 VD+ 

9 LSh 
':' 

10 CLKA 

CLK 
7.5MHz 

RESISTOR VALUES 
Rll = 20kO R12 = 20kO 
R21 =2kO R22=2kO 
R31 = 20kll R33 = 20kO 

Your 

0 

R12 
-10 

-20 

-30 

Q1=Q2=10 ~-40 
z 
~-50 
.... 
:l 
;£>-60 

-70 
,/ ..., -

-80 

-90 

10k 

1i~ 

I \ 
/ \ 

V 

V 

lOOk 
FREQUENCY (Hz) 

r-.-149 871 Hz 
-0.031dB 

1\ 
'\ 

...... 

r-. 

Figure 32. Cascading Two Sections in Mode 1, Each With Q = 10 Results in a Bandpass Filter with Q = 15.5 and 
fo = 150kHz (fcLK = 7.5MHz) 
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OPERATION MODES (Continued) 

lP.F2:;:.0-------t-VOUT 
19 

BP. 
18 R22 R12 N.F+""" ............ w ....... 

INV. 1-'1.:...7 +-_--' 
16 

SI. 

AGND 15 

140:-
VA- -5V 

13 
VD-

50/100 12 + 5V 

ClK. 
11 

RESISTOR VALUES 
Rll: R21 : R12: R22: 2.0kO 

-10 

- 20 

$-30 
:!< 

t-40 

6- 50 
> 

-60 

-70 

-80 

10k 

~ 

lOOk 
FREQUENCY (Hz) 

ML2111 

_166224Hz 
-3.121dB 

'" ~ 
r--

1M 

Figure 33. Cascading Two Sections in Mode ld, Each With Q = 1 (Independent of Resistor Ratios) Creates a Sharper 4th 
Order Lowpass Filter 

R24 

Y,N R31 

2.82Vp_p R32 

R34 

+5V 

1 lPA lP. 
20 

2 BPA BP. 
19 

3 NA 18 R21 
N. 

4 INVA INV. 
17 

-5V 

+5V 

ClK. 

1 % RESISTOR VALUES 
R21: R22: R23: R24:2k 
R32 :4.9k 
R34: 1000 
R31 :80k 

VOUT 

R22 R23 

REF LEVEL .... Dly 
•. eeedB 5.-" 

NAMCER I ~ .7 •. eeeHa 
14AIiO(UOF') -52.24" 

iii:::!! IIII.!:ii 
~ Pill 
~ 

r~ 

C ENTER •• "'11:::. .:::I. SPAN ..... eeeHa 
AMP TO t ..... y 

fCLK = 6.5MHz 

Figure 34. Notch Filter with Q = 50 and fo = 130kHz. This Circuit Uses Side A's Biquad in Mode ld and the Side B Op 
Amp to Create a Notch Whose Depth is Controlled by R31. The Notch is Created by Subtracting the Bandpass from VIN' 
The Bandpass of Side A is Subtracted Using the Op Amp of Side B. 
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OFFSETS 
Switched capacitor integrators generally exhibit higher in­
put offsets than discrete R, C integrators. 

(Notch and LP) depend on the mode of operation and ex­
ternal resistor ratios. Table 3 illustrates this. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall budget. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

Figure 35 shows half of the ML2111 filter with its equiva­
lent input offsets Vasl, Vas2, Vas3· 

1. The Q's decrease 
2. The ratio (fclIdfo) increases beyond 100:1. This is done 

by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 

The DC offset at the filter bandpass output is always equal 
to Vas3. The DC offsets at the remaining two outputs 

Figure 35. Equivalent Input Offsets of 1/2 ML2111 Filter 

Table 3 

VOSN 
MODE PIN 3 (18) 

1,4 Vos,[(1/Q) + 1 +IIHOLPII]-Vos3/Q 
1a Vos,[l + (1/Q)]-Vo s3/Q 
1b Vos,[(1/Q) + 1 +R2/Rl]-VOS3/Q 
lc VOS,[(1 IQ) + 1 + R2/Rl]- Vos3 /Q 

ld Vos,[l +R2/R1] 
2,5 [Vos,(1 +R2/Rl + R2/R3+ R2/R4)-VOS3(R2/R3)] X 

[R4/(R2 + R4)] + V OS2 [R2/(R2 + R4)] 
2a [Vos,(1 +R2/Rl + R2/R3+ R2/R4)-VOS3 (R2/R3)] X 

[ R4(1 +k) ] +V [ R2 I'k=~ 
R2+R4(1 +k) 052 R2+ R4(1 +k)' RS+R6 

2b [Vos,(1 +R2/Rl + R2/R3+ R2/R4)-VOS3 (R2/R3)] X 

[ R4k I V [ R2 I'k R6 
R2+R4k + 052 R2+R4k ,= RS+R6 

3,4a VOS2 

ORDERING INFORMATION 

PART NO. 
ML2111BCP 
ML2111CCP 
ML2111BCS 
ML2111CCS 
ML2111BIJ 
ML2111C1J 
ML2111BMJ 
ML2111CMJ 

TEMPERATURE 
RANGE 

O°Cto 70°C 
O°Cto 70°C 
O°Cto 70°C 
O°Cto 70°C 
-40°Cto +8S oC 
-4Q°Cto +8SoC 
-SSOCto +12SoC 
-SSOCto +125°C 

VOSBP VOSLP 
PIN 2 (19) PIN 1 (20) 

VOS3 VOSN -VOS2 
VOS3 VOSN- VOS2 
VOS3 -(VOSN-VOS2) (1 + RS/R6) 
VOS3 (V V) (RS+R6) 

- OSN - 052 (RS + 2R6) 

VOS3 VOSN - V 052 - VOS3/Q 

VOS3 VOSN-VOS2 

VOS3 (V V) (RS+R6) 
- OSN- 052 (RS+2R6) 

VOS3 - (V OSN - VOS2) (1 + RS/R6) 

VOS3 ' [ R4 R4 R4] (R4 ) VOS' 1 +-+-+- -VOS2 -
R1 R2 R3 R2 

-VOS3(:~) 

PACKAGE 
Molded DIP 
Molded DIP 
MoldedSOIC 
MoldedSOIC 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 
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Data Communications 
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Selection Guide ............................................................................ 4-1 

Ml4621 Fiber Optic Data Quantizer .................................................... 4-2 

Ml4622 Fiber Optic Data Quantizer .................................................... 4-2 

Ml4651 10BASE-T Transceiver ............................................................ 4-10 

Ml4652 10BASE-T Transceiver ............................................................ 4-10 

Ml4654 10BASE-T Transceiver for Hubs ................................................ 4-26 

Ml4657 10BASE-T Transceiver with Autopolarity ...................................... 4-10 
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Ml4661 FOIRl Transceiver ................................................................ 4-36 
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.. Micro Linear Data Communications 

Selection Guide 

10BASE-T Transceivers 
Part Number Applications LED Outputs Autopolarity Package 1YJIes 

ML4651 Internal MAU 2 No 20 Pin Skinny DIP 
External MAU 

ML4652 Internal MAU 6 No 24 Pin Skinny DIP 
External MAU 28 Pin PLCC 

ML4657 Internal MAU 2 Yes 20 Pin Skinny DIP 
External MAU 

ML4658 Internal MAU 6 Yes 24 Pin Skinny DIP 
External MAU 28 Pin PLCC 

ML4654 HUB MAU 5 Yes 20 Pin Skinny DIP 
28 Pin PLCC 

Fiber Optic Quantizers 
--

Part Number Output lYpes Bandwidth Package 1YJIes 
-

ML4621 TTL, ECL 50 MHz min. 24 Pin Skinny DIP 
28 Pin PLCC 

ML4622 TTL, ECL 40 MHz min. 16 Pin Skinny DIP II 
16 Pin Narrow SOIC 

FOI RL Transceiver 
Part Number Applications LED Outputs Package 'JYpes 

ML4661 Internal MAU 5 28 Pin PLCC 
External MAU 
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GENERAL DESCRIPTION 
The ML4621 and ML4622 Data Quantizers are low 
noise, wideband, bipolar monolithic ICs designed 
specifically for signal recovery applications in fiberoptic 
receiver systems. They contain a two stage wideband 
limiting amplifier which is capable of accepting an 
input signal as low as 2mV with a SScjB dynamic range. 
This high level of sensitivity is achieved by using a DC 
restoration feedback loop which nulls any offset 
voltage produced in the limiting amplifier. 

The output stage isa high speed comparator circuit 
with both TTL and ECL outputs. An enable pin is 
included for added control. 

The Minimum Signal Discriminator circuit provides a 
Link Monitor function with a user selectable reference 
voltage. This circuit monitors the peaks of the input 
signal and provides a logic level output indicating 
when the input falls below an acceptable level. This 
output can be used to disable the Quantizer and/or 
drive an LED, providing a visible link status. 

The ML4621 is the most flexible Quantizer because of 
the additional nodes made available and a slightly 
higher bandwidth. The ML4622 is a reduced pin count 
version of the ML4621 with a slighly lower bandwidth 
and burst mode receive ability. 

ML4621 BLOCK DIAGRAM 

October 1990 
PRELIMINARY 

ML4621, ML4622 

Data Quantizer 
FEATURES 
• SOMHzminimum bandwidth (ML4621) for data 

rates of up to 100MBd 
• 40MHz minimum bandwidth (ML4622) for data 

rates up to 80MBd 
• Can be powered by either +SV providing TTL level 

outputs or -S.2V providing ECL levels 
• Low noise design: 

2SI1V RMS over SOMHz noise bandwidth 
• Adjustable Link Monitor function 
• Wide SSdB input dynamic range 
• iOns minimum input pulse 
• Low power design 
• Available in 16-pin SOIC (Narrow) or DIP (ML4622), 

24-pin Skinny DIP (ML4621) and 28-pin PLCC 
(ML4621) 

APPLICATIONS 
• IEEE 802.3 FOIRL Receiver 
• IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 
• IEEE 802.4 Fiber Optic Token Bus 
• Fiber Optic Data Communications and 

Telecommunications Receivers 

CFl CF2 VOUH VOUT- CMP+ CMP- ECL+ ECL-

V'N- -+-+-_--1 

Voe -+-t--....... -< 

VREF -+-+----1 

VTHAOI -+------1 

4-2 

TIL OUT 

'----<xt---------jr-- CMP ENABLE 

Vee 

GNO 

Vee TIL 

GNOTIL 

t--------------r-- ECL LINK MON 

t----------------j- TIL LINK MON 

INOM ISET CPEAK 
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ML4622 BLOCK DIAGRAM 

Voc -+-+-~ ........ c. 

VR" -+-+----1 

VrnADJ +-----1 

PIN CONNECTIONS 

ML4621 
24-Pin Skinny DIP 

Ea LlNKMON Vee 

mLlNKMON INOM 

CMP ENABLE ISET 

VIN+ CpEAJ( 

V'N- VR" 

Voc VJHADJ 

CF2 GND 

CFI moUT 

VOUT- Vee TTL 

VoUT+ GND TTL 

CMP+ ECL+ 

CMP- ECL-

lOP VIEW 

CFI CF2 

VIN+ 

V'N-

NC 

Voc 

CF2 

CFI 

VOUT-

ML4621, ML4622 

ECL+ ECL-

TTL OUT 

'---o<l-------+_ CMP ENABLE 

Vee 

GND 

GNDm 

I---------------t- TTL LINK MON 

ML4621 
28-Pin pee 

mLlNKMON 

CMP ENABLE INOM 
1 ECL LINK MON 

NC \ /vee • ISET 

4 3 2 I 28 27 26 

12 13 14 15 16 17 18 

ML4622 
16-Pin DIP or sOle (Narrow) 

EQ LlNKMON I GND 

NC 
CMP ENABLE VrH ADJ 

CPEAK V'N- VREF 

VREF CTiMER 

VntADJ Voc Vee 

GND 
moUT 

TTL OUT 
CFI ECL+ 

Vee TTL 

lOP VIEW 
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ML4621; ML4622 

PIN DESCRIPTION 
NAME FUNOION NAME FUNOION 

ECl LINK MaN ECl Link Monitor output. Signal is VDe An external capacitor on this pin 
low when the VIN+, VIN- inputs integrates an error signal which 
exceed the minimum threshold, nulls the offset of the input 
which is set by a voltage on the amplifier. If the DC feedback loop 
VTHADJ pin. Signal is high when is not being used, this pin should 
the input signal level is below the be connected to VREF. 
threshold. CF2 A capacitor from this pin to 

TTL LINK MaN TTL Link Monitor output. Same ground controls the maximum 
logic function as ECl LINK MON. bandwidth of the amplifier to 
Capable of driving a 10mA lED accommodate lower operating 
indicator. This pin normally tied to frequencies. 
CMP ENABLE. CF1 The capacitor on this pin should 

CMP ENABLE A low voltage at this TTL input match the one on CF2. 
pin enables both the ECl and the VOUT- The negative output of the 
TTL outputs. A high TTL voltage amplifier, which is normally tied to 
disables the comparator output CMP-. 
with ECl+ hi~h, ECl- low, and TTL 

VOUT+ The positive output of the OUT high. 

VIN- This input pin should be 
amplifier, which is normally tied to 
CMP+. 

capacitively coupled to the input 
CMP+ This comparator input pin is an source or to ground. (The input 

resistance is approximately 8kO.) open base configuration which 

VIN+ This input pin should be 
relies on the DC bias of the 
amplifier output to establish the 

capacitively coupled to the input proper DC operating voltage. This 
source or to ground. (The input voltage should be reestablished if 
resistance is approximately 8kO.) filtering is implemented between 

CMP- This comparator input pin is an VOUT+ and CMP+. 
open base configuration which GND Negative supply. Connect to -S.2V 
relies on the DC bias of the for ECl operation, or to ground 
amplifier output to establish the for TTL operation. 
proper DC operating voltage. This 
voltage should be reestablished if VTHADJ This input pin sets the minimum 

filtering is implemented between amplitude of the input signal 

VOUT- and CMP-. required to cause the link 

ECl- The ECl comparator negative 
monitors to go low. 

output. VREF A 2.5V reference with respect to 

ECl+ The ECl comparator positive 
GND. 

output. CPEAK A capacitor from this pin to 

GND TTL The negative supply for the TTL 
ground determines the Link 

comparator stage. If the TTL 
Monitor response time. 

output is not necessary, con nect ISET Current into an internal diode 

GND TTL and Vee TTL to Vee. connected between this pin and 

Vee TTL The positive supply for the TTL 
GND is turned around and pulled 
from CPEAK' This pin is normally 

comparator stage. If the TTL connected to INOM. 
output is not necessary, connect 
GND TTL and Vee TTL to Vee. INOM Sets a current of approx. 12St.tA 

TTL OUT TTL data output. (Totem pole type 
when connected to ISET. 

output stage.) Vee Positive supply. Connect to 
ground for ECl operation, or to 
SV for TTL operation. 
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ABSOLUTE MAXIMUM RATINGS 
Vee - GND ....................................... -0.3 to +7.0 
Vee TTL - GND TTL .............................. -0.3 to +7.0 
Inputs/Output GND ........................ -0.3 to Vee +0.3 
Storage Temperature Range ................ -65°C to +150°C 
lead Temperature (Soldering 10 sec.) ................. +260°C 

ML4621, ML4622 

Absolute maximum ratings are those values beyond whICh the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

ML4621 ELECTRICAL CHARACTERISTICS 
Over recommended operating conditions of TA = O°C to 70°C, Vee = 5V ± 5%, GND = OV unless otherwise noted. 

SYMBOL PARAMETER MIN lYP MAX UNITS CONDITIONS 

lee1 Vee Supply Current 65 100 mA Vee TTL = GND TTL = Vee 

lee2 Vee Supply Current 70 110 mA Vee TTL = Vee 
(TTL Out Enabled) GND TTL = GND 

IVREf VREF Output Current -5.0 0.5 mA 

VREF Reference Voltage 2.45 2.55 2.65 V 

Av Amplifier Gain A1 A2 75 VIV VIN = 5mV 

VIN Input Signal Range 2 1400 mVp_p 

VTHADJ External Voltage at VTHADJ 1 2.5 V 
Range to set VTH 

Vos Input Offset 3 mV VDe = Vm (DC loop inactive) 
-

EN Input Referred Noise 25 flV 50MHz BW 
-- ---. -

BW 3dB Bandwidth 50 65 MHz 
.. _-" 

VIN PW Min Input Pulsewidth 10 ns 

RIN Input Resistance 8 kO VIN+, VIN-

tpD AMP Amplifier Propagation Delay 4 8 ns From VIN+, VIN- to VOUT+, Vou, 
VIN = 10mVp_p 

tpD ECl ECl Comparator Propagation Delay 4 8 ns From CMP+, CMP- to ECl+, ECl-
VIN = 10mVp_p 

tpD TTL TTL Comparator Propagation Delay 4 8 ns From ECl+, ECl- to TTL OUT 
VIN = 10mVp_p 

RVTHADJ Input Resistance of VTHADJ 6.8 kO 

1VOUT Output Current of VOUT+ and Vou, 3 mA 

leMP leakage Current of CMP+ and CMP- 25 flA 

VCMeMP Common Mode Range of GND + 2.0 Vee - 1.0 V 
CMP+ and CMP-

ECl VOH Output High Voltage at ECl +, ECl- 3.94 4.30 V With 2000 load tied to Vee - 2V 
TA = 25°C 

ECl VOL Output low Voltage at ECl+, ECl- 3.11 3.38 V With 2000 load tied to Vee - 2V 
TA = 25°C 

Av ECl ECl CMP Gain 100 VIV 

TTL VOH 2.4 V Vee TTL = 5'1. IOH = -50flA 

TTL VOL 0.4 V Vee TTL = 5'1. IOL = 2mA 

TTL VIH 2.0 V 

TTL VIL 0.8 V 

TTlllH -50 50 flA VIH = 2.4V 

TTL IlL -1.6 0 mA VIH = O.4V 

INOM 125 flA INOM = ISET 
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ML4621, ML4622 

ML4622 ELECTRICAL CHARACTERISTICS 
Over recommended operating conditions of TA = O°C to 70°C, Vee = SV ± 10%, GND = OV unless otherwise noted. 

SYMBOL PARAMETER MIN lYP MAX UNITS CONDITIONS 

ICC1 Vcc Supply Current 25 40 mA GND TTL = Vcc 
(TTL Output Disabled) 

ICG V cc Supply Current 45 65 mA GND TTL = GND 
(TTL Output Enabled) 

VREF Reference Voltage 2045 2.55 2.65 V 

IVREF VREF Output Current -5.0 0.5 mA 

Av Amplifier Gain A1 A2 75 VIV Y,N =.SrnV 

Y,N I nput Signal Range 2 1400 mVp_p 

VTHADJ External Voltage at VTHADJ 0 2.5 Y 
Range to set VTH 

Vos Input Offset 3 mV VDC = VREF (DC loop inactive) 

EN Input Referred Noise 25 fiV 50MHz BW 

BW 3dB Bandwidth 40 55 MHz 

Y,N PW Min Input Pulsewidth 10 ns 

R'N Input Resistance 5 kO VIN+, V,N-

IVuIA!)1 Input Bias Current of VTHADJ -40 40 fiA 

11'1l11l Propagation Delay 12 24 ns From V,N+, V,N- to TTL Out 
Y,N = 10mYp_p 

tpDECL Propagation Delay 8 16 ns From V,N+, V,N- to ECL +, ECL-
Y'N = 10mVp_p 

TTL VOH 204 V Y cc TTL = 5V, 10H = -SOfiA 

TTL VOL 0.5 V V cc TTL = 5V, IOL = 2mA 

TTL V,H 2.0 V 

TTL V,L 0.8 V 

TTL I'H -50 50 fiA V,H = 2AV 

TTL IlL -1.6 0 mA VIH = OAV 
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FUNCTIONAL DESCRIPTION 
AMPLIFIER 

The Quantizers have a two stage limiting amplifier with 
an input common mode range of (GND + 1.8V) to 
(Vee - l.5V). Maximum sensitivity is achieved through 
the use of a DC restoration feedback loop and AC 
coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about 1.9y' 
These coupling capacitors, in conjunction with the 
input impedance of the amplifier, establish a high pass 
filter with a 3dB corner frequency, fl.J at 

1 
fL = (Ml4621) (1) 

2rr 8000 C 

1 
fL = (Ml4622) 

2rr 5000 C 

Since the amplifier has a differential input, two 
capacitors of equal value are required. If the signal 
driving the input is single ended, one of the coupling 
capacitors can be tied to Vee as shown in figure 1. The 
high corner frequency can also be adjusted by 
attaching capacitors to CFl and CF2. The equation for 
adjusting this corner is 

1 
fH = 2rr 425 C (2) 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vas in figure 2. In order 
to reduce this error a DC feedback loop is 
incorporated. This negative feedback loop nulls the 
offset voltage, forcing Vas to be zero. An external 
capacitor at VDe is used to store the offset voltage. 
Although the value of this capacitor is non-critical, the 
pole it creates can effect the stability of the feedback 
loop. To avoid stability problems using the Ml4621, the 

~~.lpFI-V"'::IN':""+-+-_-l 
+5V 

y~VI::.:N--+-+"""-I 
O.lpF 

ML4621, ML4622 

Figure 2. 

value of this capacitor should be at least 100 times 
smaller than the input coupling capacitors. On the 
Ml4622 the input coupling capacitors should be 100 
times smaller than the VDe capacitor. 

On the Ml4621, the output of the amplifier is isolated 
from the comparator and made available to the user. 
This allows the user to add circuitry between the 
amplifier and the comparator for wave shaping and 
other signal conditioning as desired. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECl 
comparator is used to provide the ECl level outputs 
and in turn drives the TIL comparator. The enable pin, 
CMP ENABLE, is provided to control the ECl 
comparator. When CMP ENABLE is low the comparators 
function normally. When it's high, it forces ECl+ high, 
ECl- low, and TIL OUT high. On the Ml4622 when 
CMP ENABLE is high, it forces ECl + low, ECl- high, and 
TIL OUT low. The CMP ENABLE pin c;an be controlled 
with TIL level signals when the Quantizer is powered 
by 5V and ground. 

+5V 

TTL OUT 

CMP ENABLE 
470 

+5V 

Figure 1. The Ml4621 Configured for 20MHz Bandwidth with TIL Output 
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LINK MONITOR (ML4621) 

This function is implemented by the Minimum Signal 
Discriminator and the Threshold Generator circuits. The 
purpose of this function is to monitor the input signal 
and provide a status signal indicating when the input 
falls below a preset voltage level. This is done by peak 
detecting the output of the amplifier section and 
comparing this level with the voltage at VTHADJ. 

The equation which 'determines the droop rate of the 
peak detector is 

dV = IISfT 

dt C 
(3) 

In this equation C is the peak capacitor at CPEAK. On 
the Ml4621 the droop rate of the peak detector can be 
adjusted two ways: 

1) By adjusting the value of the peak capacitor at CPEAK. 

2) By adjusting the charge current into the peak 
capacitor at ISfT. 

The charge current, IISfT, can be controlled externally 
by connecting a resistor, REXT, between IISfT and Vee. 
IISfT will then be 

Vee - 0.7 
IISfT = REXT + 1700 (4) 

For convenience, an on-chip current source of 12SpA is 
available by connecting INOM to ISfT. 

The Threshold Generator level shifts the reference 
voltage at VTHADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifier. The relationship between VTHADJ and VTH 
(the minimum peak voltage at the input which will 
trigger the Link Monitor) is: 

VTHADJ = 600VTH + 0.7 (5) 

The on-chip reference voltage, VREF, can be tied 
directly to VTHADJ to set the threshold level. This will 
set the minimum input signal on the Ml4621 at about 
3mV (peak). 

A lower threshold level can be set by dividtng down 
VREF with a resistor string, as in figure 3. 

VREF 

VrHADJ 

Figure 3. 

Since the Ml4621 has a relatively low input impedance 
of 6.BK and is offset by one diode drop, the equation 
which accounts for the load and offset is: 

R2(6800VREF + 0.7R1) 
VTHADJ = (8) 

6BOO(R1 + R2) + R1R2 

LINK MONITOR (ML4622) 

The ML4622 Link Monitor circuit operates slightly 
different than the Ml4621. Instead of using the droop 
rate of the peak detector to determine the time for the 
link monitor to shut off, the ML4622 uses both a 
threshold detector to measure the peaks and a timer to 
measure the time between the peaks. 

The equation which determines the time between 
peaks is: 

CPEAK x RpEAK 

4.3 

where soon < RpEAK < 200kO and RpEAK is in parallel 
with CPEAK 

The threshold generator level shifts the reference 
voltage at VTHADJ through a circuit that has a 
temperature coefficient matching the limiting amplifier. 
The relationship between VTHADJ and VTH (the 
minimum peak voltage at the input which will trigger 
the Link Monitor) is: 

VTHADJ = BOO VTH 

The on-chip reference voltage, VREF, can be tied 
directly to VTHADJ to set the threshold level. This will 
set the minimum input signal to about 6.5mV peak. 

A lower threshold level can be set by dividing down 
VREF with a resistor string, as in figure 3. 

THRESHOLD ADJUSTMENT EXAMPLE 

If you are using the ML4621 and you want the Link 
Monitor to trigger when the received optical power 
goes below 1pW (-3OdBm), you first need to calculate 
the resultant voltage at VIN+ and VIN-' If you are using 
the Hewlett-Packard HFBR-24X6 Fiberoptic Receiver with 
a responsitivity of BmVlpW, the peak-to-peak voltage 
would be: 

1pW x BmV/pW = BmVp_p 

So the Link Monitor should trigger at some point 
slightly lower than 4mV peak, say 3mV. Setting VTH in 
equation 5 to 3mV and solving for VTHADJ yields: 

VTHADJ = 600(.003) + 0.7 = 2.5V 

This is a convenient value since the reference voltage 
supplied by the Quantizer, VREF, is 2.SV. 

(9) 

The Link Monitor has about OAmV (peak) hysteresis 
built-in. The Ml4622 has about 1dB hysteresis built-in. 
More hysteresis can be induced by connecting a 
resistor between TTL LINK MON and VTHADJ creating a 
positive feedback loop. 

Refer to Micro Linear's Application Note 6 for more 
detail. 
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BURST MODE 

In some fiber optic links, the idle signal is DC, or of a 
frequency that is substantially different from the data. 
For these links, a faster response time of the DC loop 
and the Link Monitor is required. 

The ML4622 has been designed to accommodate these 
two requirements. The input coupling capacitors can 
be relatively small and still maintain stability. The 
smaller the input coupling capacitors are, the faster the 
DC loop response time is. The Link Monitor is also 
enhanced to have a faster response time. 

ORDERING INFORMATION 

PART NUMBER 

ML4621CP 
ML4621CQ 
ML4622CP 
ML4622CS 

TEMPERATURE 
RANGE 

DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 

'Micro Linear 

PACKAGE 

MOLDED DIP 
MOLDED PCC 
MOLDED DIP 
MOLDED SOIC 
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GENERAL DESCRIPTION 
The ML4651/ML4652/ML4657/ML4658 10BASE-T 
Transceivers are single chip cable line driver/receivers 
that provides all of the functionality required to 
implement both an internal and external IEEE 802.3 
10BASE-T MAU. These parts offer a standard IEEE 802.3 
AU interface that allows them to directly connect to 
industry standard manchester encoder/decoder chips 
or an AUI cable. 

These parts require a minimal number of external 
components, and fully conform to the IEEE 802.3 
10BASE-T standard. The differential current driven 
transmitter offers superior performance because of its 
highly symetrical switching. This results in low RFI 
noise and low jitter. 

The Transceiver easily interfaces to 1000 unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic impedances by simply 
changing one external resistor. Jabber, Link Test, and 
SQE Test are fully integrated onto the chip with 
enable/disable options. A polarity detection status pin, 
which can drive an LED, is provided for receive data, 
and the ML4657 and ML4658 offer automatic polarity 
correction. 

The ML4651 and ML4657 are available in a 20 pin 
skinny DIP. The ML4652 and ML4658 add four more 
pins which are used to drive network status LEOs. The 
ML4652 and ML4658 are available in 24 pin skinny DIP 
as well as a 28 pin PLCC. 

BLOCK DIAGRAM 

COl+ 
COl-

Rx+ 
Rx-

SQENILTD/JABO 

October 1990 PRELIMINARY 

ML4651, ML4652, 
ML4657, ML4658 

10BASE-T Transceiver 

FEATURES 
• Complete implementation of IEEE 802.3 10BASE-T 

Medium Attachment Unit (MAU) 
• Incorporates an AU interface for use in an external 

MAU or internal MAU 
• Single +5 volt supply ± 10% 
• No crystal or clock input 
• Current Driven Output for low RFI noise and low 

jitter 
• Capable of driving 1000 unshielded twisted pair 

cable or 1500 shielded twisted pair cable 
• Polarity detect status pin capable of driving an LED 
• Automatic Polarity Correction on the ML4657 and 

ML4658 
• On-chip Jabber logic, Link Test! and SQE test with 

enable/disable option 
• ML4652 and ML4658 provide six network status 

LED output pins 
• ML4651 and ML4657 are available in a 20 pin 

skinny DIP 
• ML4652 and ML4658 are available in a 24 pin 

skinny DIP or 28 pin PLCC 
• Semi-standard option using Micro linear's FB3651 

LAN Transceiver Tile Array 

+5V 

RTSET 

1-----+ TxTP+ 

L:;:'=;";'=~----I TxTP-
L-____ -+, TxCAPO 

'--------t--' TxCAPl 

RxTP+ 

r--r---I..B!&!1illJ-H-t RxTP-

JAB' 

BIAS 

* ML4652 & ML4658 ONLY 
.. ML4657 & ML4658 ONLY 
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PIN DESCRIPTION (DIP) 
PIN NO. 

ML4651 ML4652 

1 2 
2 3 

3 4 

4 5 
5 6 

6 7 

7 8 
8 9 

9 10 

10 11 

11 12 

13 

14 

12 15 
13 16 

14 17 

15 18 
16 19 

NAME 

CLSN 

COL+ 
COL-

FUNGION 

Indicates that a collision is taking place. Active low LED driver, open collector. 
Event is extended lOOms for visibility. 

Gated 10MHz signal used to indicate a collision, SQE test, or jabber. Balanced 
differential line driver outputs that meet AU interface specifications. AC or DC 
coupled. 

SQEN/LTD/JABD SQE Test Enable, Link Test Disabled, Jabber Disabled. This input uses four 
voltage levels to configure the chip as shown in Table 1. 

Table 1. SQEN/LTD/JABD Pin Configuration 

Pin SQE Test Link Test Jabber 

OV (GND) Disabled Enabled Enabled 
1.2V Disabled Disabled Disabled 
BIAS Enabled Disabled Enabled 

5V (Ved Enabled Enabled Enabled 

When link test is disabled, no link pulses are transmitted, and the transmitter 
and receiver will not be disabled as a result of a loss of receive link pulses. 
When Jabber is disabled the transmitter can transmit continuously without 
interruption, and the collision oscillator will not be activated. 

Rx+ Manchester encoded receive data output to the local device. Balanced 
Rx- differential line driver outputs that meet AU interface specifications. AC or DC 

coupled. 

Vee +5 Volt power input. 

Tx+ Balanced differential line receiver inputs that meet AU interface specifications. 
Tx- These inputs may be AC or DC coupled. When AC coupled, the BIAS pin is 

used to set the common mode voltage. Signals meeting the transmitter squelch 
input requirements are pre-equalized and output on TxTP+ and TxTP-. 

RTSET When using 1000 unshielded twisted pair, a 2200 resistor is tied between this 
pin and Vee. When using 1500 shielded twisted pair, a 3300 resistor is tied 
between this pin and Vee. 

RRSET A 1% 61.9KO resistor tied from this pin to Vee is used for internal biasing. 

POLRD Receive Polarity status. Active low LED Driver, open collector output. Indicates 
the polarity of the receive twisted pair regardless of auto polarity correction. 
When this pin is high, the receive polarity is correct, and when this pin is low 
the receive polarity is reversed. 

XMT Indicates that transmission is taking place on the TxTP+, TxTP- pair. Active low 
LED driver, open collector. It is extended lOOms for visibility. 

RCV Indicates that the transceiver has unsquelched and is receiving data from the 
twisted pair. Active low LED driver, open collector. It is extended lOOms for 
visibility. 

TxTP- Pre-equalized differential balanced current driven output. These outputs are 
TxTP+ connected to a balanced transmit output filter which drives the twisted pair 

cable through pulse transformers. The output current is set with an external 
resistor connected to RTSET allowing the chip to drive 1000 unshielded twisted 
pair, 1500 shielded twisted pair cables or a range of other characteristic impedances. 

GND Ground reference. 

TxCAP1 An external capacitor of 330pF is tied between these two pins to set the pulse 
TxCAPO width for the pre-equalization on the transmitter. If these two pins are shorted 

together, no pre-equalization occurs. 

'Micro Linear 4-11 
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PIN DESCRIPTION (DIP) (Continued) 

PIN NO. 
ML4651 ML4652 

17 

18 
19 

20 

20 

21 
22 

23 

24 

NAME 

LTF 

RxTP­
RxTP+ 

BIAS 

JAB 

PIN CONNECTION 

COL+ 

COL-

SQENILTD/IABD 

Rx+ 

Rx-

Vee 

Tx+ 

Tx-

RTSET 

RRSET 

4-12 

FUNUION 

Link Test Fail. Active high. Normally this pin is low, indicating that the link is 
operational. If the link goes down resulting from the absence of link pulses or 
frames being received, the chip will go into the Link Test Fail state and bring 
LTF high. In the Link Test Fail state, both the transmitter and receiver are 
disabled, however link pulses are still sent. A station that only has access to the 
AUI can detect a Link Test Fail by the absence of loopback. This pin is low 
when the Link Test is disabled. Open collector LED output. 

Twisted Pair receive data input. When this signal exceeds the receive squelch 
requirements the receive data is buffered and sent to the Rx+/- outputs. 

Bias voltage, output. Used to bias the receive twisted pair inputs as well as the 
Tx+/- inputs when they are AC coupled. 

Open collector TTL output capable of driving an LED. When in the Jabber state, 
this pin will be low and the transmitter will be disabled. In the Jabber "OK" 
state this pin will be high. 

BIAS 

RxTP+ 

RxTP-

LTF 

TxCAPO 

hCAP1 

GND 

TxTP+ 

TxTP-

POLRD 

TOP VIEW 

COL- CLSN BIAS 

SQENIIJDIIABD I COL+ I lAB I RxTP+ 

4 3 2 1 28 27 26 

NC 25 

Rx+ 

Rx- 23 

vee ML4652 
ML4658 

vee 21 

Tx+ 

Tx-

12 13 14 15 16 17 18 

! RRSET ! XMT I TxTP-! 

RTSET POLRD RCV TxTP+ 

TOP VIEW 

'Micro Linear 

COL+ 

COL-

SQENILTD/IABD 4 

RxTP-

LTF 

NC 

TxCAPO 

TxCAP1 

GND 

GND 

Rx+ 

Rx­

Vee 

Tx+ 

Tx-

RTSET 

TOP VIEW 

lAB 

BIAS 

RxTP+ 

RxTP­

LTF 

TxCAPO 

TxCAP1 

GND 

TxTP+ 

TxTP­

RCV 

XMT 



Ml4651, Ml4652, Ml4657, Ml4658 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Power Supply Voltage Range Supply Voltage (Vee) .............................. 5V ± 10% 
~ ............................................ ~~W LED on Current ....................................... 10mA 

Input Voltage Range RRSET ...................................•...... 61.9KO ± 1% 
Digital Inputs (SQEN, LTD) ..................... -0.3 to Vee RTSET ........................................... 2200 ± 1% 
Tx+, Tx-, RxTP+, RxTP- ........................ -0.3 to Vee TxCAP ................................................ 330pF 

Input Current ______ _ 
RRSET, RTSET, JAB, CLSN, XMT, RCV, LTF ............. 60mA 

Output Current 
TxTP+, TxTP- ........................................ 80mA 

Storage Temperature ....................... -65°C to +150°C 
Lead Temperature (Soldering 10 seconds) .............. 260°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = ooe to 70 0 e (Note 3), Vee = 5V ± 10% 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current lee (Note 4) Vee = 5V 140 mA 

LED Drivers: 
VOL RL = 5100 (Note 5) 0.8 V 

Transmit Peak Output Current RTSET = 2200 42 mA 
(Note 6) 

Transmit Squelch Voltage Level (Tx+, Tx-) -170 mV 

Differential Input Voltage (RxTP+, RxTP-) ±0.300 ±3.1 V 

Receiver Input Resistance 10 KO 

SQEN/LTD/JABD Input Resistance 12 KO 

Receive Squelch Voltage Level (RxTP+, RxTP-) 300 450 585 mV-p 

Differential Output Voltage (Rx+/-, COL +/-) ±550 ±1200 mV 

Common Mode Output Voltage (Rx+/-, COL +/-) 4.0 V 

Differential Output Voltage Imbalance (Rx+/-, COL +/-) 2 ±40 mV 

BIAS Voltage 3.2 V 

SQEN/LTD/JABD SQE TEST disabled .3 V 
All disabled 1.1 1.4 
Link Test disabled BIAS-0.15 BIAS+0.15 
All Enabled Vee-0.05V 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be Impaired. All voltages unless otherwISe 
specified are measured with respect to ground. 

Note 2: limits are guaranteed by 100% testing, samplmg, or correlation With worst-case test conditions. 
Note 3: Low Duty cycle pulse testing IS performed at TA. 

Note 4: This does not include the current from the AUI pull down resistors, the transmit pms TxTP+ and TxTP- or the LED output pins. 
Note 5: LED drivers can sink up to 20mA, but VOL will be higher. 
Note 6: This current will result In a 2.SV peak output voltage on unshielded twisted pair cable when connected through an external filter 

and transformer as shown in Figure 12. 
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Ml4651, Ml4652, Ml4657, Ml4658 

ELECTRICAL CHARACTERISTICS (Continued) 

AC ElEORICAl CHARAOERISTICS 

SYMBOL I PARAMETER MIN TYP MAX UNITS 

Transmit 

tTXNPW Transmit Turn-On Pulse Width 20 ns 

tTXFPW Transmit Turn-Off Pulse Width 180 ns 

tTxlP Transmit Loopback Startup Delay 100 ns 

tTxODY Transmitter Turn-On Delay 100 ns 

tTXSDY Transmit Steady State Prop. Delay 15 100 ns 

tTXJ Transmitter JItter ±2 ±3.5 ns 

Receive 

t RXODY Receive Turn-On Delay if Transmit is Idle 420 500 ns 

tRXTDY Receive Turn-On Delay if Transmit is Active 650 800 ns 

tRXFX Last Bit Received to Start Slow Decay Output 230 800 ns 

tRxSDY Receive Steady State Prop. Delay 15 100 ns 

tRXJ Receiver jitter ±0.7 ±1.5 ns 

tAR DIfferential Output Rise Time 20% to 80% (Rx+/-, COL +/-) 3 ns 

tN Differential Output Fall Time 20% to 80% (Rx+/-, COL +/-) 3 ns 

Collision 

tCPSQE Collision Present to SQE Assert 0 900 ns 

tTxRX Time for Loopback to Switch from Tx to RxTP During 0 900 ns 
a Collision 

tSQEXR TIme for SQE to Deactivate Given That RxTP Goes Idle 0 900 ns 
and TxTP Continues 

tSQEXT Time for SQE to Deactivate Given That TxTP Goes Idle 0 900 ns 
and RxTP Continues 

tClF Collision Frequency 8.5 10 11.5 MHz 

tClPDC Collision Pulse Duty Cycle 40 50 60 % 

t SQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.1 1.6 J1S 

tSQETD SQE Test Duration 0.5 1.0 1.5 /1S 

Jabber, Link Test and LED Timing 

tJAD jabber Activation Delay 20 70 150 ms 

tJRT jabber Reset Unjab Time 250 450 750 ms 

tjSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns 

tllT Link Loss Time 50 95 150 ms 

tLTN Link Test Pulse Receive Minimum Time 2 4.2 7 ms 

tlTX Link Test Pulse Receive Maximum Time 25 70 150 ms 

tTlP Link Test Pulse Repetition Rate 8 16 24 ms 

tlTPW Link Test Pulse Width 85 100 130 ns 

tlEDT XMT, RCV, CLSN On Time 30 100 300 ms 

4-14 
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TIMING DIAGRAMS 

Tx+ 

Tx-

----->-
TxTP+ 

TxTP-

Rx- ~->-
Rx+ 
-----( 

Figure 1. Transmit and Loopback Timing 

III 
RxTP+ 

RxTP-

tRXTDY 

Rx+ 
-----( 

Rx-

Figure 2. Receive Timing 
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TIMING DIAGRAMS (Continued) 

TXTP+=X: X VAliD X DAV< X X X TxTP-

RxTP+ 

RxTP-

COL+ 

COL-

Rx+ 

X X X Tx Tx RxTP RxTP RxTP 
Rx-

RxTP+ ===x- X VAlID X DATA X X X x::::= RxTP-

TxTP+ 

P-b X X x::::= X DArA 
TxTP-

X X x::::= COL+ X CSO 
COL-

Figure 3. Collision Timing 

RxTP+ ~>--_______________________ _ 
RXTP---"I 

TxTP+ =x------ r--) __________ _ 
VALID X DATA X X ) 

TxTP- . . . '--_-J. '-. __ ..J. 

!--tSQEXR--I 
::~:=x CSO d-------------------

:~~ Tx X Tx X Tx Xr~T:;X ----)~--------

Figure 4. Collision Timing 
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Ml4651, Ml4652, Ml4657, Ml4658 

TIMING DIAGRAMS (Continued) 

TXTP+=:> 

TxTP- i 
RxTP+ .=::x 

VALID X DMA X X ) 
RxTP-

~tSQm=1 
::~~=x CSO >C:::J 

Rx+ X RxTP RxTP X RxTP X RxTP X RxTP ) 
Rx-

l _____ tCl,...-------.' -

::~~----------«======* ...... __ -'X'-__ ....J)-- - - - - - - - --- II 
Figure 5. Collision Timing 

TxTP+ --0 t 
TxTP- -----(VAliD DATA e-tSQETD~1 

tSQEOY 

COL+ 

----------« CSO )>---
COL- . . 

Figure 6. SQE Timing 

Tx+ c:::x VALID X DATA ) 
~tIAD -I L-tln ~I 

VALID I DATA 

Tx-

TxTP+ 

~ t=tISQE 

J < CSO 

TxTP-

COl+ 

COl------------"\.----=~-----' 

Figure 7. Jabber Timing 
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TIMING DIAGRAMS (Continued) 

4-18 

RECEIVER FRAME 
RxTP+ ----~v-v » ____________ _ 
RxTP- ____ ~A__.J\ _ 

LINK PULSE I 
RxTP+ r-----
------------~>----------------

RxTP-

lTF 

RxTP+ 

RxTP-

lxTP+ 

TxTP-

f.ol_I------tLlT·----~"1 
i-:I T""RAC:-:N::7SM:-;::n~, R:;;ECO;-:EI:'::'VER 

LOOPBACK DISABLE 

----------------------~ 

I- tLTN, tnx "I 
( > ( '--~»---
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SYSTEM DESCRIPTION 
Figure 10 shows a typical block diagram of an external 
10BASE-T transceiver interface. On one side of the 
transceiver is the AU interface and the other is the 
twisted pair. The AU interface is AC coupled when used 
in an external transceiver or can be AC or DC coupled 
when used in an internal transceiver. The AU interface 
for an external transceiver includes isolation 
transformers, some biasing resistors, and a voltage 
converter for power. 

The twisted pair side of the transceiver requires 
external transmit and receive filters, isolation 
transformers, and terminating resistors. These 
components can be obtained in a single hybrid 
package from suppliers listed in figure 12. The 
transm!tte.r sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of the sMHz component so that 
at the receiving end both the sMHz and 10MHz 
components have the same amplitude. The external 
transmit filter smooths the edges of the signal before 
passi ng it onto the twisted pai r. 

The receive pair side of the transceiver accepts the data 
after it passes through the isolation transformer and the 
receive low pass filter. Since this is an AC coupled 
input, the Bias pin is used to set the proper common 
mode voltage for the receive inputs. A pair of 500 
resis~ors correctly terminate the receive pair and 
proVide a common mode for the Bias voltage 
connection point. 

+sv 

! 
Vee 

roo TxIN+ 
TxTP+ 

L 
TxIN-

TxTP-
390 

~II 
390 

~ CI 

COL+ 

COL-

1= 
RxTP+ 

3600 

BIAS 
3600 

~DI 
RxOUT+ 

RxTP-

RxOUT-=:=311 
3600 

GNO 

>----' 1 
3600 

Ml4651, Ml4652, Ml4657, Ml4658 

AU INTERFACE 

The AU interface consists of 3 pair of signals, ~O, CI 
and 01. as shown in Figure 10. The DO pair contains 
transml~ data from the OTE which is received by the 
transceiver and sent out onto the twisted pair. The 01 
pair contains valid data that has been either received 
from the twisted pair or looped back from the DO and 
?utput through the 01 pair to the OTE. The CI pair 
indICates whether a transmit based collision has 
occurred. It is an output that oscillates at 10M Hz. CI 
pair is also used for Jabber and SQE Test. 

The transce!ver. may be AC or DC coupled depending 
on the application. For the AC coupled interface, the 
DO Input must be DC biased (shifted up in voltage) for 
the proper common mode input voltage. The BIAS pin 
serves this purpose. When DC coupled, the manchester 
encoder/decoder transmit output pair provides this 
common mode voltage and the Bias pin is not 
connected. 

The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. They provide a point to connect 
the common mode bias voltage, and they provide the 
proper matching termination for the AUI cable. The CI 
and 01 pair, which are output drivers from the 
transceiver to the AUI cable, require 3600 pull down 
resistors when terminated with a 780 load. However on 
a ~TE card, .CI and 01 do not need 780 terminating 
resistors. ThiS also means that the pull down resistors 
on CI a~d 01 can be 1 KO or greater depending upon 
the partICular manchester encoder/decoder chip used. 

3 
i Ilq "m't 
l soo 

soo J 
Ilq om, t 

Figure 10. System Block Diagram 
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The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 3ns. The rise and fall times match to within 
1 ns. In the idle state, the outputs go to the same 
voltage to prevent DC standing current in the isolation 
transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the transmit twisted pair (TxTP+, 
TxTP-). A positive signal on the Tx+ lead relative to the 
Tx- lead of the DO circuit will result in a positive signal 
on the TxTP+ lead of the chip with respect to the 
TxTP- lead. 

Before data will be transmitted onto the twisted pair 
from the AU interface, it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the twisted pair. This circuit rejects 
signals with pulse widths less than typically 20ns and 
voltage levels more positive than -175mV. Once the Tx 
squelch circuit has unsquelched, it looks for the start of 
idle signal to turn on the squelch circuit again. The 
transmitter turns on the squelch again when it receives 
an input signal at Tx+/- that is more positive than 
-175mV for more than approximately 180ns. 

BINARY 

TxTP+ 
T,TP-

OUTPUT AFTER 

TRANSMIT fillER 

INPUT INTO 
RECEIVER 

o 

At the start of a packet transmission, no more than 2 
bits are received from the DO circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6j1S or less will not exceed 200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor and the output 
filter. The transmitter employs a center tap 2:1 
transformer where the center tap is tied to Vee (+5V). 
While one pin of the transmit pair (TxTP+, TxTP-) is 
pulled low, the other pin floats. The output pins to the 
twisted pair wires, TxTP+ and TxTP-, can drive a 1000, 
1500 load, or a variety of impedances that are 
characteristic of the twisted pair wire. RTSET selects the 
current into the TxTP+, TxTP- pins. This current along 
with the characteristic impedance of the cable 
determines the output voltage. 

Once the characteristic impedance of the twisted pair is 
determined, one must select the appropriate RTSET 
resistor as well as match the terminating impedances of 
the transmit and receive filter. The RTSET resistor can 
be selected as follows: 

RTSET = (RL/100) * 2200 

where RL is the characteristic impedance of the twisted 
pair cable. 

Figure 11. Transmit Pre-Equalization Waveform 
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The transmitter incorporates a pre-equalization circuit 
for driving the twisted pair line. Pre-equalization 
compensates for the amplitude and phase distortion 
introduced by the twisted pair cable. The twisted pair 
line will attenuate the 10MHz signal more than the 
5MHz signal. Therefore pre-equalization insures that 
both the 5 and 10MHz components will be roughly the 
same amplitude at the far end receiver. 

The pre-equalization circuit reduces the current output 
when a 5MHz bit is being transmitted. After SOns of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining SOns. Figure 11 
illustrates the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPO and TxCAP1. The 
proper value for this one-shot is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAP1 
together. 

The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. The transmitter 
maintains a minimum differential output voltage of at 
least 450mV for 250ns after the last low to high 
transition. The driver differential output voltage will 
then be within 50mV of OV within 45 bit times. 

RECEPTION 

The twisted pair receive data is transformer coupled 
and low pass filtered before it is fed into the input pins 
RxTP+/-. The input is differential with the common 
mode voltage set by the chip's Bias pin. At the start of 
packet reception from the twisted pair link, no more 
than 5 bits are received from the twisted pair cable and 
not transmitted onto the 01 circuit. The first bit sent on 
the 01 circuit may contain phase violations or invalid 
data, but all subsequent bits are valid. 

The receive squelch will reject the following differential 
signals on the RxTP+ and RxTP- inputs: 

1. All signals that produce a peak magnitude less than 
300mV. 

2. All continuous sinusoidal signals of amplitude less 
than 6.2Vp_p and frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp_p and either polarity, where the frequency is 
between 2M Hz and 15MHz. For a period of 4 BT 
before and after this single cycle, the signal will 
conform to (1) above. 

4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency is between 2MHz and 
30M Hz. The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 

Ml4651, Ml4652, Ml4657, Ml4658 

The first three receive squelch criteria are required to 
conform to the 10BASE-T standard. The fourth receive 
squelch criteria exceeds the 10BASE-T requirements and 
enhances the performance of the receiver. The fourth 
squelch criteria prevents a false unsquelch caused by 
cross talk or noise typically found coupling from the 
phone lines onto the receive twisted pair. 

When the receive squelch is on during idle, the input 
voltage must exceed approximately ±450mV peak 
several times before unsquelch occurs. If the transmitter 
is inactive, the receiver has up to 5 bit times to 
unsquelch and output the receive data on the Rx+, Rx­
pair. If the transmitter is active, the receive squelch 
extends the time it takes to determine whether to 
unsquelch. If the receiver unsquelches while the 
transmitter is active, a collision will result. Therefore the 
receive squelch uses the additional time to insure that 
a collision will not be reported as a result of a false 
receive squelch. 

After the receiver is unsquelched, the detection 
threshold is lowered to 275mV. Upon passing the 
receive squelch requirements the receive data 
propagates into the multiplexer and eventually passes 
to the Rx+ and Rx- outputs of the AU Interface. The 
addition of jitter through the receive section is no 
more than ±1.5ns. 

While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. When start of idle is detected, receive squelch 
is turned on again. The proper start of idle occurs 
when the input signal remains above 300mV for 160ns. 
Nevertheless, if no transitions occur for 160ns, receive 
squelch is still turned on. 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output. The collision output is a differential square 
wave matching the AUI specifications and capable of 
driving a 780 load. The frequency of the square wave 
is 10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillation turns on no more than 9 bit times 
after the collision condition begins, and turns off no 
more than 9 bit times after the collision condition is 
removed. The collision oscillator also is activated during 
SQE Test and Jabber. 

lOOPBACK 

The loopback function emulates a coax Ethernet 
transceiver where the transmit data sent by the OTE is 
looped back over the AUI receive pair. Many LAN 
controllers report the status of the carrier sense for 
each packet transmitted. The software can use this 
loopback information to determine whether a MAU is 
connected to the OTE by checking the status of carrier 
sense after each packet transmission. 
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When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on within 9 bit times. The data on the 
01 AUI pair (Rx+, Rx-) changes from Tx+, Tx- to RxTP+, 
RxTP-, when entering the collision state. During a 
collision, if the receive data (RxTP+, RxTP-) drops out 
before the transmit data (Tx+, Tx-), Rx+, Rx- will switch 
back to Tx+, Tx-. 

SQE TEST FUNGION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter-packet gap time, the 
collision oscillator will be activated for typically 1tJs. 
The SQE test will not be activated if the chip is in the 
link fail state, or the Jabber state. 

For SQE to operate, the SQEN pin must be tied to Vee 
or BIAS. The SQE test can be disabled by tying the 
SQEN pin to 1.2V or ground. This allows the chip to be 
interfaced to a repeater. 

JABBER FUNGION 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission lasts longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision oscillator COL+, COL-. When Tx+ and Tx­
finally go idle, a second timer measures 0.5 seconds of 
idle on Tx+ and Tx- before re-enabling the transmitter 
and turning off the collision oscillator. If transmission 
starts up again before 0.5 seconds has expired, the 
timer is reset and measures another 0.5 seconds of idle 
time. 

Even though the transmitter is disabled during jabber, 
Link Pulses are still transmitted if the Link Test is 
enabled. 

Jabber can be disabled by placing 1.2V on the 
SQEN/LTD/JABD pin. This is useful for measuring jitter 
performance on the transmitter. 

LINK TEST FUNGION 

Transmission - Whenever data is not being delivered 
to the twisted pair link, the idle signal is applied. The 
idle signal is a sequence of Link Pulses separated by a 
16ms period of silence. The idle signal starts with a 
period of silence after a packet transmission ends. The 
link test pulse is a single high pulse with the same 
amplitude requirements as the data signal. 

Reception - The transceiver monitors the receive 
twisted pair input for packet and link pulse activity. If 
neither a packet nor a link test pulse is received for 50 
to 150ms, the transceiver enters the Link Test Fail state 
and inhibits transmission and reception. Link pulses 
received with the wrong polarity will be ignored and 
cause the chip to go into link test fail. 

A DTE can determine that the transceiver is in Link Test 
Fail one of two ways: it can monitor the LTF pin if the 
transceiver is internal, or it can monitor loop back. If the 
MAU is on-board the LTF pin can be sampled to 
determine that the transceiver is in the link fail state. If 
the MAU is external the DTE can monitor carrier sense 
during transmission. A loss of carrier sense is an 
indication of Link Test Fail State, since in Link Test Fail, 
loopback is disabled. Note that jabber also disables 
loopback but with Jabber the collision signal will be on. 

When a packet, or two consecutive link test pulses is 
received from the twisted pair input, the transceiver will 
exit the Link Test Fail state upon transmit and receive 
data being idle, and re-enable transmission and 
reception. 

Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, detected pulses that occur within a time 
between 2 to 7ms of a previous pulse will be 
considered as noise by the link test circuitry. 

POLARITY CIRCUITRY 

The ML4651 and ML4652 offer polarity detection, while 
the ML4657 and ML4658 offer automatic polarity 
correction. The ML4651 and ML4657 are pin for pin 
compatible, and so are the ML4652 and ML4658. The 
POLRD pin is used to report the status of the receive 
pair polarity. This pin reflects the true status of the 
receive polarity regardless of whether the part has 
auto polarity correction or not. 

Polarity Detection - ML4651, ML4652 - The internal 
circuitry uses the start of idle signal to determine the 
receive polarity. With the correct receive polarity, the 
Start of Idle signal (the end of the frame) will remain 
above 300mV for more than 160ns. If the polarity is 
reversed, the Start of Idle signal will end with a 
negative voltage. 

The POLRD status pin is updated only when two 
consecutive frames are received with the same Start of 
Idle polarity. In the case where the part is powered up 
with the receive polarity reversed and no frames are 
received, the part will go into link test fail without 
reflecting a reverse polarity condition. Without 
autopolarity correction, the part will remain in link test 
fail unless a frame is received or the correct polarity 
link pulses are received. 
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Automatic Polarity Correction - ML4657, ML4658 - In 
the link OK state, receive polarity is updated when two 
consecutive frames are received with the same Start of 
Idle polarity. In the Link Test Fail state the part will use 
either the Start of Idle signal or link pulses to correct 
the receive polarity. 

In the case where the part is powered up with the 
receive polarity reversed and no frames are received, 
the part will go into Link Test Fail. After two link pulses 
are received with the same polarity, the part will exit 
Link Test Fail and correct the receive polarity. The 
POLRD pin will continue to reflect the true polarity of 
the receive pair. 

LED DRIVERS 

The ML4651, ML4657 have two LED driver pins. One is 
for Link Test Fail while the other is a reverse polarity 
indicator. The ML4652, ML4658 have four additional LED 
drivers for transmit, receive, collision, and jabber. The 
four additional LED driver pins are active low. The LEOs 
are normally off except for LTF which is normally on 
and active high. The LEOs are tied to their respective 
pins through a 5100 resistor to 5 Volts. 

ML4651, ML4652, ML4657, ML4658 

The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEOs to be visible. When 
transmission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for 100ms. If another 
transmit, receive or collision condition occurs during 
the first 100ms, the LED timer will reset and begin 
timing again for 100ms. The LEOs will remain on for 
consecutive frames. The JAB, POLRD, and LTF LEOs do 
not have pulse stretchers on them since their 
conditions occur long enough for the eye to see. 

SEMI-STANDARD OPTION 

The ML4651, ML4652, ML4657, and ML4658 are designed 
using Micro Linear's Bipolar Tile Array technology. They 
use a special Tile Array, the FB3651, that was designed 
for Data Communications applications. As a result these 
parts are customizable, and can be modified to suit a 
specific customer application. Please contact your local 
representative or Micro Linear for more information on 
semi-standard options. 
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APPLICATION: INTERNAL MAU 
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Figure 13. Internal MAl) 

ORDERING INFORMATION 

ORDERING NUMBER PACKAGE PIN COUNT AUTO-POlARITY 

Ml4651CP Skinny DIP 20 pins No 
Ml4652CP Skinny DIP 24 pins No 
Ml4657CP Skinny DIP 20 pins Yes 
Ml4658CP Skinny DIP 24 pins Yes 
Ml4652CQ PlCC 28 pins No 
Ml4658CQ PlCC 28 pins Yes 
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ML4654 

10BASE-T Transceiver for Multi-Port Repeaters 

GENERAL DESCRIPTION 
The Ml4654 10BASE-T Transceiver is a single chip cable 
line driver/receiver that provides all of the functionality 
required to implement an internal 10BASE-T Transceiver 
for a Multi-Port Repeater. The Ml4654 provides a TTL 
interface well suited for Multi-Port Repeater control 
logic. 

The Ml4654 uses a minimal number of external 
components, and fully conforms to the IEEE 802.3 
10BASE-T standard. The transmitter offers a current 
driven output that is less sensitive to power supply 
variation and noise. It offers superior performance 
because of its highly symetrical switching which results 
in low RFI noise and low jitter. 

The Transceiver easily interfaces .to 1000 unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic impedances by 
changing one external resistor. Jabber and Link Test 
Function are fully integrated into the chip with 
enable/disable options. An auto polarity circuit detects 
the polarity of the receive pair and automatically 
corrects it if necessary. A polarity status pin that can 
drive an LED reflects the true polarity of the receive 
pair. 

The ML4654 is available in a 20 pin skinny DIP as well 
as a surface mount 28 pin PlCC. The Ml4654 is 

BLOCK DIAGRAM 
fR~fl 

+5V 

designed using Micro Linear's Bipolar Tile Array 
technology. It uses a special Tile Array designed for 
Data Communications applications. Semi-Standard 
options are available to suit a particular customer 
application. 

FEATURES 
• Complete implementation of IEEE 802.3 10BASE-T 

internal Medium Attachment Unit (MAU) 
• TIL interface for direct connection to Multi-Port 

Repeater control logic 
• Automatic polarity correction with a status pin to 

reflect the true receive polarity 
• Single +5 volt supply ± 10% 
• No clock or crystal required 
• Capable of driving 1000 unshielded twisted pair 

cable or 1500 shielded twisted pair cable 
• Fully integrated Link Test logic, with link Test Fail 

Status pin and enable/disable option 
• On-chip Jabber logic, with enable/disable option 
• Available in a 20 pin skinny DIP or 28 pin PLCC 
• Semi-standard option using Micro linear's FB3651 
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PIN DESCRIPTION 
PIN PIN 
NO. NAME FUNCTION NO. NAME FUNCTION 

JAB/DIS Jabber Status Output/Jabber 11 POLDIS Automatic Polarity Correction 
Disable. When this pin is tied to Disable. When grounded or left to 
ground, the Jabber function is float this pin will disable automatic 
disabled and the transmitter is polarity correction. The POLRD 
allowed to transmit indefinitely. status pin continues to reflect the 
This pin has an internal pullup so status of the receive polarity, even 
that when tied to a TTL input it when automatic polarity is 
will be low in the unjab state and disabled. When this pin is tied 
high in the jab state. When in the high, automatic polarity correction 
jab state, the transmitter will be is enabled. 
disabled. 12 TxTP- Pre-equalized differential balanced 

2 CRS Carrier Sense. Indicates valid 13 TxTP+ output driver. These outputs are 
receive data from the twisted pair. connected to terminating resistors, 
TTL output active high. a transformer and a balanced 

3 RxD Receive data output to the local transmit output filter. The output 

device. TTL levels. current is set with an external 
resistor connected to RTSET 

4 LTD Link Test Disable. When tied high allowing the chip to drive 1000 
or left to float, link test is disabled. unshielded twisted pair, 1500 
When Link Test is disabled no link shielded twisted pair cables or a 
pulses are transmitted, and the range of other characteristic 
transmitter and receiver will not impedances. 
be disabled as a result of a loss of 
receive link pulses. When this pin 14 GND Ground reference. 

is grounded, link pulses will be 15 TxCAP1 An external capacitor of 330pF is 
transmitting during idle, and the 16 TxCAPO tied between these two pins to III link test receive logic is enabled. set the pulse width for the pre-

S RRSET A 1% 61.91<0 resistor tied from this equalization on the transmitter. If 

pin to Vee is used for biasing these two pins are shorted 

internal nodes. together, no pre-equalization 
occurs. 

6 Vee +5 Volt power input. 
When this pin is low the 17 TxEn 

7 Tx+ Differential transmit data pair transmitter is enabled and 
8 Tx- input from the local device, with transmitting the data received 

TTL levels. from the Tx+/- input pair. TTL 
9 RTSET When using 1000 unshielded input-active low. 

twisted pair cable, tie a 2200 18 LTF Link Test Fail. Active high. 
resistor between this pin and Vee. Normally this pin is low, indicating 
When using 1500 shielded twisted that the link is operational. If the 
pair cable, tie a 3300 resistor link goes down reSUlting from the 
between this pin and Vee. absence of link pulses and frames 

10 POLRD Polarity Reversal Detection. This being received, the chip will go 
pin reflects the true receive into the Link Test Fail state and 
polarity status regardless of the bring LTF high. In the Link Test 
state of the autopolarity logic. Fail state, both the transmitter and 
A low indicates that RxTP+ and receiver are disabled, however 
RxTP- are reversed. Open collector link pulses are still sent. This pin 
TTL output. is low when Link Test iSldisabled. 

19 RxTP- Twisted Pair Receive Data Input. 
20 RxTP+ When this signal exceeds the 

receive squelch requirements the 
receive data is buffered and sent 
to the RxD output pin. 
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PIN CONNECTION 
RxD JABIDIS RxTP-

NC I CRS I RxTP+ I lTF 
JAB/DIS RxTP+ 

CRS RxTP- 3 2 1 28 27 26 

NC 25 NC 
RxD LTf 

LTD TxEN 
LTD hlN 

RRSET TxCAPO 
NC 23 NC 

Vee TxCAPl 
RRSET 22 TxCAPO 

Vee 21 TxCAPl 
Tx+ GND 

Tx- TxP+ 
Vee 10 20 GND 

RTSET TxP-
Tx+ 11 GND 

12 13 14 15 16 17 18 
POLRD POLOIS 

Tx- I POlRD I TxTP-1 
TOP VIEW 

NC RTSET POLOIS TxTP+ 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Power Supply Voltage Range Supply Voltage (Vcd .............................. 5V ± 10% 
Vcc ............................................ -0.3 to 6V LED on Current ....................................... 10mA 

Input Voltage Range ............................. -0.3 to Vcc RRSET .......................................... 61.9KO ± 1% 
Input Current ......................................... 60mA RTSET .................................. 2200 or 3300 ± 1% 
Output Current TxCAP ................................................ 330pF 

TxTP+, TxTP- ........................................ 80mA 
Storage Temperature (Tj) ............................... 135°C 
Lead Temperature (Soldering 10 seconds) .............. 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = Doe to 700 e (Note 3), Vee = SV ± 10% 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Power Supply Current Icc (Note 4) Vcc = 5V 120 mA 

TIL Inputs: 
V,L .8 V 
V,H (LTD, TxEN) 2 V 

TIL Outputs: 
VOl 10l = 1.6mA .4 V 
VOH (CRS, RxD, LTF) IOH = -400JlA 2.4 V 

LED Drivers: 
VOl (JABlDiS, POlRD) RL = 5100 (Note 5) 0.8 V 

Transmit Peak Output Current RTSET = 2200 42 mA 
(Note 6) 

Differential Input Voltage (RxTP+, RxTP-) ±0.300 ±3.1 V 

Receiver Input Resistance 10 KO 

Receive Squelch Voltage Level (RxTP+, RxTP-) 300 450 585 mVp 

Note 1: Absolute maximum ratings are limits beyond whleh the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty eycle pulse testing is performed at TA• 

Note 4: This does not Include the current supplied into the transmit pins TxTP+ and TxTP-. 
Note 5: LED drivers ean sink up to 20mA, but VOL will be higher. 
Note 6: This current will result in a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter and 

transformer as shown in Figure 5. 
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ELECTRICAL CHARACTERISTICS (Continued) 

fJ£ ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER MIN TYP MAX UNITS 

Transmit 

tTXEN Transmit Enable to Data Out 100 ns 

tTXDIS Transmit Disable to Start Slow Decay 50 ns 

tTXSDY Transmit Steady State Prop. Delay 15 100 ns 

tTXJ Transmitter jitter ±2 ns 

Receive 

tRXOCR Valid Receive Data to CRS Turn-On 500 ns 

tRXTCR Valid Receive Data to CRS Turn-On if Transmit is Active BOO ns 

tRXSDY Receive Steady State Prop. Delay 15 100 ns 

tRXFCR Receive Turn-Off to CRS Inactive 150 230 300 ns 

tRXJ Receiver jitter ±1.5 ns 

tAR Rx Output Rise Time 20% to BO% 4 ns 

tAF Rx Output Fall Time 20% to 80% 4 ns 

jabber, Link lest and LED TIming 

tJAD jabber Activation Delay 20 70 150 ms 

tJRT jabber Reset Unjab Time 250 450 750 ms 

tJJAB Delay from Outputs Disabled to JABIDIS Active -20 ns 

tLLT Link Loss Time 50 95 150 ms 

tLTN Link Test Pulse Minimum Time 2 4.2 7 ms III 
tLTX Link Test Pulse Maximum Time 25 70 150 ms 

tLTPW Link Test Pulse Width 85 100 130 ns 

tTLP Link Pulse Repetition Rate 8 16 24 ms 

TIMING DIAGRAMS 

Tx+---+--, 

Tx- ---t--..J 

TxTP- )CX----> 
TxTP+ ------<1 

Figure 1. Transmit Tming 
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TIMING DIAGRAMS (Continued) 

4-30 

RxTP+ 

RxTP-

Rx 

CRS 

1,IP+ 

Figure 2. Receive Timing 

X IWA )>--+---------

VALID 
DATA 

1,IP- I I 
_ ___ .--l---J'/ tllAR JL--_ 

JAB/DIS . -

Figure 3. Jabber Timing 

RECEIVE FRAME 

:::---------~ ~>-------------------------
LINK PULSEI 

RxTP+ ~ 

------------------~~>----------------------------
RxTP-
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RxlP- '---»---

,- Inp -I 
Tx1P+ ( > ( 
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'----»---

Figure 4. Link Pulse Timing 
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FUNOIONAL DESCRIPTION 
Figure 5 shows a typical block diagram of the ML4654 
in an internal 10BASE-T transceiver interface. On one 
side of the transceiver is the local controller interface 
and the other is the twisted pair. The twisted pair side 
of the transceiver requires external transmit and receive 
filters, isolation transformer, and termination resistors. 

The transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of the 5MHz component so that 
at the receiving end both the 5MHz and 10MHz 
components have the same amplitude. The external 
transmit filter smooths the edges of the transmitter's 
output before passing it onto the twisted pair. Figure 6 
illustrates the transmit output waveforms at different 
stages of the system. 

The receive pair side of the transceiver accepts the data 
after it passes through the isolation transformer and 
the receive low pass filter. Since this is an AC coupled 
input, an internal DC bias is used to set the proper 
common mode voltage for the receive inputs. 

LOCAL INTERFACE 

The local interface consists of transmit, and receive 
signals which all use TIL levels. The transmit input 
signals entail a pair of true differential TTL transmit data 
pins, and an enable signal. 

Once the transmitter is enabled, the output on TxTP+, 
TxTP- is determined by the transmit input pair Tx+, Tx-. 
The transmit input pair is a true differential TIL input 
that determines the switching point based on both 
inputs. Driving this input single ended is also possible 
by letting Tx- float. After the last bit is transmitted, Tx+ 
should be held high and Tx- held low for two bit times 
before T xEn goes high. 

During reception the carrier sense pin (CRS) is activated 
asynchronously to receive data. Receive data is output 
through the receive data output pin (RxD). At the end 
of the packet, CRS goes inactive two bit times after the 
last low to high transition on RxD. 

TRANSMISSION 

The transmit function consists of enabling the 
transmitter with T xEn and driving the data onto the 
transmit twisted pair (Tx+, Tx-). A positive signal on the 
Tx+ lead relative to the Tx- lead results in a positive 
signal on the TxTP+ lead of the chip with respect to 
the TxTP- lead. . 

At the start of a packet transmission, no more than 1 
bit is received from the Tx+, Tx- circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6/1s or less will not exceed 200ns. 

ML4654 

The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor. The transmitter 
employs a center tap 2:1 transformer where the center 
tap is tied to Vee (+5V). While one pin of the transmit 
pair is pulled low, the other pin floats. 

The output pins to the twisted pair wires, TxTP+ and 
TxTP-, drive a 1000 load, 1500 load, or a variety of 
impedances that are characteristic of the twisted pair 
wire. To select the correct drive current for a 
characteristic impedance of the twisted pair wire, one 
must select the appropriate RTSET resistor. The RTSET 
resistor can be determined as follows: 

RTSET = (RL/100) * 2200 

where RL is the characteristic impedance of the twisted 
pair cable. 

The transmitter incorporates a pre-equalization circuit 
for driving the twisted pair line. Equalization of the 
transmit signal is needed to decrease the voltage of the 
5MHz component of the Manchester encoded signal. 
The twisted pair line will decrease the voltage of the 
10MHz signal more than the 5MHz signal. Therefore 
the pre-equalization insures that both the 5 and 10MHz 
components will have the same amplitude at the far 
end receiver. 

The pre-equalization circuit reduces the output current 
when a 5MHz bit is being transmitted. After SOns of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining SOns. Figure 6 
illustrates the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPO and TxCAP1. The 
proper value for this capacitor is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAP1 
together. 

The transmitter enters the idle state when it is disabled 
by TxEn. The Tx+ pin should remain high and the Tx­
pin should remain low or float for two bit times before 
the TxEn signal goes high. When this happens, the 
transmitter maintains a minimum differential output 
voltage of at least 450mV for two bit times after the last 
low to high transition. The driver's differential output 
voltage will then be within 40mV of OV within 80 bit 
times. In addition the current into the load will be 
limited in magnitude to 4mA within 80 bit times. 
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ML4654 

Figure 6. Transmit Output Waveforms 

RECEPTION 

Before the twisted pair receive data is input into the 
transceiver it is transformer coupled and low pass 
filtered. The RxTP+/- input is differential with the 
common mode voltage set internally at approximately 
halfway between Vee and GND. At the start of a packet 
reception from the twisted pair link, no more than 5 
bits are received from the twisted pair cable and not 
transmitted onto the Rx pin. The first bit sent to Rx may 
contain phase violations or invalid data, but all 
subsequent bits are valid. 

The receive squelch will reject the following differential 
signals on the RxTP+ and RxTP- inputs: 

1. All signals that produce a peak magnitude less than 
300mv' 

2. All continuous sinusoidal signals of amplitude less 
than 6.2Vp_p and frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp_p and either polarity, where the frequency is 
between 2M Hz and 15MHz. For a period of 4 BT 
before and after this single cycle, the signal will 
conform to (1) above. 

4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency is between 2MHz and 
30MHz. The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 

The first three receive squelch criteria are required to 
conform to the 10BASE-T standard. The forth receive 
squelch criteria exceeds the 10BASE-T requirements. It 
enhances the receiver's performance without 
compromising on conformance to the standard. The 
additional squelch criteria prevents a false unsquelch 
from occuring due to cross talk or noise typically 
coming from the telephone system twisted pair wires. 

When the receive squelch is on, the input voltage must 
exceed ±450mV peak several times before unsquelch 
occurs. If the transmitter is inactive, the receiver has up 
to 5 bit times to unsquelch and output the receive data 
on the Rx+, Rx- pair. If the transmitter is active, the 
receive squelch extends the time it takes to determine 
whether to unsquelch. If the receiver unsquelches 
while the transmitter is active, a collision will result. 
Therefore the receive squelch uses the additional time 
to insure that a collision will not be reported as a result 
of a false receive squelch. 

After the receiver is unsquelched, the data detection 
threshold is lowered to 275mv' Upon passing the 
receive squelch requirements the receive data 
propagates to the Rx TIL output. This TIL output has 
been bolstered to reduce jitter. The addition of jitter 
through the receive section is no more than ±1.5ns. 
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v:'hile in the unsquelch state, the receive squelch 
CIrcUIt looks for the start of idle signal at the end of the 
packet. When start of idle is detected, receive squelch 
IS tu~ned on again and the carrier sense pin goes 
mactlve. The proper start of idle occurs when the input 
signal remains above 300mV for 160ns. Nevertheless if 
no transitions occur for 160ns, receive squelch is still 
turned on. In this case however, the polarity may be 
~eversed. A reverse polarity condition will be registered 
mto the auto~olarity circuit if the start of idle signal is 
n.egatlve. It will take several reverse polarity start of idle 
Signals and/or reverse polarity link pulses to actually 
change the polarity on the receive circuit. (See 
Automatic Polarity Reversal section for more detail) 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and activates 
the JAB/DIS pin, signaling the controller of the jabber 
~ondltlon. When Tx+ and Tx- finally go idle, a second 
timer measures 0.5 seconds of idle on Tx+ and Tx­
before re-enabling the transmitter and deactivating the 
JAB/DIS pin. If transmission starts up again before the 
0.5 seconds has expired, the ti mer is reset and 
measures another 0.5 seconds of idle time. Even though 
t~e transmitter is disabled during jabber, Link Pulses are 
stili transmitted. 

The jabber function can be disabled by tying the 
JAB/DIS pin to ground. This forces the ML4654 into the 
Unjab state allowing indefinite transmission. 

LINK TEST FUNCTION 

Transmission - Whenever data is not being delivered 
to the twisted pair link, the idle signal is used. The idle 
signal is a se~uen~e of link pulses separated by 16ms of 
s!lence. The Idle Signal starts with a 16ms period of 
silence after a packet transmission ends. The link test 
puls~ is a single high pulse which meets the amplitude 
reqUirements for a pulse of duration BT. 

~eception - The transceiver monitors its twisted pair 
mput for packet and link pulse activity. If neither a 
packet nor a link test pulse is received for 50 to 150ms. 
the transceiver enters the link Test Fail state and . 
inhibits transmission and reception. The Hub Controller 
can determine that the transceiver is in the Link Test 
Fail state by monitoring the lTF pin. If lTF is low, the 
link is operational. But if lTF goes high, the Ml4654 has 
entered the link Test Fail state as a result of a loss of 
both link Pulses and Receive Frames. 

Whe,n a packet, or two consecutive link test pulses is 
received, the transceiver will exit the link test fail state. 
Exiting the link test fail state may be deferred if either 
TxEn is high or ~~e receive squelch is off indicating 
receive data activity. After the link test fail state is 
exited, transmission and reception are re-enabled. 

link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, a link Test Pulse that occurs within a time 
between 2 to 7ms of a previous link Test Pulse will be 
considered as noise by the link test circuitry. In the 
link Test Fail state, such pulses reset the counted 
number of consecutive link test pulses to zero. 

AUTOMATIC POLARITY REVERSAL 

This circuit determines the polarity for the receive pair 
only, and decides whether the polarity should be 
reversed: After 240ms of consistent reverse polarity 
mformatlon, the POlRD pin will change states and the 
polarity on ~he re~eive circuit will switch. The polarity 
on the. receive pair RxTP+, RxTP- is determined using 
both link Pulses and the Start of Idle signal at the end 
of a receive packet. When the Start of Idle signal is 
negative, it is treated as a reverse polarity indication. 
When a link Pulse begins with a negative transition it is 
treated as a reverse polarity indication. When both link 
Pulses and/or Start of Idle signals consistently indicate a 
reverse polarity condition for 240ms, the polarity on the 
receiver will be reversed. 

The .POlR~ pin will reflect the true polarity on the 
receive pair regardless of the automatic correction 
circuit. For example if the polarity on the receive pair is 
reversed, after 240ms the POlRD pin will go low and 
the data ~~ the ~D pin. will have the correct polarity. 
ThiS condition Will remain as long as the polarity stays 
reversed. If the reverse polarity is then corrected, after 
240ms the POlRD pin will go high and the RxD pin 
will have the correct polarity. 

The POlDIS pin will disable the automatic polarity 
correction but have no affect on the POlRD pin. 
Therefore when POlDIS pin is tied low and the polari!}' 
IS reversed on the receive pair, after 240ms the POlRD 
pin will ?o low, but the RxD will continue to pass the 
data on m the reverse polarity condition. 

If the Ml4654 is powered up with the RxTP+/- polarity 
reversed, and no data is received, it wiil go into iink 
test fai I. After 240ms of reverse polarity information, the 
auto-polarity circuit will reverse the polarity. The link 
test circuitry will then receive two correct polarity link 
pulses, and exit the link test fail state. 
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ORDERING INFORMATION 

ORDERING NUMBER 

ML4654CP 
ML4654CQ 

PACKAGE 

Skinny DIP 
PLCC 

'Micro Linear 

PIN COUNT 

20 pins 
28 pins 

ML4654 

II 
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GENERAL DESCRIPTION 
The Ml4661 FOIRl transceiver combined with the 
Ml4621 or Ml4622 fiber optic quantizers provides all 
of the functionality required to implement both an 
internal and external IEEE 802.3 FOIRl MAU. The 
Ml4661 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI cable. 

The Ml4661 provides a highly integrated solution that 
requires a minimal number of external components, 
and conforms to the IEEE 802.3 FOIRl standard. The 
transmitter offers a current driven output that directly 
drives a fiber optic lED transmitter. Jabber, 1MHz idle 
signal, and SQE Test are fully integrated onto the chip. 

The receiver accepts an ECl level input coming from 
the Ml4621 or Ml4622 fiber optic quantizers. The 
1MHz idle signal is removed and the AUI output is 
activated when the receive squelch criteria is 
exceeded. A link Monitor function is also provided for 
low light detection. 

BLOCK DIAGRAM 
+5V 

Tx+ 

October 1990 
ADVANCE INFORMATION 

ML4661 

FOI RL Transceiver 

FEATURES 
• Combined with the Ml4621 or Ml4622, offers a 

complete implementation of an FOIRl Medium 
Attachment Unit (MAU) 

• Incorporates an AU interface for use in an external 
MAU or an internal MAU 

• Single +5 volt supply ± 10% 
• No crystal or clock required 
• On-chip Jabber, 1MHz idle, and SQE Test with 

enable/disable option 
• Five network status lED outputs 
• Available in a 28-pin PlCC package 
• Semi-standard option using Micro linear's FB3651 

LAN Transceiver Tile Array 

PIN CONNECTION 
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PIN DESCRIPTION 
PIN # NAME FUNCTION PIN # NAME FUNCTION 

1 CLSN Indicates that a collision is taking 17 Vee +5 volt supply. 
place. Active low LED driver, open 18 TxOUT Fiber optic LED driver output. 
collector. Event is extended with 
internal timer for visibility. 19 NC No Connection. 

2 COL+ Gated 10MHz oscillation used to 20 GND Ground Reference. 

3 COL- indicate a collision, SQE test, or 21 GND Ground Reference. 
jabber. Balanced differential line 22 LMONIN link Monitor Input from the 
driver outputs that meet AUI ML4621 or ML4622. This input 
specifications. must be low (active) for the 

4 SQEN/JABD SQE Test Enable, Jabber Disable. receiver to unsquelch. 
When tied low, SQE test is 23 LBDIS Loopback Disable. When this pin 
disabled, when tied high SQE test is tied to Vee, the AUI transmit 
is enabled. When tied to BIAS pair data is not looped back to 
both SQE test and Jabber are the AUI receive pair. When this 
disabled. pin is tied to GND (normal 

5 GND Ground Reference. operation), the AUI transmit pair 

6 Rx+ Manchester encoded receive data data is looped back to the AUI 

7 Rx- output to the local device. receiver pair. 

Balanced differential line driver 24 LMON link Monitor LED status output. 
outputs. This pin is pulled low when 

8 Vee +5 Volt power input. LMONIN input is low and there 

9 Vee are transitions on RxIN± 

10 Tx+ Balanced differential line receiver 
indicating an idle signal or active 
data. If either LMONIN goes high 

11 Tx- inputs that meet AUI or transitions cease on RxIN±, II specifications. These inputs may LMON will go high. Active low 
be transformer, AC or DC LED driver, open collector. 
coupled. When transformer or AC 
coupled, the BIAS pin is used to 25 RxIN+ Fiber Optic receive pair. This ECL 

set the common mode voltage. 26 RxIN- level signal is received from the 

12 RTSET Sets the current driven out of the 
ML4621 or ML4622 fiber optic 
quantizer. When this signal 

transmitter. exceeds the receive squelch 
13 RRSET A 1% 61.9 KO resistor tied from requirements, and the LMONIN 

this pin to Vee sets the biasing input is low, the receive data is 
currehts for internal nodes. buffered and sent to the AUI 

14 NC No Connection. receive outputs. 

15 XMT Indicates that transmission is 27 BIAS BIAS output voltage for the AUI 

taking place. Active low LED Tx+, Tx- inputs when they are AC 

driver, open collector. Event is coupled. 

extended with internal timer for 28 JAB Jabber network status LED. When 
visibility. in the Jabber state, this pin will be 

16 RCV Indicates that the transceiver is low and the transmitter will be 

receiving a frame from the optical disabled. In the Jabber "OK" state 

input. Active low LED driver, open this pin will be high. Open 

collector. Event is extended with collector TTL output. 

internal timer for visibility. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Power Supply Voltage Range Supply Voltage (Vee) .............................. 5V ± 10% 
Vee ............................................. -0.3 to 6V 

Input Voltage Range 
Digital Inputs (SQEN, LMON 1N, LBDIS) ......... -0.3 to Vee 

LED on Current ....................................... 10mA 
RRSET .......................................... 61.9KO ± 1% 
RTSET ........................................... 1620 ± 1% 

Tx+, Tx-, RxIN+, RxIN- ........................ -0.3 to Vee 
Input Current 

RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON ......... 60mA 
Output Current 

TxOUT .............................................. BOmA 
Storage Temperature ...................... _65° C to +150°C 
Lead Temperature (Soldering 10 seconds) .............. 260°C 

ELEORICAL CHARAaERISTICS 
Unless otherwise specified, TA = -30°C to 85°C, Vee = 5V ± 10% (Note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current lee: 
Idle Vee = 5V 170 mA 
While Transmitting (Note 4) 200 

LED Drivers: 
VOL RL = 5100 (Note 5) 0.8 V 

Transmit Peak Output Current RTSET = 1620 57 mA 

Transmit Squelch Voltage Level (T x+, T x-) -140 -170 -190 mV 

Common Mode Input Voltage (Tx±, RxIN±) 2 Vee - 0.5 V 

Receive Squelch Voltage Level (RxIN+, RxIN-) ±175 mV-p 

Differential Output Voltage (Rx±, COL±) ±550 ±1200 mV 

Common Mode Output Voltage (Rx±, COL±) 4.0 V 

Differential Output Voltage Imbalance ±40 mV 
(Rx±, COL±) 

BIAS Voltage 3.2 V 

SQE/jABD SQE Test Disable .3 V 
jabber Disable BIAS - .15 BIAS + .15 
Both Enabled Vee - 0.05 

LBDIS Threshold Disabled Vee -0.10 V 
Enabled 1 
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AC ELEORICAL CHARAOERISTICS 
SYMBOL I PARAMETER MIN TYP MAX UNITS 

Transmit 

tTXNPW Transmit Turn-On Pulse Width 20 ns 

tTXFPW Transmit Turn-Off Pulse Width from Data to Idle 400 2100 ns 

tTXlP Transmit Loopback Startup Delay 500 ns 

tTxODY Transmitter Turn-On Delay 100 ns 

tTxlDF Transmit Idle Frequency 0.85 1.25 MHz 

tTXDC Transmit Idle Duty Cycle 45 55 % 

tTXSDY Transmit Steady State Propagation Delay 15 50 ns 

tTXJ Transmitter Jitter into 31Q Load ±1.5 ns 

Receive 

tRXSFT Receive Squelch Frequency Threshold 1.3 4 MHz 

tRXODY Receive Turn-On Delay 350 ns 

tRXFX Last Bit Received to Slow Decay Output 230 800 ns 

tRXSDY Receive Steady State Propagation Delay 15 50 ns 

tRXJ Receiver Jitter ±1.5 ns 

tAR Differential Output Rise Time 20% to 80% (Rx±, COL±) 4 ns 

tAF Differential Output Fall Time 20% to 80% (Rx±, COL±) 4 ns 

Collision 

tCPSQE Collision Present to SQE Assert 0 450 ns 

tSQEXR Time for SQE to Deactivate After Collision 450 700 ns 

tClF Collision Frequency 8.5 11.5 MHz 

tCLPDC Collision Pulse Duty Cycle 40 50 60 % 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 J.lS 

tSQETD SQE Test Duration 0.5 1.0 1.5 J.lS 

Jabber and LED Timing 

tJAD Jabber Activation Delay 20 70 150 ms 

tJRT Jabber Reset Unjab Time 250 450 750 ms 

tJSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns 

tLEDTRC RCV, CLSN On Time 20 70 ms 

tlEDTT XMIT On Time 8 30 ms 

tllPH Low Light Present to LMON High 3 6 J.lS 

tllCl Low Light Clear to LMON Low 1 6 ms 

Note 1: Absolute maximum ratings are limits beyond which the life of the Integrated CIrcuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: 
Note 3: 
Note 4: 
Note 5: 

Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Low Duty Cycle pulse testing IS performed at TA• 

This does not include the current from the AUI pull down resistors, or LED status outputs. 
LED drivers can sink up to 20mA, but VOl will be higher. 
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SYSTEM DESCRIPTION 
Figure 1 shows a typical block diagram of the ML4661 
in an internal or external FOIRL MAU On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used in an external transceiver or can be AC or 
DC coupled when used in an internal transceiver. The 
AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 

+5V 

XMT RCY CL~ lAB LMON 

COL-
TxOUT 

JII 3600 

CI SQEN/IAB 

-= 
3600 

COL+ 

JII 
Tx-

390 ML46&1 RTSET 

DO BIAS LBDIS 

390-

Tx+ RRSET 

"'JII 
Rx-

3600 
Rx+ 

Rx-

3600 
Rx+ 

LMONIN 

Vee GND 

AUI PWR+ +5V 

VOLTAGE 
REGULATOR 

AUI PWR-

The fiber optic side of the transceiver requiresiln 
external fiber optic transmitter, fiber optic receiver, and 
the ML4621 or ML4622 fiber optic quantizers. The 
transmitter uses a current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4621/ML4622 fiber 
optic quantizer. 

+5V 

+5V +5V 

FIBER OPTIC 
TRANSMmER 

+5V 
+5V 

~ FIBER OPTIC 
RECEIVER 

Figure 1. FOIRL System Block Diagram 

AUI INTERFACE 

The AUI interface consist of 3 pair of signals, DO, CI 
and DI as shown in figure 1. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the fiber optic cable. The 
DI pair contains valid data that has been either 
received from the fiber optic cable or looped back 
from the DO and output through the DI pair to the 
DTE. The CI pair indicates whether a collision has 
occurred. It is an output that oscillates at 10MHz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. 

When the transceiver is external, these three pair are 
AC coupled through isolation transformers, while an 
internal transceiver may be AC or DC coupled. For the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltage) for the proper 
common mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial interface provides this common 
mode voltage and the BIAS pin is not connected. 
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The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode bias voltage as discussed 
above, and they provide the proper matching 
ten:nination for the AUI cable. The CI and DI pair, 
which are output from the transceiver to the AUI cable 
require 3600 pull down resistors when terminated with' 
a 780 load. However on a DTE card, CI and DI do not 
need 780 terminating resistors. This also means that the 
pull down resistors on CI and DI can be 1 KO or 
greater depending upon the particular manchester 
encoder/~ecoder ~hip used. Using higher value pull 
down resistors as In a DTE card will save power. 

The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 3ns. In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
pr~~ence of data from the AUI DO input (Tx+, Tx-) and 
dnvlng that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in no current, hence the 
fiber optic LED is in a low light condition. When Tx+ is 
more negative than Tx-, the ML4661 will sink current 
into the chip and the LED will light up. 

Before data will be transmitted onto the fiber optic 
cable from the AUI interface, it must exceed the 
s~uel.ch requirements f~>r the DO pair. The Tx squelch 
CircUit serves the function of preventing any noise from 
being transmitted onto the twisted pair. This circuit 
rejects signals with pulse widths less than typically 20ns 
(negative going), or with levels less than -175mV. Once 
Tx squelch circuit has unsquelched, it looks for the 
start of idle. signal to turn on the squelch circuit again. 
The transmitter turns on the squelch again when it 
receives an input signal at TxIN± that is more positive 
than -175mV for more than approximately 180ns. 

At the start of a packet transmission, no more than 1 
bit is received from the DO circuit and not transmitted 
onto the fiber optic cable. The difference between 
start-up delays (bit loss plus steady-state propagation 
delay) for any two packets that are separated by 9.6ps 
or less will not exceed 200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking 
current through the LED into the TxOUT pin. Once the 
current requirement for the LED is determined the 
RTSET resistor is selected. The following equati~n is 
used to select the correct RTSET resistor: 

RTSET = ( 42mA ) 2200 
lOUT 

The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. After detecting 
the start of idle the transmitter switches to a 1MHz 
output idle signal. 

ML4661 

RECEPTION 

The input to the transceiver comes from the ECL 
outputs of the ML4621 or ML4622. At this point it is a 
clean digital ECL signal. At the start of packet reception 
no more than 3.5 bits are received from the twisted 
pair cable and not transmitted onto the DI circuit. The 
receive squelch will reject frequencies lower than 
1.3MHz and input voltage less than ±175mV. The 
receive squelch will also reject any receive input if the 
LMON1N pin is high. 

vyhil~ in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. Start of idle occurs when the input signal 
remains idle for more than 160ns. When start of idle is 
detected, the receive squelch circuit returns to the 
squelch state and the start of idle signal is output on 
the DI circuit (Rx+, Rx-). 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output. The. collision output is a differential square 
wave matching the AUI specifications and capable of 
driving a 780 load. The frequency of the square wave 
is 1?~Hz ± .15~ with a 60/40 to 40/60 duty cycle. The 
colliSion OSCillation turns on no more than 4.5 bit times 
after the collision condition begins, and turns off 
between 4.5 and 7 bit times after the collision 
condition is removed. The collision oscillator also is 
activated during SQE Test and Jabber. 

LOOPBACK 

The loopback function emulates an Ethernet (10BASE-5) 
~ransceiver whereby the transmit data sent by the DTE 
IS looped back over the AUI receive pair. Some LAN 
controllers use this loopback information to determine 
whether a MAU is connected by monitoring the carrier 
sense while transmitting. The software can use this 
loopback information to determine whether a MAU is 
connected to the DTE by checking the status of carrier 
sense after each packet transmission. 

Wh~~ data is ~~ceive? by t~e chip while transmitting, a 
colliSion condition eXits. This will cause the collision 
oscillator to turn on within 4.5 bit times. The data on 
the DI pair will remain with the DO pair until DO goes 
idle. At this point DI will switch to RxIN if it is still 
active, or DI will go idle if RxIN is idle. After a collision 
is detected, the collision oscillator will remain on until 
either DO or RxIN go idle. The exception to this is 
when DO starts, then RxIN starts, then DO stops, then 
RxIN stops. In this case the collision oscillator will 
remain on until RxIN goes idle according to the IEEE 
FOIRL standard. 

Loopback can be disabled by strapping LBDIS to Vee. 
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SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically 1Jls. The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber on state. 

For SQE to operate, the SQEN pin must tied to Vee. 
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The Jabberfunction prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision signal COL+, COL-. When Tx+ and Tx­
finally go idle, a second timer measures 0.5 seconds of 
Even though the transmitter is disabled during jabber, 
the 1 MHz idle signal is still transmitted. 

TIMING DIAGRAMS 

Tx+ 

Tx-

TxOUT 

Rx+ 

Rx-

LED DRIVERS 

The ML4661 has five LED drivers. The LED driver pins 
are active low, and the LEDs are normally off. The LEDs 
are tied to their respective pins through a soon resistor 
to 5 Volts. 

The XMT, RCV and CLSN pins have pulse stretchers on 
them which enables the LEDs to be visible. When 
transmission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several milli­
seconds. If another transm it, receive or collision 
conditions occurs before the timer expires, the LED 
timer will reset and restart the timing. Therefore...@Qid 
events will leave the LEDs continuously on. The JAB 
and LTF LEDs do not have pulse stretchers on them 
since their conditions occur long enough for the eye to 
see. 

LOW LIGHT CONDITION 

The LMON LED output is used to indicate a low light 
condition. LMON is activated low when both LMONIN 
is low and there are transitions on RxIN± less than 3Jls 
apart. If either one of these conditions do not exist, 
LMON will go high. 

Figure 2. Transmit and Loopback Timing 

RxIN+ 

RxIN-

Rx+ ----, 
Rx-

Figure 3. Receive Timing 
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TIMING DIAGRAMS (Continued) 

TXOUT==X X VALID X DATA X X X 

RxIN+ f: W," X X X X DATA 

RxIN-

COL+ -=6 X X X CSO 
COL-

~+ 
Tx X Tx ~ Tx X Tx X ~-

RxIN+~ 
RxIN- --1\ __ --' X VALID X DATA X X X 'c= 

~b 
DATA X X X 'c= III 

X 'c= CSO X X 

TxQUT 
----

COL+ ------
COL-

Figure 4. Collision Timing 

::~I 
bOUT ==X-VA-Ll-D---X DATA X'-__ ...IX'-__ ...IY \'---

!--tSQ'XR'---.j 

::~:=x CSO d--------------------

:~~ Tx X Tx X Tx X,...-;TX-»)..-------
• ASSUMES THAT TxOUT BEGAN BEFORE RxiN 

Figure 5. Collision Timing 
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TillUT====>~ ________________________________________________ __ 

I 
RxIN+ ==x VAliD X DATA X X )>----------
RxIN- ~1sQExT' ---l '"'------' '------' 

:::~ CSO ~~------------------------------------

:: ====Rx=I=N ===X RxIN X RxIN X RxIN X RxIN )>------------
• ASSUMES THAT RxIN BEGAN BEFORE T.OUT 

Figure 6. Collision Timing 

TillUT --0 
VAliD DATA (C" tSQETD~1 ~ISQEDY 

COL+ \: 
--------~~ cso j>---

COl- • . 

Figure 7. SQE Timing 

Tx+ 

p~~" X t DATA 
lX-

"I IIRr __ \ 

TillUT VAlID I DATA 

~ t=IISQE 

J COl+ 

< CSO 

COl 

Figure 8. Jabber Timing 
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TIMING DIAGRAMS (Continued) 

T xOUT I7\l'\1\>.. 
----~~~---------------------------------

r-1-;.----ILEDTT-------.j·1 
XMT---------~ ~----______________ _ 

1-1 ___ ---'1-
RxIN+ -_~ __ 1J\7\7\ 
RxIN- ~ "<:::L:::LYj----------------------

RCV ____ --, r-I.C-----ILEDTRC---_·I 
~----------------~~ 

RxIN+ 

RxlN-

III 

Figure 9. LED Timing 

ORDERING INFORMATION 

PART NUMBER PIN COUNT PACKAGE 

ML4661CQ 28 Pins Molded PCC 
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GENERAL DESCRIPTION 
The FB3651 is an application focused tile array 
intended for local area network transceiver 
applications. This array was developed using Micro 
Linear's proprietary mini tile architecture. This mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity and high speed, 
cost effective LAN Transceiver circuits to be easily 
integrated. 

The array consists of two distinct sections each with 
different component groupings, the first section, 
situated mostly in the middle of the array, contains 
custom cells to implement timer functions. These 
custom cells can implement up to nine timers with 
outputs that span from milliseconds up to 112 second 
with no external components. The long times are 
accomplished by generating very small yet stable 
currents that charge on chip capacitors. The remainder 
of the die area has general purpose mini-tiles for the 
other analog and digital circuit functions common to 
LAN transceiver applications. 

The design of the FB3651 LAN Transceiver array is 
optimized for the circuit building blocks required to 
implement the function of a local area network 
transceiver. Examples of the types of circuits possible 
are: high speed transmitters and receivers, transmit and 
receive squelch, oscillators, diagnostic and fault 
protection circuits, LED drivers, and other similar type 
circuits. 

FB3651 

IAN Transceiver Array 

This very high complexity array can realize up to 12 
analog functional blocks, 6 high frequency/digital 
blocks, and 150 digital gates, in addition to the nine 
timer functions. 

FEATURES 
• Array optimized for local area network transceivers 
• Nine independent timer functions possible for 

deadman, squelch, and diagnostic functions 
(1-500ms) 

• Can implement a highly symmetrical current driven 
transmitter for low RFI noise and low jitter 

• 18 analog circuit blocks with 150 ECL gates 
• 12 volt, 1 GHz technology 

ARRAY SUMMARY MINI TILE SUMMARY 

NPN Transistors 1424 T1 General 58 

PNP Transistors 152 T2 Specialized 6 

Schottky Transistors 20 T7 High Frequency 17 

Total Diffused 1020K T9 ECllogic 50 
Resistance T12 Schottky Peripheral 10 
Total Implant 5432K Tn High Frequency Resistance 

Total MOS 310pF 
Timer Cells 9 

Capacitance Timer Bias 

Total Components 4242 

Bond Pads 50 

.. 11111 I I Ir>Ii'!!,!!11 I 11111 I_I I III I I I 1111111 I • 

.. m 
§ : 

• 

FB3651 - LAN Transceiver Array 
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5-63 

5-68 -5-78 

Ml4406 Disk Voice Coil Servo Driver ............................................... . 5-89 

Ml4407 Disk Voice Coil Servo Driver ............................................... . 5-89 

Ml4408 low Voltage Voice Coil Servo Driver ..................................... . 5-95 

Ml4410 Sensorless Spindle Motor Controller ...................................... . 5-97 

Ml4413 Servo Controller ............................................................... . 5-68 

Ml4415 15-Channel Read/Write Circuit ............................................. . 5-105 
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1. Read/Write Amplifiers 

Part Number of Head Max Input 
Number Channels 'JYpe Noise (nVIVHz) 

Mll17 2,4 or 6 Ferrite 2.1 

Mll17R 2,4 or 6 Ferrite 2.1 

Ml501 6or8 Ferrite 1.5 

Ml501R 6 or 8 Ferrite 1.5 

Ml502 6or8 Thin Film 1.5 

Ml502R 6, 7 or 8 Thin Film 1.5 

Ml511 4,6 or 8 Ferrite 1.5 
Ml511R 4,6,70r8 Ferrite 1.5 
Ml4415 15 Ferrite 1.5 
Ml4416 14 Ferrite 1.5 

2. Read/Write Signal Processing 

Part Number Function 

Ml4025 Data Separator for Rll (1, 7) Code 
Ml4041 Read Data Processor 
Ml4042 Ml4041 with Undervoltage Detector 
Ml4417, Ml4427 Zone Bit Recording IC 

Write Current 
Range (rnA) 

10 to 50 

10 to 50 

10 to 50 

10 to 50 

10 to 50 

10 to 50 

10 to 40 
10 to 40 
10 to 40 
10 to 40 

Disk Drive ICs 
Disk Drive Component 

Selection Guide 

Key Feature Package Options 

Write Current Disable Function PDIP-18, 22, 28; 
50-18, 24; PCC-28 

Internal Damping Resistors PDIP-18, 22, 28; 
50-18, 24; PCC-28 

Enhanced Write Stability PDIP-28, 40; 50-32; 
PCC-28,44 

Ml501 with Internal Damping Res. PDIP-28, 40; 50-28, 32; 
PCC-28,44 

Enhanced Write Stability PDIP-28, 40; 50-32; 
PCC-28,44 

Ml502 with Internal Damping Res. PDIP-28, 40; 50-32; 
PCC-28,44 

Improved Write Stability 50-24; PCC-28, 44 
Ml511 with Internal Damping Res. 50-24; PCC-28, 44 
Improved Write Current Stability PCC-44 
Chip Select Input PCC-44 

Key Feature Package Options 

33 MBits/sec Data Rate PDIP-24, PCC-28 
Fast AGC Recovery, 1 ns Pulse Pairing PDIP-24, 50-24, PCC-28 
Fast AGC Recovery, 1 ns Pulse Pairing PDIP-28, 50-28, PCC-28 
100 MHz VCO 50-16, PDIP-16 

Ml4568 Pulse Detector with Embedded Servo 5 V Only; 1 ns Pulse Pairing PCC-28 
Ml541 Read Data Processor 15 MBit/s Data Rate PDIP-24, CerDIP-24, PCC-28, 50-24 
Ml8464B Pulse Detector DP8464B Second Source PDIP-24, PCC-28 
Ml8464C Pulse Detector 1 ns Pulse Pairing PDIP-24, PCC-28 

3. Servo Control ICs 

Part Number Function Key Feature Package Options 

Ml4401 Servo Demodulator ECl Output VCO PDIP-28, PCC-28 
Ml4402 Servo Driver, External Power Drive low Offset (±5 mV) PDIP-20, PCC-20 
Ml4403 Servo Controller On-Chip Interpolation Function PDIP-20, PCC-20 
Ml4404 Analog Trajectory Generator User-Defined Trajectory, 2 DACs PDIP-28, PCC-28 
Ml4406 Servo Driver, Internal Power Drive Internal Threshold Reference PCC-20 
Ml4407 Servo Driver, Internal Power Drive External Threshold Reference PCC-20 
Ml4408 low Voltage Drop Servo Driver 5 V only or 12 V Operation 50-24 
Ml4413 Servo Controller Ml4403 with Ext. Amp. Nulling PDIP-24, PCC-28 
Ml4431 Servo Demodulator Enhanced Ml4401; TTL Output PCC-32 

4. Spindle Motor Control ICs 

Function Key Feature Package Options 

Sensorless Spindle Motor Control Back-EMF-Commutation PCC-28 
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'Micro Linear Disk Drive ICs 
Hard Disk Drive Data Path and 

Servo Control Diagram 

(L ___ -'---'\ TO 

r------------------------------~ 
TRACK HOLD/SEEK SERVO LOOP I 

I 
I 
I 

CONTROlLER 

TO 
CONTROlLER 

Micro linear provides a full set of Winchester Hard Disk Drive support chips including the data path and the head 
servo positioning path. Micro linear supports both dedicated and embedded servo disk drives with read-write 

preamps, pulse detectors, data separators, servo demodulators, controllers and drivers, and 8- and 10-bit 
data converters for digital servo systems. 
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GENERAL DESCRIPTION 
The MU17 devices are bipolar monolithic integrated circuits 
designed for use with center-tapped ferrite recording heads. 
They provide a low noise read path, write current control, 
and data protection circuitry for as many as six channels. The 
MU17 requires +SVand +12V power supplies and is availa­
ble in 2, 4, or 6-channel versions with a variety of packages. 
The MU17 contains exclusive circuitry that inhibits write 
current during device power-up, thereby eliminating power­
up "glitches" common to similar read/write circuits. 
The ML1l7R differs from the MU17 by having internal 
damping resistors. 

BLOCK DIAGRAM 

vee VODI GND Vom vcr 

r 1 
R/W 

MODE 
SELECT 

cs 
RDX 

ROY 

WDlo------------------r-q 

MLl17, MLl17R 
2, 4, or 6-Channel 

Read /Write Circuits 

FEATURES 
• Exclusive write current disable during power-up 
• Replacement for 551 32R117/117R 
• +Sv, +12Vpowersupplies 
• Single or multi-platter Winchester drives 
• Designed for center-tapped ferrite heads 
• Programmable write current source 
• Available in 2,4, or 6 channels 
• Easily multiplexed for larger systems 
• Includes write unsafe detection 
• TTL compatible control signals 

wus 

HOX 

HOY 

H1X 

il5 H1Y 

~ H2X 0-

S 
H2Y :l ::;: 

5 H3X 

:: H3Y C « 
I!i! H4X 

H4Y 

H5X 

H5Y 

we 
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ML117, ML117R 

PIN CONNECTIONS 
ML117-4 OR ML117R-4 

4 Channels 
ML117-40RML117R-4 

4 Channels 
22-PIN DIP 

24-PINSOIC 

HSO 
cs HSO 

HSI 
GND HSI 

WDI 
HOX WDI 

Vool 
HOY Vool 

Voo2 
HIX Vo02 

Vcr 
H1Y VeT 

H2X H3X 
H3X 

H2Y H3Y 
H3Y 

R/W NC 
WUS 

we NC 
we Vee 

RDX WUS 
ROY 

RDY Vee 

TOP VIEW 
TOP VIEW 

ML117-2 OR ML117R-2 ML117-6 OR ML117R-6 
2 Channels 6 Channels 

18-PIN SOIC AND DIP 28-PIN PCC 

cs HSO 
GND HSO HS2 

HOX I cs HSI I WDI 

GND WDI 
4 3 2 1 28 27 26 

NC Vool 

HOX Vo02 

HOY Vcr 

R/W HIX 

we H1Y 

RDX WUS 
R/W 

ROY Vee 

TOP VIEW 
12 13 14 15 16 17 18 

NC I ROY I wus I H3X 
RDX Vee H3Y 

TOP VIEW 

PIN DESCRIPTION 
NAME FUNalON NAME 

HSO-HS2 Head Select (six heads) RDX, RDY 

CS Chip Select (low level enables 
chip) WC 

R/W Read/Write (high level selects 
Read mode) VeT 

WUS Write Unsafe,open collecter out-
put (high level indicates alarm) Vee 

WDI Write Data In (negative transition VDDl 
toggles head current direction) VDD2 

HOX-H5X X head connections GND 
HOY-H5Y Y head connections 
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ML117-6 OR ML117R-6 
6 Channels 

28-PINDIP 

HSI 

cs HS2 

WDI 

HOX Vool 

HOY Vo02 

Vcr 

H1Y H5X 

H2X H5Y 

H4X 

R/W H4Y 

we H3X 

NC H3Y 

RDX WUS 

ROY Vee 

TOP VIEW 

Vool 

Vo02 

Vcr 

H5X 

H5Y 

H4X 

H4Y 

FUNCTION 

X, Y Read Data (differential read 
signal out) 
Write Current (used to set the write 
current magnitude) 
Voltage Center Tap (center tap 
voltage source) 

+5 volts 
+12 volts 
Positive supply for center tap 

Ground 



. ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Power Supply Voltage Range 
Vool ................................. -0.3 to 14Voc 
Vo02 ................................. -0.3to14Voe 
Vee ................................... -0.3 t06Voc 

Input Voltage Ra~ _ 
Digital Inputs (CS, R/W, HS, WDI) ..... -0.3 to Vee +O.3Voc 
Head Ports (HOX-H5X, HOY-H5Y) .... -0.3 to Vool +O.3Voe 
WriteUnsafe(WUS) ...................... -0.3to14Voc 

Write Current Ow) ................................ 60mA 
Output Current 

Read Data (RDX, ROY) ......................... -10 rnA 
Center Tap Current Ocr) ........................ -60mA 
Write Unsafe (WUS) ............................. 12 rnA 

Storage Temperature ...................... - 65°C to 150°C 
Junction Temperature CTJ) •••••••••••••••••••••••••• 125°C 
lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTE RISTICS 

ML117, ML117R 

OPERATING CONDITIONS 

Supply Voltage 
Vool ..................................... 12V±10% 
Vee ...................................... 5V±10% 
Vo02 .................................... 6.5toVool 

Head Inductance (lH) .......................... 5 to 151lH 
Damping Resistor (Ro, M1117 only) ............. 500 to 2000Q 
RCT Resistor (112 Watt) ......................... 130Q ± 5% 
Write Current Ow) ........................... 25 to SOmA 

Unless otherwise specified VDD1=12V ±10%, Vcc=5V ±10%, O°C<;TA<; 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 

POWER SUPPLY 

lee Vee Supply Current Read or Idle Mode 25 rnA 

Write Mode 30 rnA 

100 Voo Supply Current Read Mode 50 rnA 

Write Mode 30+lw rnA 

Idle Mode 25 rnA 

Po Power Dissipation Read Mode 600 mW 

Write Mode Iw- 50 rnA, Rcr-130Q 700 mW 

Write Mode Iw = 50 rnA, 1050 mW 
Rcr=OQ 

Idle Mode 400 mW 

DIGITAL INPUTS (CS R/W. HS WDI) , , , 
VIH High Voltage 2 Vee +0.3 Voc 

Vll low Voltage -0.3 0.8 Voc 

IIH High Current VIH -2.0V 100 ItA 
III low Current Vll-0.8V -0.4 rnA 

WUSOUTPUT 

VOl Output low Voltage 1m =8mA (Safe) Voc 

IOH Output High Current VoH -5V (Unsafe) ItA 
CENTER TAP VOLTAGES 

Vcr Read Mode Read Mode Voc 

Vcr Write Mode Write Mode Voc 
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ML117, ML117R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified Vool=12V±10%, Vcc=5V±10%, Iw=45 rnA, LH=lOIAH, Ro=750Q, fOATA-5MHz, 
CL (RDX, RDy)Et20pF, O°CEtTAEt70°C (Notes 2 and 3) (YIN is referenced to VcTfor Read Mode Characteristics). 

SYMBOL I PARAMETER CONDITIONS MIN TYP I MAX 

WRITE MOOE CHARACTERISTICS 

IWR Write Current Range Iw=K/Rwc 10 50 

K Write Current Constant 133 147 

VHO Differential Head Voltage Swing 8 

IHU U nselected Head Transient 2 
Current 

Coo Differential Output Capacitance 15 

Roo Differential Output Resistance MU17 10k 

MU17R 562 938 

fwol WDI Transition Frequency WUS=l.ow 250 

AI Iws to Head Current Gain 20 

IL Unselected Head Leakage Sum of X & Y Side Leakage Current 85 

READ MODE CHARACTERISTICS 
Av Differential Voltage Gain VIN -1 mV p.p@ 300 kHz, 80 120 

RL (RDX, ROY) = 1 kQ 

DR Dynamic Range DC Input Voltage (Vi) Where Gain Falls 10%, -3 +3 
VIN - V, +0.5 mVp.p@ 300 kHz 

BW Bandwidth (-3dB) IZsl<5Q,VIN-lmVRMs 30 

elN Input Noise Voltage BW-15MHz, LH=O, RH=O 2.1 

CIN Differential Input Capacitance 20 

RIN Differential Input Resistance MU17 2k 

MU17R 390 810 

liN Input Bias Current 45 

CMRR Common-Mode Rejection Ratio VCM-Vcr+lOOmVp.p@f-5MHz 50 

PSRR Power Supply Rejection Ratio lOOmVp.p@5MHzonVool,Voo2,orVcc 45 

CS Channel Separation Unselected Channels: 45 
VIN=lOOmVp.p@5MHz 
and Selected Channel: 
VIN-OmVp.p 

Vas Output Offset Voltage -480 +480 

VOCM Common-Mode Output Voltage Read Mode 5 7 

Write or Idle Mode 4.3 

RoUT Single-Ended Output Resistance f=5MHz 30 

IL Leakage Current, RDX, ROY RDX, ROY = 6 V Write or Idle Mode -100 +100 

la Output Cu rrent AC Coupled Load, RDX to ROY 2 

5-6 'Micro Linear 

UNITS 

rnA 

V 

VPK 

mApK 

pF 

Q 

Q 

kHz 

AlA 

,.A-

vtv 

mV 

MHz 

nVh/F1z 

pF 
Q 

Q 

,.A-
dB 

dB 

dB 

mV 

V 

V 
Q 

,.A-
mA 



M1117, M1117R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified Voo1 ~ 12V ± 10%, Vcc~5V ±1O%, Iw~45mA, LH ~ 1011H, Ro~ 750Q, fOATA ~ 5MHz, 
OOC";TA"; 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

SWITCH ING CHARACTE RISTICS 

tRW R/W to Write Switching Delay To 90% of Write Cu rrent Output 1 ,.,S 

tWR R/W to Read Switching Delay To 90% of 100 mV, 10MHz Read Signal 1 ,.,S 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of 1 ,.,S 
or l00mV, 10MHz Read Signal Envelope 
tlR 

tWI CS to Select Switching Delay To 90% Decay of 100 mV, 10MHz Read 1 ,.,S 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90% of 100mV, 10MHz Read Signal 1 ,.,S 
Envelope 

tOl Safe to Unsafe Iw~50mA 1.6 8 ,.,S 
Write Unsafe Delay 

t02 Unsafe to Safe Iw~50mA 1 ,.,S 
Write Unsafe Delay 

t03 Head Current Prop. Delay LH~O, RH~O From 50% points 25 nS 

t03 Head Cu rrent Asym metry WDI has 50% Duty Cycle and 1 nS Rise/Fall 2 nS 
Time 

Time Head Current Rise/ Fall 10% and 90% Points 20 nS 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (TJ) should not exceed 125°C. 

TIMING DIAGRAMS 

WDI 

WUS 

HEAD 
CURRENT 

IX,IY 

Write Mode Timing Diagram 
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MLl17, MLl17R 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
The Ml1l7, ML117R functions as a write driver or as a read 
amplifier for the selected head. Head selectio~and mode 
control are described in Tables 1 & 2. Both R/W and CS have 
internal pull-up resistors for the prevention of an accidential 
write condition. 

READ MODE 
In the Read Mode the ML1l7, ML1l7R is configured as a low 
noise differential amplifier, the write current source and the 
write unsafe detector are deactivated, and the write data flip­
flop is set. The RDX and ROY outputs are driven by emitter 
followers and are in phase with the "X" and "Y" head ports. 

The internal write current source is deactivated for both the 
Read and the Chip Deselect modes which eliminates the 
need for external gating of the write current source. 

WRITE MODE 
The Write mode configures the ML1l7, ML1l7R as a current 
switch and activates the Write Unsafe Detector. The head 
current is toggled between the X- and Y-side of the recording 
head on the falling edges ofWDI, Write Data Input. A pre­
ceding read operation initializes the Write Data Flip-Flop, 
WDFF, to pass current through the X-side of the head. The 
magnitude of the write current, given by: 

Iw = K/ Rwc, where K = Write Current Constant 

is set by the external resistor, Rwc, connected from pin WC 
toGND. 

Any of the following conditions will be indicated as a high 
level on the Write Unsafe, WUS, open collector output. 

• Headopen 
• Head center tap open 
• WDI frequency too low 
• Device in Read mode 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

Table 1. 

HS2 

0 

0 

0 

0 

1 

1 

1 

Table 2. 

CS 
0 

0 

1 
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Head Select 

HS1 HSO 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 X 

o = Logic Level Low 
1 = Logic Level High 
X = Don't Care 

Mode Select 

R/W 

0 

1 

X 

o = logic Level Low 
1 = Logic level High 
X = Don't Care 

HEAD 

0 

1 

2 

3 

4 

5 

NONE 

MODE 
Write 

Read 

Idle 



TYPICAL APPLICATION 

+5V 

2K 

Vee 

MICROPROCESSOR WUS 

AND R/W 
CONTROL LOGIC CS 

'-------+1 HSO 

'--------1 HSl 

'---------1 HS2 

WRITE DATA INPUT -----__ -1 WDI 

READ DATA OUTPUT 

NOTES: 
1. RCT is optional and is used to limit internal power dissipation 

(Otherwise connect V Dol to V Dol). 

RCT (1/2 Watt) = 130 (55/lw) ohms 
where Iw = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend ferroxcube 365906S/4A6. 

3. ROX and ROY load capacitance 20 pF maximum. RDX and ROY 
output current must be limited to l00J.fA. 

4. Damping resistors not required on ML117R. 

RDX 

RDY 

+12V 

I 100PF 

Ra(l) 

Vool Vo02 

Ml117 

'Micro Linear 

Mll17, M1117R 

(2) 

HO 

Hl 

H2 

H3 

H4 

H5 

READ/WRITE 
HEADS 

THERMAL CHARACTERISTICS 

28-Lead 
PDIP 
pce 

24-Lead 
sOle 
22-Lead 
PDIP 

18-Lead 
PDIP 
sOle 
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M1117, M1117R 

ORDERING INFORMATION 

NUMBER OF 
PART NUMBER PACKAGE CHANNElS 

Ml1l7-2CP l8-Lead Molded DIP 2 
Ml1l7R-2CP l8-Lead Molded DIP 2 
Ml1l7-2CS l8-Lead SOIC 2 
Ml1l7R-2CS l8-Lead SOIC 2 

Ml1l7-4CP 22-Lead Molded DIP 4 
Ml1l7R-4CP 22-Lead Molded DIP 4 
ML1l7-4CS 24-Lead SOIC 4 
Ml1l7R-4CS 24-Lead SOIC 4 

Ml1l7-6CP 28-Lead Molded DIP 6 
Ml1l7R-6CP 28-Lead Molded DIP 6 
Ml1l7-6CQ 28-Lead PeC 6 
Ml1l7R-6CQ 28-Lead PCC 6 

5-10 'Micro Linear 



'Micro Linear 

GENERAL DESCRIPTION 
The MLS01, MLS02 family of devices are bipolar monolithic 
read/write circuits designed for use with fixed disk center­
tapped recording heads. The MLS01 and MLS01R are de­
signed for use with ferrite recording heads while the ML502, 
ML502R and MLS025 are designed for thin film or composite 
heads. The Rand 5 designation in the part number indicate 
that these parts have internal head damping resistors. 

The MLS01, ML502 family provides up to eight multiplexed 
read/write data channels. These circuits exhibit features not 
found in similar read/write circuits such as improved write 
current stability and the elimination of write current "glit­
ches" during power-up. The exclusive MLS02 is identical to 
the ML501 except that the write unsafe detect circuitry is 
designed to operate with lower head inductance. 

BLOCK DIAGRAM 

~l501,~l501R,~l502, 
~l502R, ~l502S-Series 

6, 7, or 8-Channel 
Read /Write Circuits 

FEATURES 
• Exclusive write current disable during power-up 
• Enhanced write current stability 
• MLS01, MLS01R is replacement for SSI 32RS01/ S01R 

and is designed for center-tapped ferrite heads 
• MLS02, MLS02R, and MLS02S are designed for center-

tapped thin film or composite heads 
• Single or multi-platter Winchester drives 
• Easily multiplexed for larger systems 
• Available in 6, 7 or 8 channels 
• TTL compatible control signals 
• Programmable write current source 
• Includes write unsafe detection 
• Available in a selection of packages 
• +Sv, +12Vpowersupplies 

vee VODl GND VOD2 Vcr wus 

R/W 

Cso-----.q 

r l 
MODE 
SELECT 

RDXo---------------~--~ 

RDYo-----------------~r-~, 

WDlo------------------;-q 

wc 

'-Micro Linear 

HOX 

HOY 

H1X 

H1Y 

H2X 

ffi 
H2Y 

)( 

~ H3X 

6 H3Y 
:;;J 
::; 
!:: H4X 
0: 

~ H4Y 
2i 
~ H5X 

H5Y 

H6X 

H6Y 

H7X 

H7Y 
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~L501,~L501R,~L502,~L502R,~L502S 

PIN CONNECTIONS 
ML501-6 OR ML501R-6 

OR ML502-6 OR ML502R-6 
6 Channels 

ML501-8 OR ML501R-8 
OR ML502-8 OR ML502R-8 

8 Channels 

H2X 7 

28-P1N DlPANDSOIC 

MUST REMAIN 
OPEN 

,. 1li 

lOPV'EW 

we 
RDV 

RDX 

ML501-8 OR ML501R-8 
OR ML502-8 OR ML502R-8 

ORML502S-8 

H1X 
H1Y I NC 

8 Channels 
44-PIN Pee 

18 19 20 21 22 

H7X Vcr Vool 

TOPYIEW 

NC 

RIW 

we 
36 RDV 

35 lOX 

l4 HSO 

33 H51 

3l H52 

31 Vee 

WOI 

WUS 

HOX 

HOY 

HlX 

HIV 

H2X 

HZY 

H3X 

H3Y 

HOX 

H4Y 

HS> 

HSY 

H6X 

HOY 

H7X 

32·PINSOIC 

GNO 
MUST REMAIN 
OPEN 

1li 
R/W 

we 
ROY 

ROX 

HSO 

H51 

H52 

Vee 

WOI 

wus 
Voo' 
Voo2 

Vcr 

MLSOl-6 OR ML501R-6 
OR ML502-6 OR MLS02R-6 

ORML502S-6 
6 Channels 

28-PlNPCC 

HSY I VDO> I wus I Vee 
Vcr Vool WOI 

TOP VIEW 

PIN DESCRIPTION 
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NAME 

HSO-HS2 

CS 

R/W 

WUS 

WDI 

HOX-H7X 

HOY-H7Y 

FUNCTION 

Head Select (eight heads) 

Chip Select (low level enables 
chip) 

Read IWrite (high level selects 
Read mode) 
Write Unsafe, open collecter out­
put (high level indicates an unsafe 
writing condition) 

Write Data I n (negative transition 
toggles head current direction) 
X head connections 

Y head connections 

NAME 

RDX,RDY 

WC 

Vcr 

Vee 
Voo1 
Voo2 
GND 

'Micro Linear 

ML501-8 OR ML501R-8 
OR ML502-8 OR ML502R-8 

8 Channels 

H7Y 

4O-PiNDIP 

ML502S-7CQ 
ML502R-7CQ 

GND 
MUST REMAIN 
OP<N 
NC 

NC 

1li 

R/W 

we 
ROY 

oox 

H52 

Vee 

WOI 

wus 
NC 

NC 

V001 

HSY I H6Y I YOD2 I wus 
H6X Vcr YOD1 

TOPVIEW 

FUNCTION 

x, Y Read Data (differential read 
signal out) 
Write Cu rrent (used to set the write 
current magnitude) 
Voltage Center Tap (center tap 
voltage source) 

+5 volts 
+12 volts 
Positive supply for center tap 
Ground 



ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range Supply Voltage 
VDDl ................................. -0.3to14Voc VDDl ..................................... 12V:!:1O"Io 
VD02 ................................. -0.3 to 14Voc Vee ...................................... 5V:!:1O"Io 
Vee ................................... -0.3t06Voc Head Inductance 

Input Voltage Ra'!S.e _ 
Digital Inputs (CS, R/W, HS, WDI) ..... -0.3 to Vee +O.3Voc 

LH, ML501 or ML501R only ..................... 5 to 15J.1H 
LH, ML502, ML502R, ML502S only .......... 400 to l000nH 

Head Ports (HOX-H7X, HOY-H7Y .... -0.3 to VDDl +O.3VDe Damping Resistor (RD, ML501 only) ............. 500 to 2000Q 
Write Unsafe (WUS) ...................... -0.3 to 14Voc RCT Resistor (1/2 Watt) ......................... 120Q ± 5"10 

Write Current (Iw) ................................ GOmA WriteCurrent(lw) ........................... 22t050mA 
Output Current 

Read Data (RDX, ROY) ......................... -10mA 
Center Tap Current (lcr) ........................ -GOmA 
Write Unsafe (WUS) ............................. 12 mA 

Storage Temperature ...................... - 65°C to 150°C 
Junction Temperature {TJ) •.•.•..••••.••..•...••.••• 135°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified VDD1=12V:l:l0%, Vcc=5V:l:1O%, Rcr=120Q :1:5%, Iw=45mA, O°C",TA",70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 

POWER SUPPLY 

lee Vee Supply Current Read or Idle Mode 25 mA 

Write Mode 25 mA 

IDD V DD Supply Current Read Mode 48 mA 

Write Mode 25+lw mA 

Idle Mode 20 mA 

PD Power Dissipation Read Mode 770 mW 

Write Mode Iw=50mA 830 mW 

Write Mode Iw = 50 mA, 1125 mW 
Rcr=OQ 

Idle Mode 400 mW 

DIGITAL INPUTS (CS R/W. HS WDI) , , , 
VIH High Voltage 2 Voc 

VIL Low Voltage 0.8 VDe 

IIH High Current VIH=2.0V 100 ].IA 

IlL Low Current VIL=0.8V -0.4 mA 

WUSOUTPUT 

VOL Output Low Voltage IOL = 8 mA (Safe) VDe 

IOH Output High Current VoH =5V (Unsafe) ].IA 

CENTER TAP VOLTAGES 

Vcr Read Mode Read Mode Voc 

Vcr Write Mode Write Mode Voc 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified Vool=12V±lO%, Vcc=5V±lO%, Rcr-12OQ±5%, Iw=45mA, LH=lO",H (ML501, ML501R), 
LH-600nH (ML502, ML502R, ML502S), Ro=750Q (ML501), fOATA -5MHz, CL (RDX, RDY)~20pF, O°C~TA~70°C 
(Notes 2 and 3) !YiN is referenced to Vcr for Read Mode Characteristics). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 

IWR Write Current Range Iw=K/Rwc 10 50 rnA 

K Write Cu rrent Constant 129 151 V 

VHO Differential Head Voltage Swing 7.5 VPK 

IHU Unselected Head Transient 2 mApK 
Current 

COD Differential Output Capacitance 15 pF 

Roo Differential Output Resistance ML501, ML502 10k Q 

TJ=25°C ML501R, ML502S/ML502R 560/180 940/300 Q 

fwol WDI Transition Frequency WUS=Low 250 kHz 

AI lwe to Head Current Gain 20 AlA 

Il Unselected Head leakage Sum of X & Y Side Leakage Current 85 !lA 
READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN -l mVp.p@3OOkHz, 80 120 vtv 
Rl (RDX, ROY) -1 kQ 

DR Dynamic Range DC Input Voltage (Vr) Where Gain Falls 10%, -3 +3 mV 
VIN=VI+0.5mVp.p@3OOkHz 

BW Bandwidth (-3dB) Izsl<5Q,VIN-lmVp.p 30 MHz 

elN Input Noise Voltage BW-15MHz, LH=O, RH=O 1.5 nV/-vHz 

CIN Differential Input Capacitance f=5MHz 23 pF 

RIN Differential Input Resistance f=5MHz, TJ=25°C ML501, ML502 2k Q 

VIN =6mVp.p ML501R, ML502S/ML502R 530/180 7901300 Q 

liN I nput Bias Cu rrent (1 side) 100 !lA 
CMRR Common-Mode Rejection Ratio VCM=Vcr+loomVp.p@f-5MHz 50 dB 

PSRR Ptmer Supply Rejection Ratio lOOmVp_p@5MHzonVOD1, VDo2, or Vee 45 dB 

CS Channel Separation Unselected Channels: 45 dB 
VIN -100 mV Pop @ 5 MHz 
and Selected Channel: 
VIN=OmVp.p 

Vas Output Offset Voltage -480 +480 mV 

VOCM Common-Mode Output Voltage Read Mode 5 i V 

Write or Idle Mode 4.3 V 

RoUT Single-Ended Output Resistance f=5MHz 30 Q 

Rl External Resistive Load Per Side to GND 100 Q 
(AC Coupled to Output) 

Il Leakage Current, RDX, ROY 3V«RDX, RDY}<8V Write or Idle Mode -50 50 !lA 
Zo Center Tap Output Impedance OMHz.;;f';;5MHz 150 Q 

10 Output Current AC Coupled Load, RDX to RDY 2 rnA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDDl-12V ±10%, Vcc -5V ±10%, RCT-120Q ±5%, Iw-45mA, LH-lO/AH (ML501, ML501R), 
LH-600nH (ML502, ML502R, ML502S), RD-750Q (ML501), fDATA -5MHz, O°C";TA"; 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

SWITCHING CHARACTERISTICS 

tRW R/W to Write Switching Delay To 90% of Write Current Output 600 ns 

tWR R/W to Read Switching Delay To 90% of 100 mY, 10 MHz Read Signal 600 ns 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of 600 ns 
or 100 mY, 10MHz Read Signal Envelope 
tlR 

tWI CS to Unselect Switching Delay To 90% Decay of 100 mY, 10 MHz Read 600 ns 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90% of 100 mY, 10MHz Read Signal 600 ns 
Envelope 

tDl Safe to Unsafe Iw -50mA 1.6 8 us 
Write Unsafe Delay 

tD2 Unsafe to Safe Iw -20mA 1 us 
Write Unsafe Delay 

tD3 Prop. Delay Head Current lH-O, RH-O From 50% points 25 40 ns 

tD3 Asymmetry Head Current WDI has 50% Duty Cycle and 1 nS Rise/ Fall 2 ns 
Time 

Rise/Fall Head Current 10% and 90% Points 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (TJl should not exceed 135°C. 

TIMING DIAGRAM 

WDI 

WUS 

HEAD 
CURRENT 

IX,IY 

Write Mode Timing Diagram 
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~L501,~L501R,~L502,~L502R,~L502S 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the MLS01, MLS02 functions as a read 
amplifier when in the Read mode, or as a write current 
switch when in the Write mode. Pins HSO, HSl and HS2 
determine head selection while pin R/W controls the Read/ 
Write mode. A detected "write-unsafe" condition is indi­
cated by pin WUS. 

READ MODE 
When the MLS01, MLS02 is in the Read Mode, it operates as 
a low-noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop is set and both the write 
unsafe detector and the write current source are deactivated. 
The center tap voltage is also lowered. Pins RDX and RDY 
provide differential emitter follower outputs which are in 
phase with the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter­
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 
The MLS01, MLS02 operates as a write-current switch when 
in the Write mode. Write current magnitude is determined by 
the following relationship: 

Iw = K/Rwc 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin WC and 
GND. 

The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the MLS01, MLS02 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to pass write 
current through the X-side of the head. 

The MLS01, MLS02 exhibit enhanced write current stability, 
compared to similar read /write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The MLS02, MLS02R, MLS02S differ from the MLS01, 
MLS01R by having write unsafe detect circuitry that is de­
signed to operate with lower amplitude write pulse voltages, 
which result from the lower head inductance of thin film or 
composite heads. 

Table 1. 

HS2 

0 

0 

0 

0 

1 

1 

1 

1 

Table 2. 

CS 

0 

0 

1 
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Head Select 

HS1 HSO 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

o - Logic Level Low 
1 - Logic Level High 
X - Don't Care 

Mode Select 

R/W 

0 

1 

X 

o - Logic Level Low 
1 - Logic Level High 
X = Don't Care 

HEAD 

0 

1 

2 

3 

4 

5 

6 

7 

MODE 

Write 

Read 

Idle 



~L501,~L501R,~L502,~L502R,~L502S 

TYPICAL APPLICATION 

+SV +12V 

2K Ra(I) 

Vee VDm VDD2 

NOrES: 

r.M:I:C:RO=PR:OC:::E:S:SO:R]..I---1-~ WUS 

AND 1------+/ R/W 
CONTROL LOGIC cs 

L-____ -'l~ HSO 

L-_____ -'l~ HSI 

'---------i~ HS2 

WRITE DATA INPUT-----.... WDI 

~~---;I~RDX 
(3) READ DATA OUTPUT 

~;--~-;I~ROY 

lK 

1. ReT is optional and is used to limit internal power dissipation 
(Otherwise connect Vou 1 to V o,,2l. 
RCT (1/2 Watt) • 120 (SO/Iw) ohms 
where Iw = Write Current, in mA 

2. Ferrite bead optional: used to suppress write cur""" overshoot 
and ringing. Recommend ferroxcube 3659065/4A6. 

3. RDX and ROY load capacitance 20pF maximum. RDX and ROY 
output curR!l1l must be limited to 100,,",. 

4. Dampill8 resistors not required on MLS01R or MLS02R. 

ML501/501R 
ML502/502R 

ML502S 

'Micro Linear 

(2) 

HO 

HI 

H2 

H3 

H4 

HS 

H6 

H7 

READ/WRITE 
HEADS 
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~L501,~L501R,~L502,~L502R,~L502S 

ORDERING INFORMATION 

NUMBER OF TRANSDUCER 
PART NUMBER PACKAGE CHANNELS HEAD lYPE 

MLS01-6CP 28-Lead Molded DIP 6 
MLS01-6CQ 28-Lead PCC 6 
MLS01-6CS 28-Lead SOIC 6 Ferrite Heads 
MLS01-8CP 4O-Lead Molded DIP 8 
MLS01-8CQ 44-lead PCC 8 
MlS01-8CS' 32-lead SOIC 8 

MLS01R-6CP 28-lead Molded DIP 6 
MlS01R-6CQ 28-lead PCC 6 
MLS01R-6CS 28-lead SOIC 6 Ferrite Heads MlS01R-8CP 40-lead Molded DIP 8 
MlS01R-8CQ 44-lead PCC 8 
MLS01 R-8CS' 32-lead SOIC 8 

MlS02-6CP 28-lead Molded DIP 6 
MlS02-6CQ 28-lead PCC 6 
MlS02-6CS 28-lead SOIC 6 Thin Film or 
MLS02-8CP 40-lead Molded DIP 8 Composite Heads 
MlS02-8CQ 44-lead PCC 8 
MlS02-8CS' 32-lead SOIC 8 

MlS02R-6CP 28-lead Molded DIP 6 
MLS02R-6CQ 28-lead PCC 6 
MlS02R-6CS 28-lead SOIC 6 Thin Film or MLS02R-7CQ 28-lead PCC 7 Composite Heads MlS02R-8CP 40-lead Molded DIP 8 
MLS02R-8CQ 44-lead PCC 8 
MlS02R-8CS* 32-lead SOIC 8 

MlS02S-6CQ 28-lead PCC 6 Thin Film or 
MlS02S-7CQ 28-lead PCC 7 Composite Heads MlS02S-8CQ 44-lead PCC 8 

* This package is available as a speCial order only. 

5-18 'Micro Linear 



'Micro Linear 

GENERAL DESCRIPTION 
The MLSll is a bipolar monolithic read/write circuit designed 
for use with center-tapped ferrite recording heads. The 
MLSll and MLSllR are performance upgrades from the 
MLS01 and MLS01R. The R designation in the part number 
indicates that this part has internal head damping resistors. 

The MLSll provides upto eight multiplexed read/write data 
channels. These circuits exhibit features not found in similar 
read/write circuits such as improved write current stability 
and the elimination of write current "glitches" during power­
up. The MLSll also provides a low noise read data path, and 
data protection circuitry for all of the channels. 

BLOCK DIAGRAM 

Vee VODl GND 

r l 
R/W 

MODE 
SHEer 

Cs 

RDX 

RDY 

WDI 

HSO 
HSI 
HS2 

April 1989 
PRELIMINARY 

ML511, ML511 R-Series 
4, 6, 7, or 8-Channel Ferrite 

Read/Write Circuits 

FEATURES 
• Enhanced write current stability 
• ML511, ML511R is replacement for SS132R511/511R and 

is designed for center-tapped ferrite heads 
• Single or multi-platter Winchester drives 
• Easily multiplexed for larger systems 
• Power supply fault protection 
• 1.5 nV / \f'RZ maximum input noise voltage 
• TIL compatible control signals 
• Programmable write current source 
• Includes write unsafe detection 
• Available in a selection of packages 
• +5V, +12V power supplies 

wus 

HOX 

HOY 

HIX 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

H4X 

H4Y 

H5X 

H5Y 

H6X 

H6Y 

H7X 
we 

H7Y 
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ML511, ML511R 

PIN CONNECTIONS 

Ml511-6 OR Ml511R-6 ML511-8 OR ML511R-8 
6 Channels 8 Channels 

l8-PIN DIP AND sOle 32-PIN sOle 

GND HOX GND 

NC HOY NC 

cs HlX cs 
R/W HIV R/W 

WC H2X we 

ROY H2Y ROY 

RDX Hl< RDX 

HSO H3Y HSO 

H51 
H4X H51 

H52 
H4Y H52 

Vee 
HS< Vee 

WDI HSY WDI 

Va WUS H" WUS 

Voo1 
H6Y Vool 

H7J( Vaal 

H7Y Vcr 

Ml511-6 OR ML511R-6 
6 Channels 

ML511R-7CS 
28-Lead SOIC 

28-PIN pee 

H1X HOX NC 
HlY I HOY I GND I cs 
4321282726 

12131415161718 

H5Y I Vool I wus! Vee 
Va Von1 WDI 

TOP VIEW 

20 HS1 

19 H52 

HOX 

HOY 

H1X 

H1Y 

H2X 

HlY 

H3X 

H3Y 

H4X 

H4Y 

HSX 

HSY 

H6X 

H6Y 

2a·PIN sOle 

PIN DESCRIPTION 
NAME 

HSO-HS2 

CS 

R/W 

WUS 

WDI 

HOX-H7X 

HOY-H7Y 

FUNalON 

Head Select (eight heads) 

Chip Select (low level enables 
chip) 

Read/Write (high level selects 
Read mode) 

Write Unsafe, open collecter out­
put (high level indicates an unsafe 
writing condition) 

Write Data In (negative transition 
toggles head current direction) 

X head connections 

Y head connections 

ML511-8 OR ML511R-8 
8 Channels 

40-PIN DIP 

GND 

ML511-8 OR ML511R-8 
8 Channels 

H1X NC HOX NC NC 
HWINC HOYIGNOICSINC NC 

NC 

NC 

cs 
RtW 

H2X 7 

HSY 

H6Y 

NC 

NC 

H7Y 

GND 

R/W 

WC 

ROY 

RDX 

HSO 

H51 

H52 

Vee 

WDI 

WU, 

VOD1 

YOD2 

Va 

H2X 

ROY 

RDX 

HSO 

H51 

US2 

Vee 

WDI 

WUS 

NC 

NC 

Vool 

Vool 

VCT 

TOP VIEW 

ML511R-7CQ 
28-Lead PCC 

la-PIN pee 

HlX HOX R/W 
HlY I HOY I GND I we 

4 3 2 1 28 27 " 

12131415161718 

NC 
H7X Vcr Vool 

TOP VIEW 

R/W 

we 
ROY 

RDX 

HSO 

H51 

H52 

WDI 

Ml511-4 OR ML511R-4 
4 Channels 

24-PIN sOle 

GND NC 

NC ('S 

HOX alW 

HOY we 
HlX ROY 

HIV RDX 

H2X HSO 

H2Y H51 

Vee H3X Vee 

H3Y WDI 

Va WUS 

HSY I H6Y I Vom I WUS 
Vool Vool 

H6X Vcr Yom 

TOP VIEW 

NAME 

RDX, RDY 

WC 

VeT 

Vee 
Voo1 
Voo2 
GND 

FUNalON 

X, Y Read Data (differential read 
signal out) 

Write Current (used to set the write 
current magnitude) 

Voltage Center Tap (center tap 
voltage source) 

+5 volts 

+12 volts 

Positive supply for center tap 

Ground 
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ML511, ML511R 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range Supply Voltage 
Vaal ................................. -0.3to14Vac Vaal ..................................... 12V±10% 
Vaa2 ................................. -0.3to14Vac Vcc ............ . ................ 5V±10% 
VCC ................................... -0.3t06Vac Head Inductance 

Input Voltage Range LH, ML511 or ML511R ......................... 5 to 151'H 
Digital Inputs «3, R/W, HS, WDI) ..... -0.3 to Vcc +O.3Vac Damping Resistor (Ra, ML511 only) ............. 500 to 2000Q 
Head Ports (HOX-H7X, HOY-H7Y .... -0.3 to Vaal +O.3VDC RCT ReSistor (1/4 Watt) ......................... 120Q ± 5% 
WriteUnsafe(WUS) ...................... -0.3to14Vac Write Current (lw) ............................ 10 to 40mA 

Write Current (lw) ................................ 60mA 
Output Current 

Read Data (RDX, ROY) ......................... -10mA 
CenterTapCurrent(la) ........................ -60mA 
Write Unsafe (WUS) ............................. 12mA 

Storage Temperature ...................... -65°Cto 150°C 
Junction Temperature (TJ) .......................... 135°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified VDD1-VDD2-12V±10%, Vcc-5V±10%, Rcr-120Q ±5%, Iw-40mA, OOC<O;TA<O;70°C 
(Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 

POWER SUPPLY 

Icc Vcc Supply Current Read or Idle Mode 35 mA 

Write Mode 30 mA 

laa Vaa Supply Current Read Mode 35 mA 

Write Mode 20+lw mA 

Idle Mode 20 mA 

Pa Power Dissipation Read Mode 655 mW 

Write Mode Iw - 40 mA, 960 mW 
Ra-OQ 

Idle Mode 455 mW 

DIGITAL INPUTS (CS, RIW, HS, WDI) 
VIH High Voltage 2 Vac 
VIL Low Voltage O.B Vac 

IIH High Current VIH-2.0V 100 ~ 
IlL Low Current VIL -O.BV -0.4 mA 

WUSOUTPUT 

VOL Output Low Voltage IOL - 8 mA (Safe) VDC 

IOH Output High Current VoH -5V (Unsafe) ~ 
CENTER TAP VOLTAGES 

Va Read Mode Read Mode Voc 

Va Write Mode Write Mode Vac 

'Micro Linear 5-21 
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ML511, ML511R 

ELECTRICAL CHARACTERISTICS (Conti~ued) 
Unless otherwise specified V DD1=12V±10%, Vcc=5V±10%, Rcr=120Q±5%, Iw=35mA, LH=10",H, RD=750Q (ML511), 
fDATA =5MHz, CL (RDX, RDY)';; 20pF, O°C';; TA';; 70°C (Notes 2 and 3) (YIN is referenced to Vcr for Read Mode Characteristics). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 
IHCW Head Current (per side) Write Mode -200 200 ,.A-

0"; Vcc"; 3.7V 
0"; VDD 1"; 8.7V 

IWR Write Current Range Iw=K/Rwc 10 40 mA 

K Write Current Constant 2.375 2.625 

VHD Differential Head Voltage SWing 7.0 VPK 

IHU Unselected Head TranSient 2 mApK 
Current 

COD Differential Output Capacitance 15 pF 

Roo Differential Output Resistance ML511 10k Q 

TJ=25°C Ml511R 600 960 Q 

fwol WDI TranSition Frequency WUS-low 250 kHz 

AI Iwc to Head Current Gain 0.99 mA/mA 

IL Unselected Head leakage Sum of X & Y Side leakage Current 85 ",A 

READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN = 1 mVp.p@3OOkHz, 85 115 VIV 
RL (RDX, ROY) -1 kQ 

DR Dynamic Range DC Input Voltage (W Where Gain Falls 10%, -3 +3 mV 
VIN=VI+0.5mVp.p@3OOkHz 

BW Bandwidth (-3dB) /Zs/<5Q,VIN =lmVp.p 30 MHz 

elN Input Noise Voltage BW=15MHz, lH-O, RH=O 1.5 nVI \1Hz 
CIN Differential Input Capacitance f=5MHz 20 pF 

RIN Differential Input Resistance f-5MHz, TJ=25°C Ml511 2k Q 

VIN -6mVp.p Ml511R 460 860 Q 

IHCR Head Current (per side) Read or Idle Mode -200 200 ,.A-
0";Vcc";5.5V 
0";Voo1";13.2V 

liN Input Bias Current (1 side) 45 ,.A-

CMRR Common-Mode Rejection Ratio VCM=Vcr+loomVp.p@f-5MHz 50 dB 

PSRR Power Supply Rejection Ratio lOOmVp.p@5MHzonVool, Vo02, orVcc 45 dB 

CS Channel Separation Unselected Channels: 45 dB 
VIN =lOOmVp_p@5MHz 
and Selected Channel: 
VIN-OmVp.p 

Vos Output Offset Voltage Read Mode -460 +460 mV 

Write or Idle Mode -20 +20 mV 

VOCM Common-Mode Output Voltage Read Mode 4.5 6.5 V 

Write or Idle Mode 5.3 V 

RoUT Single-Ended Output Resistance f-5MHz 30 Q 

IL leakage Current, RDX, ROY (RDX, ROY)-6VWriteor Idle Mode -100 100 ,.A-

10 Output Current AC Coupled load, RDX to ROY ±2.1 mA 
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ML511, ML511R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified Vool = 12V ±10%, Vcc=5V ±10%, RCT= 120Q ±5%, Iw= 35 mA, LH= lOIlH, Ro= 750Q (ML511), 
fOATA =5MHz, O°C~TA~ 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

SWITCHING CHARACTERISTICS 

tRW R!W to Write Switching Delay To 90% of Write Current Output 1 I's 

tWR R!Wto Read Switching Delay To 90% of 100m V, 10MHz Read Signal 1 I's 
Envelope or to 90% Decay of 
Write Cu rrent 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of 1 I's 
or l00mV, 10MHz Read Signal Envelope 
tlR 

tWI CS to Unselect Switching Delay To 90% Decay of 100 mV, 10 MHz Read 1 I's 
or Signal Envelope or to 90% Decay of Write 

tRI Current 

tHS Head Select Switching Delay To 90% of 100m V, 10MHz Read Signal 1 I's 
Envelope 

tOl Safe to Unsafe Iw=35mA 1.6 8 us 
Write Unsafe Delay 

t02 Unsafe to Safe Iw=35mA 1 us 
Write Unsafe Delay 

t03 Prop. Delay Head Current LH=O, RH=O From 50% points 25 ns 

Asymmetry Head Current WDI has 50% Duty Cycle and 1 nS Rise! Fall 2 ns 
Time 

Rise! Fall Head Current 10% and 90% Points 20 ns 

Note t: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (TJl should not exceed 135°C. 

TIMING DIAGRAM 

WDI 

WUS 

HEAD 
CURRENT 

IX,IY 

Write Mode Timing Diagram 
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ML511, ML511R 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the ML511 functions as a read ampli­
fier when in the Read mode, or as a write current switch 
when in the Write mode. Pins HSO, HSl and HS2 determine 
head selection while pin R/W controls the Read/Write 
mode. A detected "write-unsafe" condition is indicated by 
pinWUS. 

READ MODE 
When the ML511 is in the Read Mode, it operates as a low­
noise differential amplifier on the selected channel. In Read 
mode the write data flip-flop is set and both the write unsafe 
detector and the write current source are deactivated. The 
center tap voltage is also lowered. Pins RDX and RDY provide 
differential emitter follower outputs which are in phase with 
the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter­
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 
The ML511 operates as a write-current switch when in the 
Write mode. Write current magnitude is determined by the 
follOWing relationship: 

Iw = K/Rwc 
Where: K = Write Current Constant 

Rwc - Resistance connected between pin WC and 
GND. 

The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML511 to write mode, the WDFF 
(Write Data Flip-Flop) is initialized to pass write current 
th rough the X-side of the head. 

The ML511, ML511R exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML511 also offers a voltage fault detection circuit that 
prevents write current during power-loss or power-up. 

Table 1. 

HS2 
0 

0 

0 

0 

1 

1 

1 

1 

Table 2. 

cs 
0 

0 

1 
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Head Select 
HS1 HSO 
0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

o = logic Level Low 
1 - logic Level High 
X = Don't Care 

Mode Select 

R/W 

0 

1 

X 

o = logic Level Low 
1 - logic Level High 
X - Don't Care 

HEAD 
0 

1 

2 

3 

4 

5 

6 

7 

MODE 

Write 
Read 

Idle 



TYPICAL APPLICATION 

+5V +12V 

2K Ro(1) 

Vee VOD1 VDD2 

NOTES: 

r.M:I:C:RO:::PR:O:C:E:S:SO:RJ..o-J.-~ WUS 

AND 1-----1 R/W 
CONTROL LOGIC cs 

'-------1 HSO 
L-_____ --I~ HSI 

L-______ --;~ HS2 

WRITE DATA INPUT -------1 WDI 

~~---ilr-;RDX 
READ DATA OUTPUT 

---+-~H ROY 

1. RCT is "\,,ional and is used to limit internal_r dissipation 
(OtherwIse connect Voul to Voo2). 

RCT(1/2Watt) = 12O(40/I~ohms 
where Iw = Write Current, In mA 

2. Ferrite head optional: used to suppress write wrrent ovenhoot 
and ringins. IIecommend Ferroxwbe 365'J065/4A6. 

3. ROX and ROY load capacitance 20pF maximum. RDX and ROY 
output wrrentmust be limited to 100""," 

4. Damping resistors not required on ML511R. 

MLSt1/5t1R 

we 
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(2) 

HO 

HI 

H2 

H3 

H4 

H5 

H6 

H7 

ML511, ML511R 

READ/WRITE 
HEADS 
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ML511, ML511 R 

ORDERING INFORMATION 

PART NUMBER PACKAGE 

Ml511-4CS 24-Lead SOIC 
ML511R-4CS 24-Lead SOIC 

ML511-6CP 28-Lead Molded DIP 
ML511R-6CP 28-Lead Molded DIP 
Ml511-6CQ 28-Lead PCC 
ML511R-6CQ 28-Lead PCC 
ML511-6CS 28-Lead SOIC 
ML511R-6CS 28-Lead SOIC 

Ml511R-7CS 28-Lead SOIC 
ML511R-7CQ 28-Lead PCC 

Ml511-8CP 4O-Lead Molded DIP 
Ml511R-8CP 4O-Lead Molded DIP 
ML511-8CQ 44-Lead PCC 
Ml511R-8CQ 44-Lead PCC 
Ml511-8CS 32-Lead SOIC 
ML511R-8CS 32-Lead SOIC 

THERMAL CHARACTERISTICS 

5-26 

PIN COUNT 

24-Lead 
28-Lead 
28-Lead 
28-Lead 
32-Lead 
44-Lead 
4O-Lead 

PACKAGE 

SOIC 
PDIP 
PCC 
SOIC 
SOIC 
PCC 
PDIP 

'Micro Linear 

NUMBER OF CHANNELS 

8ja 

75°C/W 
55°C/W 
65°C/W 
70°C/W 
60°C/W 
60°C/W 
45°C/W 

4 
4 

6 
6 
6 
6 
6 
6 

7 
7 

8 
8 
8 
8 
8 
8 
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GENERAL DESCRIPTION 
The ML541 is a monolithic bipolar integrated circuit for use in 
a disk drive system to detect analog pulse peaks generated by 
the recording head during a Read operation. Connected to 
the read/write amplifier output, it detects valid data and 
provides a TTL output to the data separator for further proc­
essing. It contains both analog and digital circuitry and sup­
ports the reading of MFM and RLL encoded data at rates up 
to 15 megabits/second. 

The primary functional blocks within the device include an 
AGC amplifier, a level detector, a slope detector, and output 
logic. Operating modes Read, Write, and Hold are selectable 
with input logic signals. Read mode is used for pulse peak 
detection during a Read operation. Write mode disables the 
device's ouput during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali­
dation and peak time detection is acheived. The ML541 per­
formance can be adjusted to fit particular needs through 
external component selection. 

The ML541 is available both in a 24-pin PDIP and 28-pin 
pce. 

SIMPLIFIED BLOCK DIAGRAM 

I 
I 
L _____ _ 

ML541 
Read Data Processor 

FEATURES 
• Second source for SSI 541 
• Data rates up to 15 megabits! second 
• Supports MFM and RLL encoded read data 
• 25 MHz wide-bandwidth AGe amplifier 
• Fast AGe region for fast transient recover 
• Slow AGe region for minimum zero crossing distortion 
• Write to read transient suppression 
• Supports embedded servo decoding 
• +5\1, +12V power supplies 

THRESHOLD 

L...--_--'I 
I 
I 
I -----_ ....... 

H\'S 

RO 
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ML541 

PIN CONNECTIONS 

24-Pin DIP and SOIC Package 

DIF_ CIN+ 

DIF+ DIN+ 

HYS C'N_ 

LEVEL D'N_ 

AGC OUT-

IN+ OUT+ 

IN- AGND 

HOLDB BYP 

Voo DGND 

Cour Dour 

R/WB RD 

LEVEL 

AGC 

IN+ 

IN-

HOLDB 

Voo 

Cour 

28-Pin PCC Package 

HYS D'F _ D'N + 
NC I D'F+ I C,N+ I C'N-

4321282726 

21 

12 13 14 15 16 17 18 

NC 

D'N-

OUT-

OUT+ 

AGND 

BYP 

DGND 

OS Vee 
R/WB I NC I RD I Dour 

TOP VIEW 

PIN DESCRIPTION 

NAME 

Vee 
VDD 

AGND 
DGND 
R/WB 

IN+,IN­
OUT+,OUT­

BYP 

HOLDB 

AGC 

FUNCTION 

+5V 
+12V 
Analog Ground. 
Digital Ground. 
TTL compatible Read/Write Control 
pin. 
Analog Signal Input pins 
AGC Amplifier Output pins 
The AGC timing capacitor CAGe is 
tied between this pin and AGND. 
TTL compatible pin that holds the' 
AGC gain when pulled low. 
Reference input voltage level for the 
AGC circuit. 
Analog input to the hysteresis com­
parator. 

NAME 

HYS 

LEVEL 

DOUT 

CaUT 

OS 

RD 

TABLE 1 MODE SELECT 

R/WB HOLDB MODE DESCRIPTION 
1 1 READ AGe amp section active, Digital section active. 
1 0 HOLD AGe gain constant, Digital section active. 
0 X WRITE " AGe gain maximum, Digital section inactive, 

Input common mode resistance reduced. 

5-28" 'Micro Linear 

OS Vee NC 

TOP VIEW 

FUNCTION 

Input for setting hysteresis level of the 
hysteresis comparator. 
Provides rectified signal level for input 
to the hysteresis comparator. 
Buffered test point for monitoring D 
input of the flip-flop. 
Analog input to the differentiator. 
External differentiating network con­
nection pins. 
Buffered test point for monitoring the 
clock input to the flip-flop. 
Connection for read output pulse 
width setting capacitor Cos. 
TTL compatible read output. 

o logic level low 
1 logic level high 
X Don't care 



ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Power Supply Voltage Range 
Vcc ................................... -0.3to6Voc 
Voo .................................. -0.3 to 14Voc 

Terminal Voltage Range 
R/WB, IN+, IN-, HOLDB ........... -O.3VtoVcc +O.3V 
RD ..................... -0.3VtoVcc +O.3Vor +12mA 
Allothers ......................... -0.3VtoVoo +O.3V 

Storage Temperature Range ................ -65°Cto +150°C 
Junction Temperature (fJ) ..............•.•.•.....• +135°C 
Lead Temperature (Soldering, 10sec) .................. 260°C 

ELECTRICAL CHARACTE RISTICS 

ML541 

OPERATING CONDITIONS 
Supply Voltage 

Vcc ...................................... 5V±10% 
Voo ..............................•...... 12V±10% 

V(CIN+-CIN_)' V(OIN+-OIN_) ........................ 1Vp•p 
VHYS ........................................... 1.0V 
Cos ...................................... SOto2oopF 
Typical Component Values (Refer to Typical Applications) 

CIN ........................................ 0.001jlF 
Cs .......................................... O.01jlF 
CaUl ..................................... 0.0047jlF 
Roul ........................................ 40012 
CAGC1 ...........................•........... 220pF 
CAGC2 ..•..•••.••.•••.•••••••••••••.••••••••• 2000 pF 
RAGC ......................... .'............. 2.21 kQ 
CLEVEL ....................................... 150pF 
RLEVELl ...................................... 1.54kQ 
RLEVEL2 ..................................... 6.49 kQ 
Cos .......................................... 50pF 

The following specifications apply over the recommended operating conditions of Vee = 5 V ± 10%, VDD-12V ± 10%, 
O°C <TA < 70°C and external components as specified under recommended operating conditions unless otherwise specified. 
(See Note 2.) 

SYMBOL PARAMETER CONDITIONS 

DC Characteristics 

Icc Vcc Supply Current Outputs unloaded 

100 Voo Supply Current Outputs unloaded 

Po Power Dissipation Outputs unloaded, 
TA -70°C 

Digital Inputs Characteristics (HOLDB R/WB) , 
VIH High Voltage 

VIL Low Voltage 

IIH High Current VIH -2.4V 

IlL Low Cu rrent VIL -O.4V 

Digital Outputs Characteristics (Couv RD) 

VOL Output Low Voltage IOL -4 rnA 

VOH Output High Voltage IOH-4OOjlA 

WRITE AND HOLD MODE CHARACTERISTICS 

Mode Control 
tRW 

tWR 

tRH 

Write Mode 

Read to Write 
Transition Time 

Write to Read Transition Time 

Read to Hold Transition Time 

Common Mode Input 
Impedance (both sides) 

/lC,C settling not included, 
time to high input resistance 

R/WB pin = low 

'Micro Unear 

UNITS 

14 rnA 

70 rnA 

930 mW 

2 V 

O.B V 

100 jlA 

-0.4 rnA 

V 

V 

1 jls 

1.2 3 jlS 

1 jlS 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, V DO = 12 V ± 10%, 
0°C<TA<70°C, IN+ and IN- AC coupled, OUT + and OUT - differentially loaded with >6OOQ and each side loaded with 
<lOpFtoGND, CBYP-2000pF, OUT + and OUT - AC coupled to DIN+and DIN- respectively, VAGc=2.2Vunlessotherwise 
specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS UNITS 

READ MODE CHARACTERISICS 
AGC Amplifier 
RID Differential I nput Resistance VUN+-IN-I= l00mVp.p@2.5MHz 5 kQ 

CIO Differential Input Capacitance VUN+_IN_I=100mVp.p@2.5MHz 10 pF 

ZIC Common Mode Input R/WB pin high 1.8 kQ 
Impedance (both sides) R/WBpiniow 0.25 kQ 

AVR Gain Range lVP_P<ltVOUTdlff<2.5Vp_p 4 83 VIV 

eN Input Noise Voltage Gain set to maximum 30 nVI VHz 
BW Bandwidth Gain set to maximum, -3dB point 25 MHz 

VOP Maximum Output Voltage SetbyVAGC 3 Vp_p 
Swing 

100 OUT + to OUT - Pin Current No DC path to GND, See Note 3 ±3.2 rnA 

Ro Output Resistance 20 30 Q 

Co Output Capacitance 12 pF 

VIP (DIN+-DIN -) Input Voltage 30mVp.p<lt VUN+-IN-I<It 550mVp_p, 0.48 Vp_plV 
VAGC Swing VS AGC Input level 1.5V<ltVAGc<lt3.75V 

VIP (DIN+-DIN -) Input Voltage 30mVp_p<VUN+_IN_I<550mvp_p, +8 % 
Swing Variation AGC Fixed, over supp y and temp. 

to Gain Decay Time See Figure la; VIN -300mVp_p 50 I-'s 
then >150mVp_pat2.5MHz, 
VOUTto 90% offinal value. 

tA Gain Attack Time See Figure lb; from Write to Read 4 I-'s 
transition to VouTat 110% offinal 
value, VIN=400mVp_p@2.5MHz 

IAGCfc Fast AGC Capacitor V(0IN+-0IN_I-1.6\1, VAGc=3.0V 1.5 rnA 
Charge Current 

IAGCsc Slow AGC Capacitor V(0INr OIN_I-l.6\1, VaryVAGC until 0.17 rnA 
Charge Current slow discharge begins 

Fast to Slow Attack V(OIN+-OIN_1 1.25 -
Switchover Point 

V(OIN+-OIN_1 Final 

IAGCD AGC Capacitor V(Ollllr~N_I=O.OV 
Discharge Current ReacMo e 4.5 ,..A 

Hold Mode -0.2 +0.2 ,..A 
CMRR CMRR (Input Referred) VIN+=VIN- = 100 mVp_p 40 dB 

@5MHz,gainatmax. 

PSRR PSRR (Input Referred) Vcc orVoo=l00mVp_p 30 dB 
@5MHz,gainatmax. 

Hysteresis Comparator 

VIP Input Signal Range 1.5 Vp_p 

RIO Differential Input Resistance V(0IN+_0IN_I-100mVp_p@2.5MHz 5 15 kQ 

CIO Differential Input Capacitance V(0INrOIN_I-l00mVp_p@2.5MHz 6.0 pF 

ZIC Common Mode Input (both sides) 2.0 kQ 
Impedance 

VIO Comparator Offset Voltage HYS pin at - 0.5 \I, <It 1.5 kQ across 5 mV 
DIN+, DIN _ 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, V DD = 12 V ± 10%, 
O°C~TA ~ 70°C, IN + and IN - AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pFto GND, CBYP= 2000pF, OUT + and OUT - AC coupled to DIN+ and DIN- respectively, VAGc=2.2V unless otherwise 
specified. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

READ MODE CHARACTERISICS (Continued) 

Hysteresis Comparator (Continued) 

VHysP Peak Hysteresis Voltage vs HYS 1V<VHys<3V 0.21 
VHYS pin voltage (input referred) 

II HYS Pin Input Current 1V<VHYS<3V 0 -20 

10 LEVEL Pin Max Output Current 3 

Ro LEVEL Pin Output Resistance ILEVEL = 0.5 mA 180 

VOL DOUT Pin Output Low Voltage TA =70°C Voo-4.0 Voo-2.5 

VOH DOUT Pin Output High Voltage TA =70°C Voo -2.2 Voo-1.5 

VOL DOUT Pin Output Low Voltage TA =25°C Voo-4.0 Voo-2.8 

VOH DOUT Pin Output High Voltage TA =25°C Voo-2.5 Voo-1.6 

Active Differentiator 

VIP Input Signal Range 1.5 

RID Differential Input Resistance V(CIN+_CIN_I-100mVp.p@2.5MHz 5 15 

CID Differential Input Capacitance V(CINVCIN_I=100mVp.p@2.5MHz 6 

ZIC Common Mode Input (both sides) 2.0 
Impedance 

100 DIF+ to DIF _ Pin Current Differentiator Imped must be set so as ±1.3 
not to chp signal at this current level 

VIO Comparator Offset Voltage D1F +, DIF_ AC Coupled 5 

VOL COUT Pin Output Low Voltage 0 .. loH .. 0.5mA Voo-3 

Vpo COUT Pin Output Pulse Voltage 0 .. 10H" 0.5 mA 0.4 

PWo CaUT Pin Output Pulse Width 0"IOH "0.5mA 30 

The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, VDD = 12V ± 10%, 
O°C~TA ~ 70°C, V(CIN+-CIN_I=V(OIN+-OIN_I= 1.0Vp.pAC coupled sine wave at 2.5MHz, R01F= 1002, ColF -65pF, VHys = 1.8V, 
Cas=60pF, 4kQto Vccand 10pFtoGNDon pin RD unless otherwise specified. 

Output Data Characteristics (Refer to Figure 2) 

tOl D-Flip-Flop Set Up Time Min delay from V(OIN+-OIN_l 0 

exce~ing threshold to V(OIF+ - 0IF-l 
reaching a peak 

tD3 Propagation Delay 110 

tos Output Data Pulse Width TA=25°C, Vcc=5V, Voo=12V ±15% 

tos Output Data Pulse Width Cos=60pF, See Note 4 30 80 
Variation 

tD3-t04 Logic Skew (Pulse Pairing) 3 

tR Output Rise Time VOH=2.4V 18 

tF Output Fall Time VOL =O.4V 14 

UNITS 

v/V 

I-tA 
mA 

Q 

V 

V 

V 

V 

Vp.p 

kQ 

pF 

kQ 

mA 

mV 

V 

V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: AGC amplifier output current may be increased as in Figure 4. 

Note 4: tos "" 770 (Cos), 50pF < Cos < 150pF. 

Note 5: Typicals are parametric norm at 25°C 
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FUNCTIONAL DESCRIPTION 
Operating Modes 
The ML541 has three definitive operation modes which are: 
Read mode, Write mode and Hold mode. These modes are 
defined by input pins HOLDB and R!WB as shown in Table 
1. Read mode, the mode used normally for pulse detection, is 
assumed in the following sections unless otherwise noted. 

AGe Amplifier Section 
The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re­
cording head from an inside to outside data track or varia­
tions in media. 

The differential output voltage level VOUT from the AGC amp 
is determined by voltage VAGC present at pin AGe. VOUT is 
full wave rectified and compared against VAGC to create 
charge! discharge current for capacitor CBYP connected at 
pin BYP. Voltage VBYP across CBYP controls the gain in the 
AGC amplifier. 

Two distinct values of IBYP are possible which determine a fast 
and slow AGC gain response attack rate. When VOUT is more 
than 125% of the set level a high value of IBYP is sourced 
which provides a fast AGC attack rate. When VOUT is within 
100% to 125% of the set level a reduced value of IBYP is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 
response and then minimum zero crossing distortion ofthe 
analog signal once the gain is within working range. VAGC 
should be set so that the differential input voltage VOIN into 
the level comparator is 1 Vp_p at nominal Read signal condi­
tions. The AGC amp section gain is given by: 

AV2 _ ..:.V-"'BY.uP-!'27-----'V-:':BY:-'-Pl-'-exp -
AVI 5.8 X VT 

Where: AV1, AV2 are initial and final amplifier gain values 
corresponding to initial and final VBYP values. 

VT = (KT)/Q - 26mVat room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi­
larly, AC coupling must be used at the AGC amp outputs. 

AGe Amp During Write Mode-When the ML541 is put into 
write mode, the AGC amp's input impedance is lowered to 
allow a faster dampening of the Write to Read transient from 
the head pre-amp. The AGC gain is also set to maximum gain 
so that fast AGC attack will occur when changing back to the 
Read mode. Internal device timing is controlled so that set­
tling occurs prior to Read mode activation. Minimal value 
input coupling capacitors should be chosen to reduce set­
tling time, however, bandwidth requirements also need to be 
considered. 

AGe Amp During Hold Mode- During the Hold mode, the 
charge/ discharge current driving pin BYP is internally discon­
nected. AGC compensation capacitor CAGC will then hold 
the present gain setting. The amplitude of VOUT will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor­
mally taken at outputs DIF- and DIF+, as shown in the typical 
application. 

External Filter Network 
Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 
The full wave rectified VOUT is buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitUde against a refer­
ence voltage derived from voltage VLEVEL output from pin 
LEVEL. Using VLEVEL provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 
The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ­
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica­
tion, is used between the DIF+ and DIF_ pins to provide the 
differential function given by: 

-2000cs 
Av = LCs2 -+ (R + 92) Cs + 1 

Where: C - External capacitor (20pFto 150pF) 
L = External inductor 
R = External resistor 
s - jw - j2m 

Output lDgic 
The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 
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Pin R/WB must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli­
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out­
put timing and the level detector determines pulse validity. 

BLOCK DIAGRAM 

OUT + OUT _DIN_ DIN+ CIN- CIN+ 

voo 

IN+ 

GAIN 
CONTROL 

IN-

Voo 

-= 

BYP 

AGND 

HOLDB 
/' 

AGe 

ML541 

Layout Considerations 
As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir­
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 

DIF_ DIF+ voo 

voo 

COUT 

ONE RD 

Q SHOT 

LEVEL R/WB HYS DouT os 
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~JVP- J\i 
AGC 
V'N M 

AGC 
VOUT 

~IO 
-..---1 

VRD 
(READ DATA) 

Figure 1. AGe Timing Diagram 

1 I 
--l r lD4 

....---------; 

1--+-105 

Figure 2. Output Logic Timing Diagram 
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TYPICAL APPLICATIONS 

HOLDB 

r-----------+ SERVO READ DATA 

CD 

DfF+ 

VDD 
VDD 

RlEVHl 

RLEVEL2 

Figure 3. Typical Application Diagram 

IN+ 

IN-

lOUT + TO lOUT _ = 4 mA + ..!Y. 
REXT 

5V 

READ/WRITE 
CONTROL 

Vee 

Figure 4. Modification of AGe Amplifier Output to Drive lDw Impedance Filters 
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ORDERING INFORMATION 

TEMPERATURE 
PART NUMBER PACKAGE PIN COUNT RANGE 

Ml541CP Plastic DIP 24 PINS O°C to +70°C 
Ml541Cj Ceramic DIP 24 PINS O°C to +70°C 
Ml541CQ Plastic PCC 28 PINS O°C to +70°C 
Ml541CS . SOIC 24 PINS O°C to +70°C 
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GENERAL DESCRIPTION 
The Ml4025 provides the data separator function for 
Rll encoded magnetic or optical disk drive systems. Its 
primary function is to extract the clock information 
from a serial bitstream, and use this clock signal to 
synchronize the bitstream and clock it into an external 
decoder. This data and clock separation is achieved 
with a special function phase lock loop (Pll) circuit. 

In addition, the Ml4025 provides a 2/3 clock output 
for use with Rll (1, 7) codes. This eliminates the 
external circuitry that is required when using other 
similar data separators. 

The special function Pll consists of a dual mode phase 
detector, a charge pump, a buffer amplifier, a voltage 
controlled oscillator (VCO), and an external loop filter. 
The Pll operates in two distinct modes, high gain for 
rapid acquisition, and low gain for minimum jitter after 
lock. 

BLOCK DIAGRAM 

October 1990 
PRELIMINARY 

ML4025 

Data Separator 

FEATURES 
• Data rates up to 33 Mbits/sec 
• No adjustments necessary 
• Compatible with all drives and controllers 
• Provides 2/3 rate clock on chip for Rll(1, 7) codes 
• Eliminates false glitches on data clock output 

during read to write transitions 
• Utilizes ECl technology for lower noise and phase 

jitter 
• Precision high Q oscillator with external lC for low 

phase noise 
• Zero phase error startup of VCO 

INTIN ClMlP OSCOUT 

DATAEN ISET VREF I INTQUT I OSCIN I AMP CON12 

© MICro linear 1990 

RD 

WC 

RG 0---+--+-1--' 
VFOEN 0----. 

ACQ vco 
ClMIP 
AND 
GAIN 

CONTROL 1-_____ ., 

111 1 1 
VREG6P8 I AGND I SUB I DVcc 

VREG7P6 AVec TIL GND 

llIJ,.Micro Linear IS a registered trademark Jr~ Micro Linear of MI( ro LlI)f'ar CorporatIOn 

DATACLK 

SYNCDATA 

FllTMODE 

CLK2S3 
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GENERAL DESCRIPTION (Continued) 

In addition to the Pll the Ml4025 has an input selector, 
VCO clamp and restart sequencer, gain control, voltage 
regulator, data synchronizer, clock divide, and output 
buffers. 

The VCO clamp and restart sequencer is used to stop 
the oscillator and then restart it in-phase with the 
bitstream. This provides a zero phase error startup 
mode for consistent and optimum phase acquisition. 
This circuit also eliminates the possibility of short pulse 
widths that might otherwise occur on the data clock 
during write to read transitions. 

low phase jitter operation is achieved by utilizing ECl 
logic which minimizes noise coupling into the sensitive 
analog circuits. In addition, the on board voltage 
reference rejects power supply noise to further 

PIN CONFIGURATIONS 
ML4025 

24-Pin DIP 
(Prototypes Only) 

RG VREF 

ACQ ISH 

VFOEN INTIN 

RD INTOUT 

WC VREG6P8 

SUB VREG7P6 

TTL GND AGND 

DVcc AVec 

FILTMODE OSCIN 

SYNCDATA CLAMP 

DATACLK OSCOUT 

NC AMP 

TOP VIEW 

enhance the low phase jitter operation. This reference 
provides stable device operation over the full 
temperature and power supply range. 

External components set the center frequency and 
dynamic range of the voltage controlled oscillator. This 
allows the system engineer to achieve an optimum 
configuration for virtually any drive application. 
Performance can be even further optimized by using 
the FllTMODE output to modify the external loop filter 
components for maximum performance in both high 
and low gain modes. 

The Ml4025 implements the complete high 
performance data separator function in SCSI, ESDI, 
SMD, and ST506 type interfaces and drives. 

RD 

WC 

SUB 

TTL GND 

DVcc 

FILTMODE 

CLK2S3 

Ml4025 
28-Pin pee 

VFOEN RG ISET 

CON12 I ACQ I VREf I INTIN 

3 2 1 28 27 26 

25 

24 

23 

22 

21 

10 20 

11 19 

12 13 14 15 16 17 18 

SYNCDAl)\ I NC I I I OSCIN 
DAlACLK AMP CLAMP 

OSCOUT 

TOP VIEW 

NC 

INTOUT 

VREG6P8 

VREG7P6 

AGND 

AVec 

DATAEN 

5-38 , Micro Linear 



PIN DESCRIPTION 
NAME 

RG 

ACQ 

VFOEN 

RD 

WC 

SUB 

FUNCTION 

READ GATE: Selects the phase or frequency 
mode of the phase detector. RG may be tied 
to VFOEN input when VFOEN is used in the 
level mode. RG should preferably be set at, or 
prior to, a change in VFOEN. Logic 1 allows 
the phase detector to run in the phase mode 
(data read) or to progress sequentially from the 
frequency mode to the phase mode. 

Logic 0 forces the phase detector to run in the 
frequency mode. 

ACQUIRE: Controls the high/low gain state of 
the charge pump. 

Logic 1 allows the charge pump to switch to 
high gain with a change in VFOEN and to 
synchronously switch to low gain after 
approximately 37 pulses at the selected input; 
i.e., either RD or We. If the charge pump is in 
high gain, switching to logic 0 immediately 
terminates the internal pulse count and causes 
the charge pump to synchronously switch to 
low gain. Tying ACQ to RG provides a means 
for enabling high gain acquisition in the phase 
mode only. 

Logic 0 forces a low gain charge pump. 

VFO ENABLE: Used to select RD or WC as the 
input channel. The transition from 1 to 0, or 0 
to 1, initiates the oscillator clamp, zero-phase 
error startup sequence, as well as the charge 
pump gain change sequence (if allowed, via 
the ACQ input). A positive or negative pulse of 
width 1 to 3 oscillator periods may be used as 
the VFOEN input. In this mode, the RD and 
WC inputs must be tied together with an 
external data selector. 

Logic 1 selects the RD input. 

Logic 0 selects the WC input. 

READ DATA: The raw encoded data from the 
drive read channel. The ML4025 is triggered by 
the rising edge of the data on the RD input 
when VFOEN is in the logic 1 state. 

WRITE CLOCK: This is a 50% duty-cycle input 
which is at the frequency of the oscillator used 
to write data onto the drive or, alternately, an 
oscillator at the appropriate frequency 
generated from a clock track on the disk drive. 
This input is used to allow the PLL to track the 
nominal data frequency when RD is not 
available. The ML4025 is falling edge triggered 
by the signal at the WC input when VFOEN is 
in the logic 0 state. 

SUBSTRATE AND ECL GROUND: All three 
ground pins, SUB, TIL GND, and AGND 
should be tied together. 

N~E 

TILGND 

DVcc 

FILTMODE 

ML4025 

FUNCTION 

OUTPUT DIGITAL GROUND (common external 
ground): See SUB pin. 

DIGITAL SUPPLY. 

FILTER MODE: The FILTMODE output is logic 1 
when the phase detector is in the phase mode 
and the charge pump is in low gain. 
Otherwise, it is logic o. The FILTMODE output 
may be used to modify the PLL filter when 
switching from high to low gain at the 
transition from acquisition to tracking (data 
read) mode. 

SYNCDATA SYNCHRONIZED DATA: This is the 

DATACLK 

AMP 

OSCOUT 

CLAMP 

OSCIN 

DATAEN 

AVec 

AGND 

VREG7P6 

VREG6PB 

INTOUT 

INTIN 

ISET 

CON12 

CLK2S3 

synchronized (standardized) data output. 

DATA CLOCK: The falling edge of this output 
clocks SYNCDATA. 

OSCILLATOR AMPLITUDE: Oscillator AGC loop 
rate capacitor. 

OSCILLATOR OUT: Oscillator current drive. 

OSCILLATOR CLAMP: Oscillator clamp voltage 
source. 

OSCILLATOR IN; Oscillator input. 

DATA ENABLE (Coast); A low forces the charge 
pump to ignore incoming data. This pin 
defaults high. 

ANALOG SUPPLY. 

ANALOG GROUND (common external ground): 
See SUB pin. 

VREG 7.6V; Internally regulated supply, brought 
out for filter capacitor only. 

VREG 6.BV: Internally regulated supply, brought 
out for filter capacitor and to set the charge 
pump bias current. 

INTEGRATOR OUTPUT; Output of buffer 
amplifier. 

INTEGRATOR INPUT: Inverting input to buffer 
amplifier. 

CURRENT SET; Charge pump bias current set 
by external resistor. 

VOLTAGE REFERENCE; Internally generated 
reference for integrator, brought out for filter 
capacitor on Iy. 

CONTROL INPUT; Selects the divide by ratio 
of the divide by one/divide by two circuit. 
Selects the divide by two when connected to 
DV cc and selects divide by one or pass 
through when connected to SUB. When used 
as divide by two the oscillator frequency 
should be twice the incoming data rate. This 
pin defaults low. 

2/3 CLOCK OUTPUT: When the oscillator is 
set to twice the data rate and CON12 is logic 
0, a 2/3 rate clock output is provided for RLL 
(1, 7) coding. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Power Supply Voltage, AVec ............................. 14V Temperature Range ................................ 0° to +70° 
Power Supply Voltage, DVee ............................. 7V Supply Voltage, DVee .............................. 5V ± 5% 
Input Voltage Range Positive ................... DVee + 0.2V Supply Voltage, AVec .......... ~ .... : ........... 9.5V to 12.6V 
Input Voltage Range Negative ......................... -O.2V 
Voltage Difference SUB to TIL GND .................. ±O.3V 
Storage Temperature Range ................... -65° to +150° 
Junction Temperature, (T)) ....................... TBD (Note 1) 
Lead Temperature (Soldering, 10 sec) ................... 260° 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. (All voltages referenced to SUB unless otherwise specified.) 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, AVec = 12Y, DVee = SY, TA = Room 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

AVec Analog Supply Voltage 9.5 12.0 12.6 V 

Alec Analog Supply Current 35 rnA 

DVee Digital Supply Voltage 4.75 5.0 5.25 V 

Dice Digital Supply Current 95 rnA 

Analog to TIL Ground Diff -0.2 0.2 V 

fMAX Maximum Operating Frequency 66 MHz 

fOMAX Maximum Oscillator Frequency Appropriate External Components 100 MHz 

OA Oscillator Amplitude 400 500 600 mVp_p 

V ll Input Low Voltage 0.8 V 

VIH Input High Voltage 2.0 V 

III Input Low Current OVee = 5.25Y, VI = O.4V -0.4 mA 

IIH Input High Current DVee = 5.25Y, VI = 2.4V 20 pA 

VOl Output Low Voltage In = 3.2mA 0.4 V 

VOH Output High Voltage IOH = 400pA 3.4 V 

CPL Charge Pump Rate Low Gain Charging 300 325 335 pA 
Low Gain Discharging 600 650 670 pA 

CPH Charge Pump Rate High Gain 1.20 1.30 1.34 mA 

CPE Clamp Release Phase Error Phase Mode, tose = OSC Period (ns) -2 +2 ns 

LRPDCP Phase ,Detector Charge Pump -Tf +Tf rad 
Linear Range 

PEPD Phase Detector Phase Discrimination -4Tf/tose +4Tfltasc rad 
Error 

VOlB Buffer, I ntegrator Output .3 .6 .8 V 
Low Voltage 

VOlH Buffer, Integrator Output 6.1 6.4 6.8 V 
High Voltage 

BWB Buffer, Integrator Bandwidth 5.0 MHz 

liB Buffer Input Bias Current .1 pA 

UOS Data Sep. Uf)certainty tose = 1lfose .05 xtose 

SOLDC SYNCDATA Leading DATACLK fose = 30MHz 10.0 19.0 25.0 ns 

Note 1: The supply currents (Alec and Dlcd exhibit a negative Te; preliminary calculations suggest a maximum TI of 133°C. 
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FUNOIONAL DESCRIPTION 
The ML4025 extracts the clock from a serial bitstream 
and uses that clock to synchronize the bitstream into a 
decoder like the AIC-270. This is accomplished by 
phase locking the voltage controlled oscillator (VCO) to 
the incoming data. The VCO is synchronized to the 
average incoming frequency of the bitstream. The VCO 
frequency is equivalent to the clock frequency of the 
data. The unsynchronized data is gated with this clock 
signal to create synchronized data 

The following is a description of the functional blocks 
of the ML4025. 

INPUT SElEGOR 

This block directs either the Read Data (RD) or the 
Write Clock (WC) signal to the phase detector block 
depending on the level of the control signal VFOEN. If 
VFOEN is low the Write Clock is selected and if VFOEN 
is high then the Read Data is selected. The selected 
signal is synchronized to the rising edge of the VFOEN 
signal and supplied to the gain control block. 

If an external input selector is used or the input 
selector function is not required, the RD and WC 
inputs should be tied together. 

PHASE DETEGOR 

This block compares the phase of the incoming signal 
with the phase of the VCO and outputs a signal to the 
charge pump block which is proportional to this 
difference. In the phase mode, the phase detector 
provides a window, which is set by the oscillator, and 
leads the oscillator by Y2 period. This establishes a 
balanced ±180 degree phase detection window and 
eliminates the need for delay lines used in alternative 
designs. 

CHARGE PUMP 

The charge pump converts the phase difference error 
signal from the phase detector to a bidirectional current 
at the INTIN pin. This output current is proportional to 
the phase difference between the oscillator and the 
input data. The charge pump block has two possible 
gain settings which are set by a signal from the gain 
control block. 

AMPLIFIER 

This buffer stage between the charge pump and the 
external filter circuit is configured with an external 
capacitor network as an integrator. It filters the pulse 
variations of the charge pump. It also provides a lower 
impedance output to drive the oscillator filter 
connector. This operational amplifier has a very low 
input bias current to minimize the discharge current 
loading on the loop filter. The amplifier has internal 
frequency compensation for stable operation. 

ML4025 

GAIN CONTROL 

This block provides the timing control signals to the 
phase detector and the charge pump circuits for 
selecting between the high and low gain modes. When 
a VFOEN transition occurs with a logic high at ACQ the 
high gain mode of the charge pump is set. This high 
gain is maintained for approximately 37 pulses of the 
RD or WR input signals. After this time period the gain 
control resets the charge pump to the low gain mode. 

VCO 

The voltage controlled oscillator (VCO) is a gain 
controlled feedback oscillator with the center frequency 
set by an external LC network. The capacitance portion 
of this network consists of a varactor and a fixed 
capacitor. The external components set the oscillator 
dynamic range and therefore the PLL capture range as 
well as center frequency. 

VCO ClAMP AND RESTART 

The clamp circuitry stops the oscillator when the 
VFOEN signal changes state. The oscillator is then 
restarted in-phase with the input clock after a 3 bit 
time period. 

DATA SYNCHRONIZER 

This block synchronizes the incoming data to the clock 
information extracted by the PLL circuitry. The data and 
the clock information are both provided as outputs 
with the edges synchronized. 

DIVIDE BY TWO/ONE 

This block can be controlled to be a divide by two or a 
pass through (divide by one) function. When the divide 
by two mode is selected the VCO nominal frequency 
should typically be set to twice the nominal data rate. 
This assures that the data clock and the feedback signal 
to the phase detector have a 50% duty cycle. This is an 
additional block not provided in the AIC6225. 

DIVIDE BY THREE 

This divide by three function is provided to supply a 
2/3 rate clock signal (when used with the veo running 
at twice the nominal speed) that can be used with RLL 
(1, 7) coding schemes. This is an additional block not 
provided in the AIC6225. 

OUTPUT BUFFERS 

These blocks are TIL compatible buffers for the 
DATACLK, SYNCDATA, FILTMODE, and CLK2S3 output 
signals. 

-J> Micro Linear 5-41 
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VOLTAGE REFERENCE 

This block generates the required internal references 
including 6.8 volt and 7.6 volt outputs that are used 
with an external resistor to set the reference current for 
the charge pump. The voltage reference utilizes an 
accurate bandgap circuit to provide a stable bias 
voltages and increased power supply rejection for the 
circuits on the chip. 

DATA SEPARATOR UNCERTAINTY AND AVAILABLE 
WINDOW MARGIN 

Data Separator Uncertainty characterizes the maximum 
error which may exist in a device from a particular 
speed group. Data Separator Uncertainty includes DC 
offset and one standard deviation total jitter, assuming 
normally distributed jitter. It is measured in a "dynamic" 
environment, emulating worst-case bit-shift of 
alternating "early" and "late" data bits from a disk drive, 
representing the true data recovery capability of the 
device. In the ML4025, the Data Separator Uncertainty 
is less than 5% of the oscillator period. (See Figure 1) 

Rl 

RD 

WC 

RG 0---+-++----' 
VfOEN 0---" 

ACQ veo 
ClAMP 
AND 
GAIN 

CONTROL I-_____ ~ 

RLL MODE 

DATA 
CLK 

SYNC 
DATA 

111 1 1 
VREG6P8 I 

VREG7P6 
AGND I SUB I DVee 

AVee TIL GND 

~tosC----i"~1 

lose' OSCILLATOR PERIOD 
Mw • AVAILABLE WINDOW MARGIN 
UDS • DATA SEPARATOR UNCERTAINTY 
Mw = 105(/2 - UDS 

Figure 1. 

Figure 2. Data Clock Output Timing 

DATACLK 

SYNCDATA 

FILTMODE 

CLK2S3 

Figure 3. Typical Passive Component Connections 
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COMPONENT SELEalON GUIDE 
COMPONENT SELEalON (See Figure 3) 

I. VCO Tank Circuit 

A range of VCO frequencies fMAX - fMIN can be 
determined from zone frequencies, and component 
tolerances. From this we can solve for CS6 = Cs II C6. 

CMIN CMAX ( (fMAX) -1 ) 
fMIN 

CS6 = 

Where CMIN and CMAX are the minimum and 
maximum capacitance values for the varactor diode 
over the range of integrator output voltages. For a 
MVAM109, CMIN = 70pF, CMAX = SOOpF. 

For a SOMHz clock rate ± 20%, 

(70)(500) ( ( : r - 1 ) 

CS6 = --------

SOO-(:~r70 
= 128pF 

R2 can be maximized for optimum isolation of amplifier 
by making C6 small. 

Chosing C6 = 1S0pF, Cs = 910pF, CS6 = 129pF, the value 
of L1, can be found by: 

L1 = CS6 + CMAX = 0.1SIlH 
47T2 fMIN2 CS6 CMAX 

1 
R2 can be chosen such that -- places a pole near 

R2 C6 
the bandwidth of the amplifier. This will help to roll off 
high frequency components without distorting the loop 
filter. 

R2 = (SMHz) (1S0pF) = 1.33K, use 13K 

VCO gain can now be found by 

Ko = [ 1 _ 1 ] /61 
27T\,ILCEQMIN 27TvLCEQMAX . 

Where CEQMIN = Cs II C6 II CMIN and 

CEQMAX = Cs II C6 II CMAX 

We find Ko = 33 MHz/V 

II. LOOP FILTER 

In a (2, 7) coding scheme: 

NMAX = 8 

NMIN = 3 

and if NpREAMBlE = 3 

we can select 0 Preamble = 0.90, such that 

ML4025 

.J NMIN OMIN = 0.9 --
NMAX 

OMAX = 0.9 OMIN = 0.90 v'3i8 = 0.55, 

in this manner 0 is between 0.5 and 1.0 for all data 
patterns. This is useful as 0 > 1 will tend to be 
oscillatory. 0 < 0.5 may acquire signals too slowly. 

For an 8 byte preamble, 

t = ( _1_ ~ ) ( 8 bits ) (8 bytes) 
25M bit byte 

t = 2.56 Ilsec 

One of three system constraints will likely dominate in 
the selection at the natural frequency of the loop wN. 

1. At the end of an 8 byte preamble, the residual phase 
error should be less than 2ns. This is the 
specification for the ML402S zero phase start up 
error. However, frequency variations may occur 
between the reference clock and data stream due to 
errors in disk rotational velocity. If we expect a 1% 
frequency step error 

Aw = (0.01) (25M) (27T) = 1.57 Mr/s 

Residual phase error is given by Gardner(" to be 

_AW[ 1 . 2V2 ]-6 8e(t) - 2 y: Sin (1 - 0) wnt e wnt 
Wn (1 - 0 ) 2 

o = 0.9, t = 2.56 Ilsec as shown before. 

We want 8e(t) :5 2ns (27T/40ns) = 0.314 rads 

We can find that if Wn = 1.1 Mr/s that 

8e (2.56 Ilsec) = 0.241 rads = 1.54 ns 

2. The loop must be able to lock onto this frequency 
step, to ensure this the lock range should be 1.SX 
the step. 

AWL (1.5)(0.01 )(2SM)(27T) 
W = -- = = 2.6 Mr/s 

n 20 2(0.9) 

3. Wn should be on the order of 10X the maximum 
mechanical vibration frequency of 10 KHz, therefore 

Wn 2: (10K)(10)(27T) = 628 kr/sec 

From the above we see that criterion 112 dominates, 
and Wn = 2.6 Mr/sec. 

The impedance of the loop filter is 

Rsil (_1 +_1 ) 
SC9 SC8 
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RsSCs+RsS~+1 
and F(S) = -=-.--:''----''-----''--

RsS2Cs~+SCs 

if we let Cs » Cg , 

RsSCs+1 
F(S) - --=-----=----

(Rs S~ + 1 )SCs 

For all phase lock loops 

_8o_(_5) _ b(S) = _Ko-=--Ko=---F(S_)_ 
11)(5) 5 + Ko Ko RS) 

if we let K' - Ko Ko 

K' (Rs SCs + 1) fCs 
then G(S) - ---:----'---"-::--"-------'------"--

53 Rs C9 + 52 + SK' Rs + K' 'fC8 

if Cs» C9 

K' (Rs SCs + 1) fCs 
G(S) -

52 + SK' Rs + K' fCs 

121 26wn 5 + wn2 
but ,G(S) = 2 2 

Solving: 

K' 
W 2=_ 

n Cs 

5 +26wn S+wn 

K'Rs 
K' Rs = 26wn2 - 6 =--

2wn 

Cs Wn Rs 
but K' = Cs wn2 - 6 = -=---.::.:......:: 

2 

Ko Ko 26 
So Cs = --and Rs ---

wn2 Cs Wn 

We know Ko = 3.3 MHzN and Wn = 2.6 Mrfs 

In the fast acquisition mode, using RSET = 4.99K 
(This value results in optimized internal swings), the 
phase comparator gain is 

1.3 rnA 
Ko----

2fT 

(3.3M)(2fT) ( 1.3 rnA) 

Cs = (2.6 Mrfs/fT = 634 pF 

We can use 680pF. 

680 
C9« Cs = - = 45pF, use 47pF. 

15 

W 2(0.9) 
Rs =--= -1K 

Cs wn (680pF) (2.6M) 

SELECTING R4 (ClAMP RESISlOR) 

The value of R4 should be selected such that the 
resulting clamp release error (CRE) is zero. This ensures 
that the device starts up in phase with a data field, and 
helps the data separator recover from any frequency 
steps between the data and reference clock. To set the 
CRE to zero, the RD and OSCIN pins should be 
monitored. While DATACLK output is often more 
accessible than the .OSCIN pin, it is undesirable to 
monitor DATACLK as charge storage effects in the TTL 
driver skews the first clock pulse from later pulses. The 
OSCIN pin can be observed while minimizing the 
effect on the tank circuit by placing a small (3-5pF) 
capacitor in series with a scope proble. The observed 
amplitude is reduced, but is still sufficient. 

A potentiometer set initially at 100 ohms makes a good 
starting point in determining R4, as long as the leads to 
the pot are kept short. As in figure 4, the 4th RD pulse 
following a VFOEN and RG rising edge can be seen to 
start the oscillator. The delay time t1 can be measured 
between a RD rising edge, and the OSCIN rising edge. 
(This is true whether the VCO is 1x or 2x the clock 
rate). The delay time t2 can be measured in the same 
fashion for a later RD pulse where all phase corrections 
have been made. To ensure that all phase corrections 
have been made, observe the INTOUT pin to make 
sure its value is no longer changing. The difference 
between t1 and t2 is the clamp release error. To make 
this error zero, simply adjust the pot downward in 
value until t1 = t2. A fixed resistor near this value can 
now be substituted. This value of R4 will keep the start 
up phase error below 2ns for all ML4025 devices over 
temperature and supply variations. 

References: 
(1) Phaselock Techniques 2nd Edition, Floyd M. Gardner, Wiley­

Interscience, '79 page 46 
(2) ibid page 11' 

Figure 4. 

RD 
2V/DIV 

DCLK 
2v/DIV 

OSC'IN 
lOOmV/DIV 

IOns/DIV 
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ORDERING INFORMATION 

PART NUMBER 

ML4025CP 
ML4025CQ 

PACKAGE 

24-Leaded Molded DIP (Prototypes only) 
28-Lead PCC 

_~Micro Linear 

ML4025 

-
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GENERAL DESCRIPTION 
The Ml4041, Ml4042 is a monolithic bipolar integrated 
circuit used in disk drive systems to detect amplitude 
peaks generated by the recording heads during a Read 
operation. Connected to the read/write amplifier 
output, it detects valid data and provides a TIL output 
to the data separator. Containing both analog and 
digital circuitry, it supports the reading of MFM and Rll 
encoded data at rates up to 24 megabits/second. 

Operating modes Read, Write, and Hold are selectable with 
input logic signals. Read mode is used for pulse peak detec­
tion during a Read operation. Write mode disables the 
device's output during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali­
dation and peak time detection is achieved. The Ml4041, 
Ml4042 characteristics can be modified to fit particular 
needs through external component selection. The Ml4041, 
Ml4042 has a swift Write to Read recovery time of 2",s (10",s 
max) allowing for better format efficiency with faster access 
times. Pulse pairing of 1 ns max reduces data decoding errors 
by allowing tighter specs for the clock recovery circuit. 

SIMPLIFIED BLOCK DIAGRAM 

I 
I L _____ _ 

ML4041, ML4042 
Read Data Processor 

FEATURES 
• Fully compatible with industry standard read data 

processor 
• Write to Read recovery time - 'lp.s typical, 10J.lS max 
• Pulse pairing - 1ns max 
• Data rates up to 24 megabits/second 
• Supports MFM and Rll encoded read data 
• 30MHz wide-bandwidth AGC amplifier 
• Fast AGC region for fast transient recover 
• Slow AGC region for minimum zero crossing 

distortion 
• +5V and +12V undervoltage fault detection (Ml4042 

only) 
• Write to read transient suppression 
• Hold pin supports embedded servo decoding 

The Ml4042 is identical to the ML4041 but in addition it 
includes a +SVand +12V undervoltage detector. The 
ML4041 is available in a 24-pin PDIp, 24-pin SOIC, or a 28-pin 
PCC, while the ML4042 is available in a 28-pin PDIp, 28-pin 
SOIC, or a 28-pin PCe. 

DIF+ 

--~l,ML;;l 

,-----., I 

THRESHOLD Vm 

I ---------' 
~~~~-+H~~~~--, ·M~20N~ 
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PIN CONNEOIONS 
ML4041 ML4042 

24-Pin DIP and sole Package 28-Pin DIP and sole Package 

DIF_ CIN+ 

Dlf+ DIN+ 

HYS CIN_ 

LEVEL DIN-

AGC OUl-

IN+ OUT+ 

IN- AGND 

HOLD BYP 

Voo DGND 

Caur DOUT 

R!W RD 

OS Vee 

TOP VIEW 

CIN+ 

DIN+ 

CIN-

VFlT 

DIN-

OUl-

OUT + 

BYP 

TOP VIEW 

LEVEL 

AGC 

IN+ 

IN-

HOLD 

Voo 

CaUl 

LEVEL 

AGC 

IN+ 

IN­

HOLD 

Voo 

COUl 

PIN DESCRIPTION 
NAME 

Vee 
VDD 

AGND 
DGND 
R/W 

IN+,IN­
OUT +,OUT­

BYP 

HOLD 

AGC 

FUNCTION 

+5V 
+12V 
Analog Ground. 
Digital Ground. 
TTL compatible Read/Write Control 
pin. 
Analog Signal Input pins 
AGC Amplifier Output pins 
The AGe timing capacitor CAGe is 
tied between this pin and AGND. 
TTL compatible pin that holds the 
AGC gain when pulled low. 
Reference input voltage level for the 
AGCcircuit. 
Analog input to the hysteresis 
comparator. 

NAME 

HYs 

LEVEL 

DOUT 

COUT 

OS 

RD 
VFLT 

TABLE 1 MODE SELECT 

R!W HOLD MODE DESCRIPTION 

1 1 READ AGe amp section active, Digital section active. 

1 0 HOLD AGe gain constant, Digital section active. 

0 X WRITE AGe gain maximum, Digital section inactive, 
Input common mode resistance reduced. 

'-Micro Linear 

ML4041, ML4042 

ML4041 
28-Pin Pee Package 

HYS DIF- DIN+ 
NC I D,,+ I C'N+ I C,N-

4321282726 

12 13 14 15 16 17 18 

25 NC 

DIN_ 

23 QUT-

22 OUT + 

21 AGND 

BYP 

DGND 

R!W I NC I iITi I Dour 
as vee NC 

TOP VIEW 

ML4042 
28-Pin Pee Package 

HYS DIF- DJN+ 
NC I 0,,+ I C'N+ I C,N_ 

TOP VIEW 

FUNCTION 

OUT­

OUT+ 

AGND 

BYP 

DGND 

Input for setting hysteresis level of the 
hysteresis com parator. 
Provides rectified signal level for input 
to the hysteresis comparator. 
Buffered test point for monitoring D 
input of the flip-flop. 
Analog input to the differentiator. 
External differentiating network con­
nection pi ns. 
Buffered test point for monitoring the 
clock inputtotheflip-flop. 
Connection for read output pulse 
width setting capacitor Cos. 
TTL compatible read output. 
U ndervoltage detector output, active 
low; ML4042 only. 

0 - Logic level low 
1 - Logic level high 
X - Don't care 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range 
Vcc ................................... -0.3t06Voc 
Voo .................................. -0.3to14Voc 

Terminal Voltage Range 
R/W,IN+,IN-,HOLD .............. -0.3VtoVcc +0.3V 
RD ..................... -O.3VtoVcc +0.3 V or +12 rnA 
Allothers ......................... -O.3VtoVoo +O.3V 

Storage Temperature Range ................ - 65°C to + 150°C 
Junction Temperature (TJ) .•.••••••••••••••.....•.. + 135°C 
Lead Temperature (Soldering, 10sec) .................. 260°C 

Supply Voltage 
Vcc ...................................... 5V±10% 
Voo ..................................... 12V±10% 

V(CIN+-CIN_)' V(OINVOIN_) ........................ lVp.p 
VHYS ........................................... 1.0V 
Cos ...................................... 50 to 200 pF 
Typical Component Values (Refer to Typical Applications) 

CIN ........................................ O.ool 1lF 
Cs .......................................... O.01 IlF 
Caul ..................................... 0.00471lF 
RaUl .......•.............•.•..............•. 400Q 
CAGCl ....................................... 220pF 
CAGC2 ...................................... 2000 pF 
RAGC ....................................... 2.21 kQ 
CLEVEL ....................................... 150 pF 
RlEVEL1 ...................................... 1.54 kQ 
RlEVE12 ..................................... 6.49 kQ 
Cos .......................................... SOpF 

ELEaRICAL CHARAaERISTICS 
The following specifications apply over the recommended operating conditions of Vcc~ 5 V ± 10%, VDD~ 12V ± 10%, 
O°C <TA < 70°C and external components as specified under operating conditions unless otherwise specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS 

DC Characteristics 

Icc Vcc Supply Current Outputs unloaded 

100 Voo Supply Current Outputs unloaded 

Po Power Dissipation Outputs unloaded, 
TA~70°C 

Digital Inputs Characteristics (HOLD, R!W) 

VIH High Voltage 

VIL Low Voltage 

IIH High Current VIH~2.4V 

III Low Cu rrent Vll -O.4V 

. Digital Outputs Characteristics (COU"f, RD) 

Output Low Voltage 1m ~4mA 

VOH Output High Voltage IOH~400IlA 

WRITE AND HOLD MODE CHARACTERISTICS 

Mode Control 

tRW 

tWR 

tRH 

Write Mode 

5-48 

Read to Write 
Transition Time 

Write to Read Transition Time 

Read to Hold Transition Time 

Common Mode Input 
Impedance (both sides) 

AGC settling not included, 
time to high input resistance 

R!W pin~low 

'Micro Linear 

UNITS 

14 rnA 

70 rnA 

930 mW 

2 V 

-0.3 0.8 V 

100 IlA 
-0.4 rnA 

V 

V 

1 loiS 

1.2 3 Ils 

1 Ils 

Q 



ML4041,ML4042 

ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc- SV ± 10%, VDD = 12V ± 10%, 
O°C'" TA'" 70°C, IN + and IN - AC coupled, OUT + and OUT - differentially loaded with >6OOQ and each side loaded with 
<10pFto GND, CBYP-2000pF, OUT + and OUT - AC coupled to DIN+ and DIN- respectively, VAGc=2.2V unless otherwise 
specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS UNITS 

READ MODE CHARACTERISICS 
AGCAmplifier 

RID Differential Input Resistance VUN+_IN_l-l00mVp.p@2.5MHz 5 kQ 

Clo Differential Input Capacitance VUN+_IN_l-l00mVp.p@2.5MHz 10 pF 

llc Common Mode Input R/W pin high 1.8 kQ 

Impedance (both sides) R/W pin low 0.25 kQ 

AVMfoJ( Maximum Gain VBYP-2.6V 83 V/V 

AVMIN Minimum Gain VBVP = 6V 2 4 V/V 

eN Input Noise Voltage Gain set to maximum 30 nV/VRZ 

BW Bandwidth Gain set to maximum, -3dB point 30 MHz 

AVos Maximum Gain and Minimum VBYP=2.6Vfor maximum gain 700 mV 
Gain AGC Amp Output Offset VBYP-5.0V for minimum gain 
Voltage Difference 

VBYPMfoJ( Max Voltage at BYP Pin at V(0IN+-0IN_l-1.6\1, VAGC-3.0V 6.0 6.7 V 
Minimum Gain 

VOP Maximum Output Voltage SetbyVAGC 3 Vp.p 
Swing 

100 OUT + to OUT - Pin Current No DC path to GND, See Note 3 ±3.2 mA 

Ro Output Resistance 18 32 Q 

Co Output Capacitance 12 pF 

VIP (DIN+-DIN_) Input Voltage 30mVp.p~VUN+_IN_l~ 550mVp.p, 0.37 0.48 0.56 Vp.p/V 
VAGC Swing VS AGC Input level 0.5Vp.p~V(0IN+_0IN_)~1.5Vp.p 

VIP (DIN+-DIN_) Input Voltage 30mVp.p<VUN+_IN_l<550mVp.p, +8 % 
Swing Variation AGC Fixed, over supply and temp. 

to Gain Decay Time See Figure 1a; VIN = 300 mVp•p 50 ,",s 
then >150mVp.pat2.5MHz, 
Vourto 90% of final value. 

tA Gain Attack Time See Figure 1b; from Write to Read 4 ,",S 
transition to Vour at 110% of final 
value, VIN=400mVp.p@2.5MHz 

IAGCfe Fast AGC Capacitor V(0IN+-0IN_l-1.6\1, VAGc=3.0V 1.3 1.5 2.0 mA 
Charge Current 

IAGCse Slow AGC Capacitor V(0IN+-0IN_l-1.6\1, VaryVAGC until 0.14 0.17 0.22 mA 
Charge Current slow discharge begins 

Fast to Slow Attack V(OIN+-OIN_l 1.25 -
Switchover Point 

V(OIN+-OIN_l Final 

IAGCD AGC Capacitor V(OIN+-OIN_l-O.OV Read Mode 4.5 ,..A 
Discharge Current 

Hold Mode -0.2 +0.2 ,..A 
CMRR CMRR (Input Referred) VIN+=VIN - =100mVp.p@5MHz, 40 dB 

gain at maximum 

PSRR PSRR (Input Referred) VccorVoo=100mVp.p@5MHz, 30 dB 
gain at maximum 

TREC Write to Read Recovery Time. 
Includes AGC Settling 

V(IN+_IN_)=100mVp.p@2.5MHz 1.2 2 10 ,",S 
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ML4041,ML4042 

ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, V DD = 12 V ± 10%, 
O°C ~ TA ~ 70°C, IN + and IN - AC coupled, OUT + and OUT - differentially loaded with >6OOQ and each side loaded with 
<10pFtoGND, CByp-2000pF, OUT +and OUT - AC coupled to DIN+and DIN- respectively, VAGc=2.2Vunlessotherwise 
specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS UNITS 

READ MODE CHARACTERISICS (Continued) 

Hysteresis Comparator 

VIP Input Signal Range 1.5 VP_P 

RIO Differential Input Resistance V(0IN+_0IN_)=100mVp_p@2.5MHz 5 15 kQ 

CIO Differential Input Capacitance V(0IN+_0IN_)-100mVp_p@2.SMHz 6.0 pF 

ZIC Common Mode Input (both sides) 2.0 kQ 
Impedance 

VIO Comparator Offset Voltage HYS pin at -O.Sv, .;; 1.5 kQ across 5 mV 
DIN+r DIN _ 

VHysp Peak Hysteresis Voltage vs HYS 1V<VHys<3V 0.16 0.21 0.25 VIV 
VHYS pin voltage (input referred) 

II HYS Pin Input Current lV<VHys<3V 0 -20 ,..A 

10 LEVEL Pin Max Output Current 3 mA 

Ro LEVEL Pi n Output Resistance ILEVEL =0.5mA 180 Q 

VOL DOUT Pin Output Low Voltage TA -70°C Voo-4.0 Voo-2.5 V 

VOH DOUT Pin Output High Voltage TA -70°C Voo-2.2 Voo-1.S V 

VLEVEL Level Pin Output Voltage vs 0.6< I V(0IN+-0IN_l1<1.3Vp_p 1.5 2.5 VlVp_p 
VOIN V(OIN+-OIN_) 101& from level pin to GND 

Active Differentiator 

VIP Input Signal Range 1.5 Vp_p 

RIO Differential Input Resistance V(CIN+_CjN_)=100mVp_p@2.5MHz 5 11 kQ 

CIO Differential Input Capacitance V(CIN+_CIN_)-100mVp_p@2.SMHz 6 pF 

ZIC Common Mode Input (both sides) 2.0 k2 
Impedance 

100 DIF+ to DIF_ Pin Current Differentiator Imped must be set so as ±1.3 mA 
not to clip signal atthis current level 

VIO Comparator Offset Voltage DIF+, DIF_ AC Coupled 5 mV 

VOL Cour Pin Output Low Voltage 0';;loH';;0.5mA Voo-3 V 

Vpo CoUT Pin Output Pulse Voltage O';;loH';;O.SmA 0.4 V 

PWo CoUT Pin Output Pulse Width 0';;IOH ';;0.5mA 30 ns 

Av Voltage Gain From CIN ± to R(0IF+ 1OOIF_)=2k2 1.7 2.2 VIV 
DIF ± 

Undervoltage Detector (ML4042 Only) 

VCCTH+ Vee Fault Threshold + VFLTtransition from low to high 3.8 4.2 4.5 V 

VeeTH - Vee FaultThreshold- VFLTtransition from high to low 3.8 4.1 4.5 V 

VOOTH+ Voo FaultThreshold+ VFLTtransition from low to high 9.6 10.2 10.8 V 

VOOTH - Voo FaultThreshold- V FLT transition from high to low 9.6 10.0 10.8 V 

VOL Output Low Voltage fY FLT) IOL -1.6mA 0.4 V 

VOH Output High Voltage fYFLT) 10H=-400,..A 2.7 V 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc ~ 5 V ± 10%, Voo ~ 12 V ± 10%, 
O°C~TA~ 70°C, VICIN+-CIN_)~VIDIN+-DIN_)~1.0Vp_pAC coupled sine wave at 2.5MHz, RDIF~100Q, CDIF=65 pF, VHYS = 1.8\1, 
Cos~60pF, 4kQ to Vce and 10pFto GND on pin RD unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS UNITS 

Output Data Characteristics (Refer to Figure 2) 

tD1 D-Flip-Flop Set Up Time Min delay from VIDIN+-DIN_) 0 ns 

exceeding threshold to VIDIF+-DIF_) 
reaching a peak 

tD3 Propagation Delay 110 ns 

tDs Output Data Pulse Width (See Note 5) 40 50 65 ns 
Variation Cos = 60pF, T A = 25°C 

tDrtD4 Logic Skew (Pulse Pairing) 1 ns 

tR Output Rise Time VoH =2AV 18 ns 

tF Output Fall Time VOL =OAV 14 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: AGC amplifier output current may be increased as in Figure 4. 
Note 4: Typicals are parametric norm at 25°C. 

Note 5: tDs = 830 (Cos), 50pF < Cos < 150pF 

FUNCTIONAL OESCRI PTION 
Operating Modes 
The ML4041, ML4042 has three definitive operation modes 
which are: Read mode, Write mode and Hold mode. These 
modes are defined by input pins HOLD and R!W as shown 
in Table 1. Read mode, the mode used normally for pulse 
detection, is assumed in the following sections unless other­
wise noted. 

AGC Amplifier Section 
The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re­
cording head from an inside to outside data track or varia­
tions in media. 

The differential output voltage level VOUT from the AGC amp 
is determined by voltage VAGC present at pin AGe. VOUT is 
full wave rectified and compared against VAGC to create 
charge! discharge current for capacitor CBVP connected at 
pin BYP. Voltage VBYP across CBVP controls the gain in the 
AGC amplifier. 

Two distinct values of IBYP are possible which determine a fast 
and slow AGC gain response attack rate. When VOUT is more 
than 125% of the set level a high value of IBVP is sourced 
which provides a fast AGC attack rate. When VOUT is within 
100% to 125% of the set level a reduced value of IBVP is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 

response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. VAGC 
should be set so that the differential input voltage V01N into 
the level comparator is 1 Vp.p at nominal Read signal condi­
tions. The AGC amp section gain is given by: 

AV2 ~ VBYP2 - VBYPl exp 
AVl 5.8 x VT 

Where: AV1, AV2 are initial and final amplifier gain values 
corresponding to initial and final VBVP values. 

VT ~ (KD!Q ~ 26mVat room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi­
larly, AC coupling must be used at the AGC amp outputs. 

AGC Amp During Write Mode-When the ML4041, ML4042 
is put into write mode, the AGC amp's input impedance is 
lowered to allow a faster dampening of the Write to Read 
transient from the head pre-am p. The AGC gai n is also set to 
maximum gain so that fast AGC attack will occur when 
changing back to the Read mode. Internal device timing is 
controlled so that settling occurs prior to Read mode activa­
tion. Minimal value input coupling capacitors should be 
chosen to reduce settling time, however, bandwidth require­
ments also need to be considered. 
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AGC Amp During Hold Mode- During the Hold mode, the 
charge! discharge current driving pin BYP is internally discon­
nected. AGC compensation capacitor CAGe will then hold 
the present gain setting. The amplitude ofVouT will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor­
mally taken at outputs DIF- and DIF+, as shown in the typical 
application. 

External Filter Network 
Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A mUlti-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 
The full wave rectified VOUT is buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer­
ence voltage derived from voltage VLEVEL output from pin 
LEVEL. Using VLEVEL provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 
The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ­
ential ofthe read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica­
tion, is used between the DIF+ and DIF- pins to provide the 
differential function given by: 

A _ -2000Cs 
v - LCs2 + (R + 92) Cs + 1 

Where: C = External capacitor (20 pF to 150 pF) 
L = External inductor 
R = External resistor 
s = jw = j2nf 

Output lDgic 
The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 

ML4041, ML4042 
OUTPUT 

Pin R!W must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli­
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out­
put timing and the level detector determines pulse validity. 

Layout Considerations 
As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir­
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 
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BLOCK DIAGRAM 
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Figure 1. AGe Timing Diagram 
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Figure 2. Output lDgic TIming Diagram 
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TYPICAL APPLICATIONS 

ML4041, ML4042 
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Figure 3. Typical Application Diagram 
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Figure 4. Modification of AGe Amplifier Output to Drive Low Impedance Filters 

'Micro Linear 5-55 

-



ML4041, ML4042 

ORDERING INFORMATION 

5-56 

PAKTNUMBER 

ML4041CP 
ML4041CQ 
ML4041CS 
ML4042CP 
ML4042CQ 
ML4042CS 

PACKAGE 

Molded DIP 
Molded Leaded PCC 

SOIC 
Molded DIP 

Molded Leaded PCC 
SOIC 

'Micro Linear 

PIN COUNT 

24 PINS 
28 PINS 
24 PINS 
28 PINS 
28 PINS 
28 PINS 
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GENERAL DESCRIPTION 
The ML4401 provides all of the analog circuitry necessary for 
the demodulation of di-bit servo signal information in 
Winchester disk drives. It interfaces to the servo head preamp 
and provides quadrature position signal outputs for the servo 
controller circuitry. 

The ML4401 includes a high-performance 592-type input 
amplifier and differential AGC circuit. External logic is de­
signed to meet the needs of the particular servo system utiliz­
ing the VCO and Charge Pump to create a PLL time base for 
Peak Detector gating. The SYNC output provides servo chan­
nel timing information for the logic. 

The ML4401 when combined with the ML4402, 
ML4406/07108 Servo Driver, the ML4403, ML4413 Servo 
Controller and the ML4404 Trajectory Generator, 
provides a flexible closed-loop servo control system. 

BLOCK DIAGRAM 

ML4401 

Servo Demodulator 

FEATURES 
• Combines all analog di-bit demodulation circuitry 
• Logic track-type switching can be used to minimize 

demodulator offset 
• Exponential AGC characteristics makes AGC settling 

independent of input step size 
• External loop compensation of analog blocks 
• External digital circuitry allows flexible pattern format 
• On-chip band gap voltage reference eliminates exter­

nal referenci ng 
• Operates from 12V power supply 
• Compatible with Micro Linear's Ml4403, Ml4413 

Servo Controller, Ml4402, Ml4406/07/08 Servo 
Driver and Ml4404 Trajectory Generator 

CA CD 
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10 vo" 24 23 
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RL2 RLI 

CAGe CDC TP 
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.~ Micro Linear 
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PIN CONNECTIONS 

ML4401 28-Pin DIP 
(Prototypes Only) ML4401 28-Pin PCC 

FINC FDEC veoP veOL FDEC POSA 

veOL POSB I veOI I FINC I POSB I 
veOI POSA 4 3 2 1 28 27 26 
veoP SYNC veON 25 SYNC 

veON CDC VCC 24 CDC 

vcc TP VREF 23 TP 

VREF GATE4 GND 22 GATE4 

GND GATE3 VAGC 21 GATE3 

VAGC GATE2 CAGC 10 GATE2 

CAGC GATEI GAINI 11 GATEI 

GAINl CAP4 12 13 14 15 16 17 18 

INX CAP3 I INY I CAPl I CAP3 I 
INY CAP2 INX GAIN2 CAP2 CAP4 

GAIN2 CAPl TOP VIEW 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

FINC Charge pump frequency incre- 15 CAPl Peak detector 1 capacitor terminal. 
ment input (TTL). 16 CAP2 Peak detector 2 capacitor terminal. 

2 VCOL PLL loop compensation terminal. 17 CAP3 Peak detector 3 capacitor terminal. 
3 VCOI VCO high impedance input. 18 CAP4 Peak detector 4 capacitor terminal. 
4 VCOP VCO positive output, for capaci- 19 GATEl Peak detector 1 gate input (TTL) 

tive feedback to VCOI. high enabled, low disabled. 
5 VCON VCO negative output, drives resist- 20 GATE2 Peak detector 2 gate input (TTL) 

ance feedback to VCOI, also pro- high enabled, low disabled. 
vides ECL output on ML4401 and 21 GATE3 Peak detector 3 gate input (TTL) 
TTL output on ML4411. high enabled, low disabled. 

6 Vee +12Vsupply. 22 GATE4 Peak detector 4 gate input (TTL) 
7 VREF Voltage reference output ( + 5 V). high enabled, low disabled. 
8 GND Ground. 23 TP Composite test point, normally left 
9 VAGe AGC gain reference voltage input. unconnected. 
10 CAGe External capacitor terminal to set 24 CDC External capacitor terminal to set 

AGC response. DC restore response. 
11 GAINl Input amplifier gain adjusting RC 25 SYNC SYNC pulse output (TTL). 

terminal 1. 26 POSA Position output A. 
12 INX X input into input amplifier. 27 POSB Position output B. 
13 INY Y input into input amplifier. 28 FDEC Charge pump frequency decre-
14 GAIN2 Input amplifier gain adjusting RC ment input (TTL). 

terminal 2. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not Implied. 

Power Supply Voltage, V CC ........................... 14 V 
Input Voltages: 

GAIN1,GAIN2 ............................ -0.3t08V 
CAGC .................................. -0.3 to 7.0V 
VAGC ................................... - 0.3 to 5.3 V 
CAP1, CAP2, CAP3, CAP4 ................... -0.3 to 10V 
GATE1, GATE2, GATE3, GATE4, VCOP ......... -0.3 to 7.5V 
INX, INY, VCON, VCOI, FINC, FDEC, CDC 
................................... -O.3toVcc +O.3V 

aJA for 28-Pin Plastic DIP ..................... :::600 C/Watt 
aJA for 28-Pin PlCC .......................... 60° C/Watt 
Storage Temperature Range ............... - 65° C to +150° C 
Junction Temperature (TJMAX) ....................... 150° C 
lead Temperature (Soldering, 10sec) ................. 260° C 

ELECTRICAL CHARACTERISTICS 

ML4401 

OPE RATING CONDITIONS 

Temperature Range .......................... 0° C to 70° C 
SupplyVoltage(Vccl ........................ 12Voc ±10% 
Input Coupling Capacitance (Ci) ..................... O.01"F 
Input Amp Gain Capacitance (CG) .................. 0.047"F 
Input Amp Gain Resistance (Rc) ....................... 1 kQ 
AGC Response Compensation Capacitance (CA) ....... 0.082"F 
Composite DC Restore Capacitance (CD) .............. O.Ol"F 
Pll Compensation Components: 

CCPl ......................................... O.l"F 
CCP2 .........•...............................•. l"F 
~ .......................................... mQ 

Pll Gain Components: 
Rv .......................................... 1000Q 
Rl1, Rl2 ..................................... 1000Q 

Peak Detector Capacitance (CAP1thru CAP4) ........... 270pF 
SYNC Output Pull-Up Resistor (to 5V) ................ l000Q 
On track Base-to-Peak Voltage at pin TP ................ 1.75 V 
VGA Gain Control Voltage (at pin CAGcl ...........•.... 0.65V 

The following specifications apply overthe recommended operating conditions ofTA -0 to 70° C, Vcc ~ 10.8 to 13.2\/, 
VVAGC-5.O\/, and external components as recommended above, unless otherwise specified (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

Power Supply 

Icc I Supply Current I Vcc~12V 81 110 mA 

TTL Inputs FINC FDEC GATEl GATE2 GATEJ, GATE4 , , , , 
VIH High level Input Voltage 2.0 V 

Vil low level Input Voltage 0.8 V 

IIH High level Input Current VIH~2.4V -1 30 "A 

III low level Input Current Vil ~O.4V -20 1 i-<A 
SYNC Output (TTL Open Collector) See Note 3 

VOl low level Output Voltage 10l ~1.6mA 0 0.3 0.5 V 

VTHR Positive going input threshold VREF +0.9 V 

VTHF Negative going input threshold VREF V 

tpD± Propagation Delay Rising, Rl~2 k, Cl ~ 15 pF 50 ns 
Falling 

VCOP Output ML4401 (TA = 25° 0 
High level Output Voltage V 

VOl low level Output Voltage V 

VCOP Output ML4411 

High level Output Voltage V 

VOl low level Output Voltage 10l ~1.6mA V 

VCO and Charge Pump Section 

IBIAS Vcollnput Bias Current 0 25 50 "A 

ICH' lOIS V COl Charge and Discharge 495 660 825 "A 
Current 

IcH/IDIS VCOl ChargelDischarge Ratio 0.95 1.00 1.05 "A/"A 
IOFF VCOl OFF State Current FINC~2.0 0 25 50 nA 

FDEC~0.8 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions ofTA =0 to 70° C, Vee = 10.8 to 13.2 V, 
V AGe = 5.0 V, and external com ponents as recommended above, unless specified (See Note 1.) 

SYMBOL PARAMETER CONDITIONS 

VCO and Charge Pump Section (Continued) 

FMAX MAX VCO Frequency to Main- 30 
tain + and - 5% Control 
Range Note 4 

Fvco VCO Frequency Range TA = 25°C, Vcc = 12, VCOL = 6V 9.7 10.0 10.3 
Note 4 Cv = 100pF, Rv = 640kO 

Kvco VCO Voltage to Frequency 2 
Factor 

Input AMP. AGC AMP. and DC Restore , , 
RIN INX, INY Differential Input 7 10 14 

Resistance 

IGAIN1,2 GAIN1, GAIN2 Bias Current 0.66 1.0 1.20 

IBIAS VAGC Input Bias Current 0 5 20 

GMAGC AGC Transconductance at 370 
CAGC 

RAGc Control Range of AGC Loop to 7/1 
Regulate Composite Amplitude 
to within 2% of Nominal 

BW Bandwidth from INX, INY to 10 15 
Composite Note 4 

GMDCR DC Restore Transconductance 200 

Peak Detectors 

ICH Charge Current 12.7 

IDIS Discharge Current TA=25°C 25 45 60 

TCDIS Tempco of IDIS -0.17 

Voltage Reference 

VREF Reference Voltage TA=25°C 4.85 5.10 5.35 

TC Tempco 50 

RoUT Load Regulation 2 

PSRR Line Regulation 10 

ISINK Maximum SINK Current 0.8 .. 
Output Amplifiers (POSA, POSB) 

Vas Input Offset VCAPl-4=6V -10 0 10 

Av Gain 1.23 1.28 1.33 

AVA/AvB Gain Tracking -3 0 +3 

VOUT Output Voltage Range 1.0 9.5 

IsRC Output Source Current 5 

ISNK Output Sink Current 2 

SR Slew Rate 2.5 

BW 3dB Gain Bandwidth 3 

UNITS 

MHz 

MHz 

%N 

kQ 

mA 

~ 
",MHOS 

VN 

MHz 

",MHOS 

mA 

~ 
~/oC 

V 

ppm/oC 

mV/mA 

mVN 

mA 

mV 

vN 

% 

V 

mA 

mA 

V/"'s 

MHz 

Note 1: 0° C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25° C. 

Note 3: Pin 25 is an open collector output which should not exceed 7 volts in the high state. 

Note 4: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 

APPLICATION HINTS 
Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 

1. Set composite signal amplitude, measured at pin TF: by adjusting voltage at pin VAGC (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 

2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin CAGC; it should be approximately 
0.9 volts, CAGC voltage will vary approximately ±0.5 volts over the AGC range. 

5~60 $J.; Micro Linear 



FUNCTIONAL DESCRIPTION 
Input Amplifier 
The input amplifier is equivalent to a wide-band 592 type 
video amplifier and provides amplification and buffering to 
the AGC circuitry. The Inputs INX and INY, which must be 
AC coupled, accept the composite analog signal from the 
servo head differential preamplifier. Internal input termina­
tion resistors eliminate the need for external bias resistors. 
Prefiltering of the signal is normaly desired to eliminate un. 
wanted components. External components Rc and CG deter­
mine the input amplifier's low frequency cutoff and gain as 
follows: 

FC = --,:-----'-:-:-::-c-::,..---
2n (Rc + 602) CG 

A 1700 
1/ = Rc + 602 

Where: CG External series capacitance between pins 
GAIN1 and GAIN2 

External series resistance between pins 
GAIN1 and GAIN2 

Automatic Gain Control (AGQ 
The purpose of the AGC loop is to maintain a constant peak 
output voltage level at outputs POSA and POSB. This peak 
level is established by the reference voltage applied to pin 
VAGC· 

VP-P(Composlte) = K1 x VAGC + K2 
Where: K1 - 0.65 

K2 = OA1V 
In this closed-loop system, the peak detector output voltages 
are fed back and com bi ned with the V AGC voltage to provide 
a gain control current. The current controls the variable gain 
amplifier (VGA) and is compensated at pin CAGC to provide 
control of AGC bandwidth. The bandwidth of the entire AGC 
loop is determined by: 

BW = K VI/AGC 
2n CA 

Where: K 4.3 x 10-4 

VI/AGC External reference voltage at pin VAGC 
CA External capacitance at pin CAGC 

Optimum system stability is achieved by deriving VYAGC from 
the V REF output using a resistive divider. 

Composite Amplifier 
The input amplifier and AGC circuit of the ML4401 operate in 
a differential signal mode to provide good common mode 
and power supply rejection. The composite amplifier con­
verts the differential signal into a buffered single-ended signal 
for the peak detector circuitry. The DC base line of the com· 
posite signal is equal to VREF . The bandwidth of the DC 
restore function is controlled by capacitor Co at pin CDC with 
the following relationship: 

BW=~ 
2n CD 

Where: gm = 1/5 k2 
CD = External capacitance at pin CDC 

The composite signal is available at pin TP and is normally left 
unconnected. For short circuit protection a 4252 resistor is 
connected in series with pin TP internally. 

/ 

ML4401 

Synchronization Pulse Separator 
The SYNC pulse separator is a threshold comparator with 
hysteresis which passes pulses from the composite amplifier 
above a set threshold. It provides a buffered open collector 
TIL output. The SYNC output, when gated through an exter­
nal one-shot, is used to control the external gate timing and 
PLLlogic. 

Peak Detector 
The peak detector circuit captures the peak signal amplitude 
of the di-bit pulses. The gates are controlled by inputs GATE1 
through GATE4. Timing is established by the external logic 
ci rcuitry. The external peak detector capacitors are con­
nected from pins CAPl through CAP4 to ground. The peak 
detector discharge rate (set by CAP1-CAP4) determines the 
maximum track crossing rate during an access operation. The 
performance of this block can be enhanced by using the 
velocity output of the ML4403, ML4413 to create a velocity 
proportional discharge. The peak detector outputs are fed 
into internal differential amplifiers that calculate the track 
error signals and provide buffered outputs POSA and POSB 
as follows: 
POSA = 1.25 (CAP1-CAP2) + VREF 
POSB = 1.25 (CAP3-CAP4) + VREF 

Voltage Controlled Oscillator and Charge Pump 
The VCO and external phase compare logic provide a tim!' 
base for peak detector gate sychronization. Input~ FINe ,md 
FDEC provide increment and decrement signal~ to the charge 
pump for changing the oscillator frequency. The FINC and 
FDEC inputs gate the charge pump for the duration of the 
pulse width. The RC timing network formed by Cy and Ryat 
pins VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Ry should be greater than 3302. Too low of a value will result 
in excessive power dissipation. RLl, RL2 and Ry should be 
approximately equal, although the values of RLl and RL2 do 
not require accuracy. 

The VCO output should only be taken from pin VCON. 
Charge pump capacitor CCPl is connected from pin VCOL to 
ground. Components Rep and CCP2 are also connected in 
series from pin VCOL to ground to provide VCO loop com­
pensation. 

Internal Voltage Reference 
VREF is an internal band-gap voltage reference. It is buffered 
and available at pin VREF and is used by the ML4402, 
ML4403, ML4404 and other chips requiring a 5 volt refer­
ence. 

ExtemallDgic 
The external logic provided by the user typically has a com­
plexity of about 150 to 300 equivalent gates. Complexity and 
architecture depends on the users di-bit pattern and control 
function. 

Note: Stray capacitance should be considered in applying the 
above relationships when low capacitor values are used. 
Stray capacitance of the integrated circuit terminal is typically 
about 2 to 3 pF. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Fvco 
MHz 

30 

20 

10 

o 

200 

100 

Ay 50 
(V/V) 

10 

1\ 
\ 

o 

ORDERING INFORMATION 

ORDERING 
NUMBER PACKAGE 

ML4401CP Plastic DIP 
ML4401YCQ PLCC 

\ 

~ 

0.4 

VCO FREQUENCY vs RV AND CV 

"-

50 

....... 
....... 

100 
Cy (pF) 

l"'-

Ry =604 i-
TA = 25°C -
Vee = 12V r-

i-

150 200 

AGC GAIN vs CAGe Voltage 

F .I = 2.5MHz 
Cc = 0.047I'F-
Rc = 750Q == 

'\ 

" 
TA = 25°C -

'\. 
'\. 

'" '" ~ 
0.8 1.2 1.6 2.0 

VCAGC (Volts) 

TEMPERATURE 
PIN COUNT RANGE 

28 PINS O°C to +70°C 
28 PINS DOC to +7DoC 

5-62 'Micro Linear 



'Micro Linear 

GENERAL DESCRIPTION 
The ML4402 Servo Driver contains all of the control circuitry 
necessary to drive the head positioning actuator of a hard or 
rigid disk drive system. It receives the error signal generated 
from a servo controller circuit, such as the ML4403, ML4413, 
and drives an external transistor bridge which controls the 
head positioning voice coil actuator. The ML4402 output 
control circuitry includes current sense inputs to provide 
closed-loop control of actual actuator current. By using an 
external power transistor bridge, flexible thermal and space 
management is allowed as well as transistor selection which 
enables a wide application range. 

Included in the device is a unique disable function which 
permits interruption of actuator current. During a disable, the 
output control amplifiers are shut down which cuts off all 
current to the external transistor bridge. Disable can be acti­
vated by a logic high into pin DIS or by the on-board low­
voltage detector. Use of the low-voltage disable function 
prevents actuator response to a false error signal during a 
power failure. The low voltage detector can monitor up to 
two power supplies and has user definable low voltage trigger 
levels. 

The ML4402, when combined with the ML4401/4431 
Servo Demodulator, the ML4403, ML4413 Analog Servo 
Controller and the ML4404 Trajectory Generator, provides 
a flexible high-performance head positioning servo 
system. 

BLOCK DIAGRAM 

ML4402 

Servo Driver 

FEATURES 
• Low differential input offset voltage 

• Contains all control circuitry necessary to drive an 
external transistor bridge 

• Differential amplifiers internally compensated 

• Unique disable function interrupts actuator current 

• Programmable dual supply low voltage detector 

• Single +12Vpowersupply 

• Compatible with Micro Linear's ML4401/4431 
Servo Demodulator, ML4403, ML4413 Servo 
Controller and ML4404 Trajectory Generator chips 

The ML4402-1 and ML4402-2 differ in offset voltage at the 
differential error signal inputs which is a result of the manu­
facturing trim process. 

C1 CMPl E1 SGND S1 C2 CMP2 E2 52 RETR 

GND 
.-------1rDI5 

.------+_ PSF 

vee 

REFA PS1 PS2 
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PIN CONNECTIONS 

VINY GND 

V,NX CMPl 

REFA 5GND 

Vee 51 

VAll E1 

PS1 C1 

PS2 E2 

PSf C2 

Dl5 52 

RETR CMP2 

lOP VIEW 

20-PIN DIP (Prototypes Only) 

PIN DESCRIPTION 

PIN# 

2 

3 

4 
5 

6 

7 

8 

9 

10 

NAME 

REFA 

PSI 

PS2 

PSF 

DIS 

RETR 

FUNOION 

Inverting input for error voltage 
signal. Used as a reference voltage 
(analog ground) input when using 
a single ended output from the 
ML4403 Servo Controller. Ob­
tained from the VREF output of the 
ML4401 Servo Demodulator. 
Non-inverting input for error 
voltage signal. Used as the signal 
input pin when using a single 
ended output from the ML4403. 
Reference pin for low voltage 
comparator. 
+12V power supply pin. 
Optional +5V power supply pin to 
keep the PSF pin operating ifVcc 
fails. With V ALT at +5 V, the PSF pi n 
will go low ifVcc goes to zero, or 
too low to operate the comparator. 
Voltage input for low voltage 
comparator. 
Voltage input for low voltage 
comparator. 
Power supply failure indication, is 
an open collector output of com­
parator. Logic low indicates PSI 
and / or PS2 voltage has gone be-
10wREFA. 
Amplifier Disable pin. TIL input 
that disables both amplifiers with a 
logic high. 
Return spring output, clamped 
open collector output, opposite 
logic polarity as pin PSF. Used to 
drive optional safety circuitry. 

PIN# 

11 

12 
13 

14 

15 

16 

17 
18 

19 

20 

20-PIN PLCC Package 
V,NX GND 

REFA I V,NY I CMPl 

Vee 

VALl 

PS1 6 

PS2 

PSF 

SGND 

E1 

C1 

E2 

DI5 I CMP2 I C2 

NAME 

CMP2 

52 
C2 

E2 

Cl 

El 

51 
SGND 

CMPI 

GND 

RETR 52 

lOP VIEW 

FUNOION 

Compensation node of AMP2 
used to add additional compensa­
tion; the device is manufactured 
with approximately 27pF of inter­
nal compensation. 

Bandwidth Effects: 

f- gm 

21l (C+27pF) 

Slew Rate Effects: 

SR- 20!-iA 
C+27pF 

Where: 
gm- 150llmhos 

C - External Compensation 
Capacitor CCMPl 
orCCMP2 

Current sense input for AMP2. 
Collector of output transistor of 
AMP2. 
Emitter of output transistor of 
AMP2. 
Collector of output transistor of 
AMPI. 
Emitter of output transistor of 
AMP!. 
Current sense input for AMPI. 
Reference ground for 51,52 
feedback. 
Compensation node of AMP1, 
used to add additional compensa­
tion. The device is manufactured 
with approximately 27pF of inter­
nal compensation. Bandwidth and 
51ew Rate effects are the same as 
the CMP2 pin. 
Ground. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 

Power Supply Voltage (V cel .......................... 14 V 
Terminal Voltage Range 

(VINX, VINY' VALT, P51, P52, REFA, DIS) ..... -0.3 to Vcc +O.3V 
51,52 .......................................... 7V 

Terminal Input Current (CMP1, CMP2) ................ 0.1 mA 
Storage Temperature Range ................ -65°C to +150° C 
Junction Temperature (fJ) ........................... 125° C 
Lead Temperature (Soldering, 10sec) ................. 260° C 

ELECTRICAL CHARACTERISTICS 

Ml4402 

OPERATING CONDITIONS 

Supply Voltage 
Vcc ...................................... 12V±1O% 
VALT ...................................... 5V±10% 

Typical Component Values (Refer to Typical Application) 
~ ......................................... ~Q 
RoB ......................................... 240Q 
Roc .......................................... 150Q 

RoD··.··.·.··.·······.··.·······.··.·········~Q 

The following specifications apply oyer the recommended operating conditions of Vee = 10.8 V to 13.2 V, VINY = 5 V, TA =0 to 
70° C, and external components as shown above unless otherwise specified (See Note 1). 

SYMBOL PARAMETER CONDITIONS UNITS 

Power Supply 

IcC Vcc Supply Current Outputs unloaded, Pin REFA open mA 

100 VAll Supply Current Vcc=GND 

Amplifier Characteristics 

AYl Voltage Gain at Pin 51, VINx =5.1 and 6V 
Vs11 (VINX - VI NY); VINy =5.0V 0.342 0.352 0.362 VIV 
Applies when VINX > VI NY 

AYl Voltage Gain at Pin S2, VINX =4.9 and 4V 
Vsl/(VINY- VINX); VINy =5.0V 0.342 0.352 0.362 VIV 
Applies when VINY > VINX 

eAY Gain Linearity Error (Ay1 - Ayl I0.5(AY1 +Ayl) -2 0 2 % 

Vas VINX, VI NY Input Offset Voltage Vas defined where -10 +10 mV 
with Respect to Either Pin 51 or Avl or Avl>0.16 
Pin 52 TA=25°C 

VasDIFF Differential Vasl-Vasl I ML4402-1 -5 +5 mV 
I n put Offset TA=25°C ML4402-2 -10 +10 

Tcyos Offset Voltage Tempco 15 ,NloC 

Vs Voltage Swing Range of Pin 51, VS1 ; VINx =6.7V 0.5 0.65 V 
52 Above Ground VSl; VINx =3.3V 

IYR Input Voltage Range into VINX 3.3 10 V 
and VI NY 

IIBl Input Bias Current, VINX and 0 10 75 JJA 
VI NY 

IIBl Input Bias Current, Pin 51 or 52 Vsv Vsl=GND -1.6 -1.2 -0.8 mA 
(sourcing) 

PSRR Power Supply Rejection 60 dB 

CMRR Common Mode Rejection 
Ratio 80 dB 

GBP Gain Bandwidth Product CCMP1,l=0 0.83 MHz 

SR Slew Rate CcMP1,l=0 0.74 VII'S 

Output Transistor Characteristics 

lOUT Output Current; Icv IE1' Icz, IEl VINX-VINY= +lV mA 
Vo. VCl=3V; VEV VEl=O.7V 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee ~ la.BV to 13.2 V, VINY ~ 5 V, TA ~ a to 
7ao C, and external components as shown unless otherwise specified (See Note 1). 

SYMBOL PARAMETER CONDITIONS UNITS 

I nternal Voltage Reference (V REF) 

PSMIN Minimum Allowable Vcc WhereVREF >2048V 4.75 V 
Voltage 

VREF VREF Voltage T)_25°C 2.44 2.55 2.66 V 

TREG VREF Thermal Stability Over Specified Range 50 ppm/DC 

RREF RREF Resistance (Internal Resistorfrom VREF to Pin REFA) 2.55 kQ 

Comparator 

Vos I nput Offset Voltage, any Two -30 5 30 mV 
Inputs 

liN Input Bias Current -0.5 -0.1 0 ,..A 

VOl PSF Logic 0 Voltage IOL -1.6mA 0 0.2 004 V 

VOl RETR logic 0 Voltage ISINK -3mA 0 0.5 1 V 

IOH PSF Logic 1 Leakage Current VpsF -5V -10 0.2 10 ,..A 

IOH RETR Logic 1 Leakage Cu rrent VRETR -2V -20 0.05 20 ,..A 

Amplifier Disable Section 

VIH DIS Logic High Voltage 2.0 V 

IIH DIS Logic High Current VIH -204V -20 20 ,..A 
Vll DIS logic Low Voltage 0.8 V 

III DIS Logic Low Current Vll-004V -20 20 ,..A 

Note 1: 00 C to 700 C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25 0 C. 
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TYPICAL APPLICATION DIAGRAM 

ML4403 Your V.;;.IN::.:.X t-----, 
Vee Vee 

ML4401 VR" V_'N_Y.,-. ....... 

52 

+5V +12V 

REFA 

PS1 

PS2 

PSF DIS 

ORDERING INFORMATION 

PART NUMBER PACKAGE PIN COUNT 

Ml4402-1CP PDIP 20 PINS 
Ml4402-1CQ PCC 20 PINS 
Ml4402-2CP PDIP 20 PINS 
Ml4402-2CQ PCC 20 PINS 

Ml4402 

r-----:i2v---1 
I I 

I 

NOTE: NEED HEATSINKSON 
MJE200 & MJE210 

RoB 

+12V 

I 
I 
I 
I 
I 
I 
I 
I 
I ___ J 

OPTIONAL SAFETY CIRCUITRY 

TEMPERATURE 

20 
5W 

TO SPINDLE 
MOTOR 

RANGE COMMENTS 

O°Cto +70°C Input Offset- SmV 
O°Cto +70°C Input Offset- SmV 
O°Cto +70°C Input Offset- 10mV 
O°Cto +70°C Input Offset- 10mV 
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GENERAL DESCRIPTION 
The Ml4403 /4413 Servo Controller provides analog circuitry 
used in high performance trajectory and position control 
system for disk drive transducer heads. As a part of a head 
positioning servo system, this bipolar monolithic chip is de­
signed to accept quadrature position signals and generate a 
servo error signal. While designed for minimum track access 
time, the Ml4403/ 4413 supports a wide range of system 
designs. 

Trajectory control functions include a track crossing detector, 
a velocity signal generator, and a velocity event detector. 
System stability and short settling time is insured by the inter­
polator function, which generates a ramp signal used to 
smooth the external position DAC output. 

Position control is provided by a signal error amplifier 
within the device. When used with the Ml4401/4431 
Servo Position Demodulator, the track selection is 
performed by Ml440114431 peak detector timing. This 
selection method eliminates track to track voltage offset 
problems and allows minimum track spacing. The Ml4413 

BLOCK DIAGRAM 

ML4403iML4413 

vee 
L 

1 
DIN -K> LOGIC 

POSA 
POSB 

~ ~ 
COMPARATORS 

POSITION 
Fill-IN 

INTERPOLATOR 

ML4403, ML4413 

Servo Controller 

FEATURES 
• Interpolate function smooths trajectory curve 
• Flexible architecture allows user defined loop response 
• Provides minimum track access time and maximum 

track density 
• Single +12 V power supply 

• Compatible with ML4401 Servo Demodulator, 
ML4402, ML4406/07/08 Servo Driver and Ml4404 
Trajectory Generator 

has a discharge function that enables zeroing of the 
external error amplifier compensation. This feature 
further reduces position settling time. An on-board 
on-track detector is provided which is used as a safety 
alarm by the controller for an off-track condition. 

The Ml4403/4413 Servo Controller, when combined with 
the Ml4401 Servo Demodulator, the Ml4402, 
Ml4406/07108 Servo Driver and the Ml4404 Trajectory 
Generator provides a flexible closed-loop servo control 
system. 

GND 
I 

-:!:-

GO-G3 

J ...t. ".. 

~ 
"""" 

7 

VR 
I 

+ 
j-t- TRKX 

'CMPl 
'CMP2 

FILL 

DIFA 
DIFB VELOCITY SIGNAL GENERATOR rt- VELO 

5-68 

VELE 

VELC 

MODE 

POSI 
'CDIS 

'DIS 

TCI 

r-VELOCITY 
I COMPARATOR VELOCITY 

,-- EVENT i-f- DECO 
VELOCITY ~ DETEOOR 

ERROR AMP 1 GC 

-K> - GA 
MODE GO OUTPUT 

f-LOGIC MULTIPLEXER 
GC 

EYO 

POSITION AMP 1 
I 

CMPO 

ON-TRACK DETEOOR TCO 

, PINS WITH THE 'IN FRONT ARE USED ON THE ML4413 ONLY. 
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PIN CONNECTIONS 

ML4403 20-PIN DIP (Prototypes only) 

DECO DIN 

MODE VELE 

FILL VELC 

POSA POSI 

POSH CMPO 

GND EVO 

Vee VR 

TRIO( VELD 

TeO DIFH 

Tel DlFA 

TOP VIEW 

ML4413 24-PIN SKINNY DIP (Prototypes only) 

DECO D,N 

MODE VELE 

FILL VELC 

POSA POSI 

POSH CDiS 

CMP2 CMPO 

GND DIS 

CMPl EVO 

Vee VR 

TRKX VELO 

TeO DlFH 

Tel DlFA 

NC = NO CONNECTION 

POSA 

POSA 

POSH 

CMP2 

GND 

CMPl 

POSH 

GND 

Vee 

TRIO( 

Vee 10 

NC 11 

'Micro Linear 

ML4403, ML4413 

ML4403 20-PIN PLCC 

MODE DIN 
FILL I DECO I VELE 

3 2 1 20 
VELC 

POSI 

CMPO 

EVO 

VR 
9 10 11 12 

TeO I DlFA I VELO 
Tel DIFH 

TOP VIEW 

ML4413 28-PIN PLCC 
FILL DECO VELE 

NC I MODE I D,N I VELC 

321282726 

12 13 14 15 16 17 18 

TRIO( I Tel I DIFH I NC 
TeO DIFA VELO 

TOP VIEW 

25 NC 

POSI 

CDiS 

CMPO 

DIS 

EVO 

VR 
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PIN DESCRIPTION 
ML4403 
DIP and 
PLCC 

2 
3 

4 
5 

6 

7 
8 

9 

10 

11 
12 
13 

14 

15 

16 

17 
18 

19 
20 

5-70 

Ml4413 
DIP PLCC 

2 2 
3 3 

4 5 
5 6 

7 8 
8 9 
6 7 

9 10 
10 12 

11 13 

12 14 

13 15 
14 16 
15 17 

16 19 

17 20 

18 21 

19 22 

20 23 

21 24 
22 26 

23 27 
24 28 

NAME FUNCTION 

DECO Digital output from the velocity event detector. In application, this output goes 
to a logic high when the actual actuator velocity reaches the trajectory curve. It 
remains high through the "braking" or negative acceleration. This pin goes low 
when velocity is zero and remains low during actuator acceleration. This pin is 
only allowed to go high during access mode. This output is open collector and 

MODE 
FILL 

POSA 
POSB 

GND 
CMP1 
CMP2 

Vee 
TRKX 

TCO 

TCI 

DIFA 
DIFB 
VELa 

VR 

Eva 

DIS 

CMPO 

CDIS 

POSI 
VELC 

VELE 
DIN 

requires an external pull-up resistor. 
Digital input used to select Hold mode (low level) or Access mode (high level). 
Analog output that provides a sawtooth waveform that, when summed with 
stair-step output of the external DAC, provides a smooth trajectory curve. Refer 
to Figure 3. 
Analog input for quadrature position signals from demodulator (ML4401! 
4431). Low pass prefiltering is recommended to eliminate peak detector 
ripple and external noise. 
Device ground connection. 
Digital outputs that can be used for various control and count schemes. These 
pins are only available on the ML4413. Timing is shown in Figure 3. These out­
puts are open collector outputs with an internal pull-up resistortied to +5V. 
+12 V power supply connection. 
Digital output that provides a logic transition at each track crossing which is 
defined as the point midway between two tracks. Refer to Figure 3. This output is 
open collector with an internal pull-up resistor tied to +5 V. 
Digital output from the on-track detector. Used in Hold mode, this pin goes to 
logic high when the position signal exceeds an established window. This output 
is open collector with an internal pull-up resistor tied to +5 V. 
Analog input into the on-track detector. The input is normally derived from the 
position signal. 
Analog inputs for differentiated quadrature position signals. These inputs are 
used to generate the velocity signal at output VELa. 
Analog output that provides a continuous velocity (tachometer) signal by time 
multiplexinglinverting the DIFA, DIFB input signals. 
Reference voltage input. This value should typically be +5Y, which is 
obtainable from the VREF output of ML4401!4431. 
Multiplexed analog output of both velocity error and position error signals. This 
output is used as the input for the servo actuator driving circuity such as the 
ML4402. 
Digital input that, upon a logic high, electrically shorts pins CDIS and CMPO in 
order to keep the compensator capacitor discharged after entering hold mode. 
This pin and function is only available on ML4413. This function is used to re­
duce settling time when entering the Hold mode. Unlike pins MODE and DIN 
which float to logic high, this pin floats to logic low when left unconnected. 
Analog connection point for position compensation circuitry that is connected 
between this pin and pas!. 
Used to discharge external position compensation as shown in Figure 5. This pin 
is only available on ML4413. On the ML4403 this pin is internally connected to 
pin pas!. 
Analog input for position control amplifier. 
Analog input into velocity comparator. The velocity comparator trigger level is 
VR and is used for velocity event detection as described below. 
Analog input for velocity error signal generated off-chip, referenced to YR. 
Digital input that controls actuator direction during Seek mode. This input af­
fects the waveforms of outputs FILL, VELO, and Eva. Refer to Figure 3. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, Vee ........................... 14V 
Terminal Voltage Range 

VR •.........•..........•........•...•. -0.3t07.0V 
1'051 ....•........••...•.........•.. -0.3toVR +O.3V 
DIN, POSA, I'05B, DIFA, DIFB, VElE, VElC, MODE, DIS, 
TCI ........•....................•. -0.3 to Vee +O.3V 

Storage Temperature Range ................ - 65°C to + 150°C 
Junction Temperature ............................ + 125°C 
lead Temperature (Soldering, lOsec) ••.••.•..•.•.••..• 260°C 

ELECTRICAL CHARACTERISTICS 

ML4403, ML4413 

OPERATING CONDITIONS 

Temperature Range ...............•.....•.... O°Cto 70°C 
Supply Voltage {Ved ...................•...... 12V:tl0% 

The following specifications apply overthe recommended operating conditions ofVcc-10.8 to 13.2V, and VR - S.Ov, unless 
otherwise specified. (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

Power Supply 

Icc I VccSupplyCurrent I Outputsunloaded 38 60 rnA 

DIGITAL INPUT/OUTPUT CHARACTERISTICS 

Inputs DIN and Mode 
VIH logic High Voltage 2.0 V 

IIH logic High Current VIH-2.4V -40 1 40 fAA 
VIL logic low Voltage 0.8 V 

IlL logic low Current VIL -0.4V -100 -50 0 fAA 
Input DIS (ML4413 Only) 
VIH logic High Voltage 2.0 V 

IIH logic High Current VIH-2.4V 0 180 250 fAA 
VIL logic low Voltage 0.65 V 

Outputs TeO and TRKX 

VOL Output low Voltage IOL-1.6mA 0 0.4 V 

VOH Output High Voltage IOH-5O,.A 2.4 V 

tro Propagation Delay CL -15pF 200 ns 

VTH Track Comparator Window + and - relative to VR 235 257 270 mV 

Outputs CMP1 and CMP2 (ML4413 Only) 

VOL Output low Voltage Im =O.4mA V 

VOH Output High Voltage V 

Output DECO 

V m I Output low Voltage Ilm-1.6mA o 0.5 V 

'Micro Linear 5-71 

• 



ML4403,ML4413 

ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee -10.8 to 13.2 \/, and VR = 5.0\/, unless 
otherwise specified. (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG INPUT/OUTPUT CHARACTERISTICS 

Outputs Fill, VElD COMPO and EVO , , 
VOS1 Input Offset Voltage EVO, FILL 2 mV 

VOS2 Input Offset Voltage COMPO -5 5 mV 

VOS3 VElD Variation in output level in -10 10 mV 
Input Offset Voltage Tracking 4 mUltiplex states with 
Between 4 Mu Itiplex States DIFA-DIFB-5V 

SRI Slew Rate FILL 4 V/j.15 

SR2 Slew Rate COMPO, VElD, 1 V/"s 
EVa 

Vour Output Range All 1.0 9.0 V 

IsRO Source Current CaMp, VElD, 3 rnA 
FILL 

ISRC2 Source Current EVO 1.5 rnA 

ISNKI Sink Current FILL 0.25 rnA 

ISNK2 Sink Current EVa, VELE 2 rnA 

ISNK3 Sink Current COMPO 4 rnA 

Operational Amplifiers 

Vos I nput Offset Voltage 2 mV 

Ie Average Temperature Coeff of 20 "V/oC 
Input Offset Voltage 

los Input Offset Current 10 nA 

18 Input Bias Current 100 nA 

AVOL Open IDopGain 200 VlmV 

GBW Gain Bandwidth Product 1 MHz 

POSA, POSB Comparators 

Vos Input Offset Voltage 2 mV 

VHYS Hysteresis ±500 mV 

Ie Average Temp Coeff of Input 20 "V/oC 
Offset Voltage 

los Input Offset Current 50 nA 

18 Input Bias Current 500 nA 

Av Voltage Gain 200 VlmV 

Pd Response Time 500 ns 

Note 1: OOC to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25°C. 
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FUNCTIONAL DESCRIPTION 
Power Supply and Reference Requirements 
The ML4403J4413 operates from a single 12V ± 10% 
power supply, a 5.0V reference is required at pin VR 
which is available from pin VREF on the ML4401/4431. 
VR serves as a system reference or "analog ground". 

Modes of Operation 
The device has two modes of operation, Access and Hold 
mode, which are controlled by pin MODE. To accomplish 
this, pin MODE controls the output multiplexer that selects 
either the velocity or position error signal. 

Access Mode 
The head actuator servo system uses Access mode to move 
the recording head(s) from one data track to another. Access 
mode circuitry within the ML4403/4413 includes analog 
functions necessary to measure and control head actuator 
velocity. The head velocity is controlled in a fashion that 
provides fo~ a fast track-to-track movement and minimum 
settling time, which results in minimum track access time. 

Actuator Trajectory 
Similar to racing to the next stop sign, the fastest way to move 
from one data track to the next is through maximum acceler­
ation and maximum braking (negative acceleration). In a disk 
drive the acceleration, either positive or negative, is governed 
by maximum available actuator current. To do this in a con­
trollable manner and land on the target track, an achievable 
"braking curve" or trajectory function is first defined. At the 
beginning of Access mode, maximum acceleration is applied 
until the head velocity reaches this defined braking curve. 
Following the velocity profile of the trajectory curve, con­
trolled braking stops the head on the target track. 

Unlike acceleration, velocity and distance are accurately 
measurable and therefore controllable parameters. The tra­
jectory function, as shown in Figure 2, is therefore expressed 
as velocity (track crossing rate) vs. distance (tracks to go). The 
desirable constant positive and negative acceleration will 
result in the expression of velocity as a function of the square 
root of distance. Therefore generation of the trajectory curve, 
velocity vs. distance, requires a non-linear function. 

Actuator Trajectory Generation 
At the start of a track access cycle, initial tracks-to-go count is 
supplied by the microprocessor. As the head moves, the 
count is decremented by the ML4403/4413 track crossing 
detector. To generate the analog "desired velocity" signal 
required for braking control, the tracks-to-go count (distance 
variable) is converted through a DAC (Digital to Analog Con­
verter) with a non-linear square function included either 
before or after the conversion. One common approach used 
to obtain this non-linear function is to pre-process the tracks­
to-go count (or multiple thereof) in the microprocessor. This 
can be performed algorithmically by the use of a look up 
table. 

Ml4403, Ml4413 

An alternate method, as shown in the typical application of 
Figure 5 places the non-linear function after the DAC conver­
sion. The tracks-to-go count is maintained by a simple dis­
crete down-counter that is initialized by the microprocessor. 
To eliminate the DAC steps and provide a smooth distance 
signal, the DAC output is summed with the ML4403/4413's 
FILL output in the external summing amplifier shown. The 
FILL output generates a sawtooth wave, as shown in Figure 3. 
This distance signal is then passed through the non-linear 
trajectory generator which generates the "desired velocity" 
signal used during braking. Generating a smooth trajectory 
curve reduces electrical/mechanical system oscillation and 
target track settling time. 

Inductance-caused actuator lag can also create a target track 
overshoot problem. The trajectory curve generator, as indi­
cated, can be designed to allow the microprocessor to mod­
ify the non-linear function in a way to account for this lag. 
Refer to Figure 2. The amount of lag will depend on duration 
of braking. Braking duration can be correlated against accel­
eration duration which is indicated by the timing of pin 
DECO. 

The track crossing detector, which drives the trajectory posi­
tion counter (see Figure 5), is generated with external logic. 
The input comparators have a fixed amount of internal hys­
teresis to provide noise immunity and media dropouts. The 
CMPl and CMP2 outputs on the ML4413 can be used to 
perform more sophisticated sequential track crossing detec­
tion schemes. This can further reduce the detector's suscep­
tability to media dropouts. 

Hold Mode 
At the end of an Access cycle, the head is stopped, or nearly 
so, on the target track. Hold mode is then selected to main­
tain accurate head positioning on that track. In this mode, the 
compensator output (CMPO) is multiplexed into the error 
amplifier output (EVa). 

Track Selection 
Track position is held by maintaining a zero value of the posi­
tion input signal, with respect to YR. However, to allow selec­
tion of one of four track types and maintain error signal 
polarity, selection of POSA, POSB, or their inverse needs to 
be possible. Commonly this selection process is accom­
plished with an analog multiplexer-inverter matrix. The prob­
lem inherent with this approach is the track-to-track offset 
differences, caused by the amplifier input offset differences 
within the matrix. 

The track selection scheme adopted by the ML4401/4431 
and ML4403J4413 combination performs the multiplexing 
within the ML4401/4431. The selection/inversion 
operation is performed with the external support logic of 
the ML4401/4431 by changing the peak detector sample 
timing. This method eliminates the offset problems and 
allows a higher track density. 
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Position Amplifier and Compensator Zeroing 
During track following mode (mode low), the compensator 
amplifier acts as an integrator which nulls out the position 
error. The timing ofthe transition between access mode and 
track follow is critical to minimize settling time. The velocity 
at which this transition occurs can be externally set by resistor 
RCMP (see Figure 5). During seek mode, the large compensa­
tor capacitor (CCMP) is discharged through an internal 
switch, so that the integrating loop sees no initial charge at 
the beginning of track follow mode. This can reduce settling 
time by several milliseconds. 

The Ml4413 provides a further enhancement of this feature. 
The switch can remain closed after the beginning of the seek­
to-track follow transition by holding pin DIS high. In this way, 
the time at which the logic switches modes, and the time that 
integration begins can be controlled independently, and 
further settling time reduction can be acheived. 

On-Track Detector 
The on board on-track detector is a window comparator that 
provides a digital alarm of an off-track condition. This feature 
is useful as a safety to prevent data transfer during an off-track 
condition that may occur during track settling or mechanical 
jarring. 

Velocity Control 
As a necessary element of velocity control, a velocity 
signal is generated and is output at pin VELa. To 

TRAJECTORY FUNCTION 
- .... _- ..... _ ACTUATOR INDUCTANCE 

MODIFIED ~ ..... 
TRAJECTORY~ ................ t FUNCTION .............. 

i: 
~ 
~ 

DISTANCE TO GO-

Figure 2. 

accomplish this, the quadrature position signals are first 
differehtiated through external RC networks and then 
input into pins DIFA and bIFB. The Ml4403/4413 then 
time multiplexes these differentiated signals to obtain a 
continous velocity signal that is output at pin VELa. It is 
important to note that the trajectory generator shown 
in Figure 5 generates a "desired velocity" signal positive 
with respect to VR, and that VElO creates a negative 
signal with respect VR. This allows the use of a simple 
external resistor bridge to create the velocity error 
signal. 

The summing function can be modified, as illustrated, by the 
action of pin DECO when the actual velocity reaches the 
trajectory curve. Modification can also be made just prior to 
that time with the "optional trajectory overshoot compensa­
tion" circuit, shown in Figure 5, that prevents overshoot due 
to actuator motor inductance. 

Inductance-caused actuator lag can also create a track over­
shoot problem. The trajectory curve generator, as indicated, 
can be designed to allow the microprocessor to modify the 
non-Iinearfunction in a way to account for this lag as shown 
in Figure 2. The amount of lag will depend on duration of 
braking. Braking duration can be correlated against accelera­
tion duration which is indicated by the timing of pin DECO. 

POSB INPUT 

POSA INPUT - "'X/ 
CMP10UTPUT 

CMP20UTPUT 

TRKXOUTPUT 

DIN INPUT 

Figure 3. 
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Figure 5. Connecting the Ml4403 to the Ml4404 Trajectory Generator and the Ml4402 Servo Driver 
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ORDERING INFORMATION 

PART NUMBER PACKAGE 

Ml4403CP Plastic DIP 
Ml4403CQ Plastic PCC 
Ml4413CP Plastic DIP (0.3" Wide) 
Ml4413CQ Plastic PCC 

Micro Linear reserves the right to make changes to any product herein to 
improve reliability, function or design. Micro linear does not assume any 
liability arismg out of the applicalion or use of any product described herein, 
neither does It convey any license under Its patent right nor the rights of others. 

PIN COUNT 

20 PINS 
20 PINS 
24 PINS 
28 PINS 

'Micro Linear 

ML4403, ML4413 
" '\ 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

2092 Concourse Drive 
San Jose, CA 95131 
Tel: 408/433-5200 

Telex: 275906 
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GENERAL DESCRIPTION 
The ML4404 Trajectory Generator provides the 
trajectory function for time optimal head positioning 
systems. The ML4404 receives position and velocity 
information from a servo controller, such as the 
ML4403, and generates the desired time optimal 
velocity trajectory. Desired Velocity is then compared 
with the actual velocity to create the error signal used 
by the servo controller. 

An anticipate function is included to compensate for 
phase shift error caused by actuator inductance. 
Another feature on the ML4404 is an error measure 
output which averages the velocity error during 
deceleration, so that the control system can monitor 
and adjust the necessary transducer gain for minimum 
access time. 

The servo system usually requires accurate analog 
voltages to be set through software control. This is 
easily accomplished with a duty cycle to current 
translator function on the ML4404. By controlling the 
duty cycle of a TIL line, a processor can set an analog 
voltage on the translator output. These translators are 
fully independent blocks which can be used anywhere 
in the control system. 

BLOCK DIAGRAM 

October 1990 
PRELIMINARY 

ML4404 

Trajectory Generator 

FEATURES 
• Flexible architecture allows a user defined 

trajectory function 
• Anticipate function compensates for phase delay 

caused by actuator inductance 
• Feed forward function improves system stability 
• Uncommitted PWM to current translators allow an 

analog voltage to be set with microprocessor 
control 

• Single +12V power supply 
• Compatible with Micro Linear's ML4401, ML4431 

Demodulator, ML4402, ML4406/07/08 Driver, and 
ML4403, ML4413 Controller 

TRAJoUT EAMP'N ANTICIPATE EAMPOUT vee GND 

5-78 

IV(.. 

RXB 
RY 

TRAJECTORY 
MULTIPLIER 
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ELATCHOUT 
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PIN CONNECTIONS 

PIN DESCRIPTION 
PIN# 

ML4404 NAME 

MSB 

2 LSB 

3 ISET 

4 TRAJIN 

5 ISUM 

6 RYVOS 

7 PWMOUTB 
8 PWMOUTA 
9 PWMINA 

10 PWMINB 

11 NC 
12 DIR 

ISUM 

RYvos 

PWMoUTB 

PWMoUTA 

PWMINA 

PWMINB 

NC 

ML4404 28-Pin PLCC 

ISET MSB VREF 
TRAhN I LSB I EAMPIN I EMEASouT 

4321282726 

12 13 14 15 16 17 18 

DlR I RSENSEA I RY I RXA 
VIOUT RSENSEB RXB 

TOP VIEW 

FUNCTION 

EAMPOUT 

GND 

Vee 

ANTICIPATE 

ELATCHOUT 

DECEL 

TRAloUT 

ML4404 

Pulse width modulated (PWM) DAC TIL input (active low). The DAC output 
current is the position input to the trajectory generator. The MSBI LSB ratio is 81 
1. The duty cycle of these two TIL inputs are controlled by a processor to form 
an 8-bit PWM DAC. The 3 higher order bits are modulated into the MSB. 
Pulse width modulated (PWM) DAC TIL input (active low). The 5 lower order 
bits are modulated into the LSB input. 
A resistor (RSET) from this pin to VREF sets the internal bias levels. IBIAS = 3V I RSET. 
The nominal value should be between 0.25 and 0.5 mAo 
The trajectory generator input. This node is connected through an external filter 
to the sum of the PWM DAC output and the multiplier output. 
The trajectory DAC output which is summed with the multiplier output feed­
back. An external RC filter network from this pin to TRAJIN smooths out PWM 
DACripple. 
Nulls out the offset of the trajectory curve at the origin. A resistor equal to RY is 
connected from thiS pin to VREF. This pin is available only on the ML4404. 
PWM to current translator output. -
PWM to current translator output. 
TIL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 
TIL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 
No Connection. 
TIL direction input from the processor. Controls the polarity of the V II converter 
output. 
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PIN DESCRIPTION (Continued) 

PIN# 

ML4404 NAME 

13 VIOUT 

14 RSENSEA 

15 RSENSEB 

16 RY 

17 RXB 

18 RXA 

19 TRAJoUT 

20 DECEL 

21 ELAlCHoUT 

22 ANTICIPATE 

23 Vee 
24 GND 
25 EAMPOUT 

26 EMEASoUT 

27 VREF 

28 EAMPIN 

5-80 

FUNCTION 

The V / I converter output. This circuit block monitors the differential voltage 
across the sense resistors of an actuator driver (such as the ML4402) and con­
verts it to a bidirectional current whose scale factor is set by two external resis­
tors. This current can be used to compensate for a noise reducing low pass filter 
in the output of the velocity transducer so that there is no net phase shift in the 
velocity signal. 
A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 
A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 
A resistor (RY) is connected from this pin to VREF. RY and RX set the second or­
der term of the trajectory CUNeo 
A resistor (RX) is con nected between RXA AN D RXB to set the second order term 
in the trajectory CUNeo 
A resistor (RX) is connected between RXA and RXB to set the second order term 
in the trajectory CUNeo An additional resistor (RK3) can be connected from RXA 
to either the trajectory output (TRAJoUT) or to VREF to set the third order term. 
The trajectory output. This voltage relative to VREF is proportional to the desired 
velocity. A resistor and capacitor from this pin to TRAliN sets the first order term 
and the loop compensation. 
Decelerate mode TIL input from the seNO controller (such as the ML4403). 
When low (during accelerate) the anticipate output becomes a voltage follower, 
the error measure output is a high impedance, and the error sign is latched. 
When high (during deceleration) anticipate goes to high impedance, error mea­
sure integrates the velocity error, and the error sign latch is transparent. 
The latched sign of the access loop error during deceleration. This TIL output 
can be used by the processor to adjust the velocity transducer gain to match that 
required by the mechanical system. 
Modifies the trajectory CUNe during acceleration and the accelerate to deceler­
ate transition. This accounts for the time delay error caused by the actuator in­
ductance. 
+12V power supply. 
Ground. 
Error amplifier output. The positive trajectory output (desired velocity) is 
summed with the negative velocity input (actual velocity) to form a difference 
output. The velocity input comes from the seNO controller (such as the 
ML4403). 
Error measu re output. This output averages the value of the access loop error 
during deceleration. 
The analog zero reference point. This pin is intended to be driven with the 
ML4401 VREF output. The ML4404 has an internal5V reference connected 
through a current limiting resistor to this pin so that standalone operation / 
evaluation is available. 
Error amplifier input. The INPUT summing node for the trajectory and velocity 
signals. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, Vcc ........................... 14 V 
VREI' RSENSEA' RSENSEB ....................... -0.3 to +7V 
TILinputs, IBIAS, ELATCHOUT .................. -0.3 to +7V 
PWMOUTA' PWMoUTB, PWMOU1C ........ - 0.3 to V cc +0.3 V 
Anticipate, VIOUT' EAMPoUT ............. -0.3 to Vcc +O.3V 
EAMPIN, TRAJIN ....................... -O.3toVcc +O.3V 
ISUM ...•........................... VREF -ltoVREF +IV 
TRAJoUT' RXA, RXB, RY, RYvos .......... VREF -ltoVcc +O.3V 
Storage Temperature Range ................ -65°C to +150°C 
Junction Temperature (TJ) •..•....•.....•.......... + 125°C 
Lead Temperature (Soldering, 10sec) ..•............... 260°C 

ELECTRICAL CHARACTE RISTICS 

Ml4404 

OPERATING CONDITIONS 
(See Figure 7) 

Temperature Range .......................... O°C to 70°C 
Supply Voltage (V cel .......................... 12 V ± 10% 
~IT·································.··········UK 
RKI ............................................ 110K 
RY ...................................•.......... 3K 
RYvos ........................................... 3K 
RX ............................................. 6.8K 
RK3 ....................................... 12KtoVREF 
CCOMP ........................................ 56pF 
CFl ........................................ O.OO22"F 
CF2 ........................................... Open 
RF .............................................. 10K 
RLOAD ..................................... 20K to VREF 

The following specifications apply over the recommended operating conditions of Vee -10.8 to 13.2\1; VREF - 5 \I; TA=O to 70°(, 
RFlLT-10K, RY = RYvos-3 K, RK1-l00K, RX=6.8K, RSET=6.2 Kand RK3= 12K to VREF unless otherwise specified. (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

DC CHARACTERISTICS 
ICC I Power Supply Current 23 35 mA 

DIGITAL INPUT IOUTPUT CHARACTERISTICS 

(Inputs PWMINA, B, C MSB LSB DIR) , , , 
VIH Logic High Voltage 2.0 V 

IIH Logic High Current VIH -2.4V -40 10 40 JlA 
VIL Logic Low Voltage ' 0.8 V 

IlL Logic Low Current VIL -O.4V -40 1 40 JlA 
Inputs (DECEL) 

VIH Logic High Voltage 2.0 V 

IIH Logic High Current VIH =2.4V -250 5 40 JlA 
VIL Logic Low Voltage 0.8 V 

IlL Logic Low Current VIL -O.4V -1600 -850 0 JlA 
Outputs (ELATCHoUT) 

VOL Output Low Voltage IOL =1.6mA V 

VOH Output High Voltage V 

Trajectory Amplifier (See Note 3) 

IB Input Bias Current 0 7 20 nA 

Av Open Loop Gain 75k VIV 

BW Unity Gain Bandwidth 1 MHz 

PHIM Phase Margin 75 DEG 

~Iocity Error Amplifier 

Vas I nput Offset Voltage -10 10 mV 

IB Input Bias Current 0 50 300 nA 

Av Open Loop Gain 120k VIV 

ISOURCE Source Current 4 8 rnA 

ISINK Sink Current 1 2 rnA 

BW Unity Gain Bandwidth 1 MHz 

PHIM Phase Margin 75 DEC 

VOUT Output Voltage Range 0.5 Vcc -3 V 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc .. 10.8 to 13.2V, VREF = Sv, 
T A = 0 to 70°C, RFllT .. 10K, RY = RYvos = 3K, RK1 = 100K, RX = 6.8K, RSET = 6.2K and RK3 = 12K to VREF 
unless otherwise specified. (See Note 1) 

SYMBOL I PARAMmR CONDITIONS 

Biasing 

VIS ISET Voltage 

PWM to Current li'anslators 

ICHARGE/Ism IOIS/lSET PWMOUT = 5.0V 

ICHARGE/lDiS PWMOUT = 5.0V 

VOUT Output Voltage Range 

li'ansconductance Amps 

Vas Input Offset Voltage 

gm Transconductance 

IOUTMAX Max Output Current 

IB Input Bias Current 

Latch/Comparator 

IB Input Bias Current 

Vos Input Offset Voltage 

Av Open Loop Gain 

tod Propagation Delay CL = 10pF, RL = 2K to V REF 

V/I Amp 

los/ISENSE Sense Current Offset ISENSEA = ISENSEB 
*100 O.1mA < ISENSE < 1mA 

VIOUT .. 5V 

VSMAX Max RSENSE Voltage 

VOUT Output Range 

Trajectory DAC 

IMSB/ISET MSB Current 

IMSB/ILSB MSB to LSB Ratio 

Trajectory MWtiplier (Note 4) 

VOS VOUT - VREF at Origin VOUT at ISUM = 0 

VTRACK1 : VTRACK32 (VOUT at ilsB/32)/(VOUT at ILSB) 

VTRACK2 : VTRACK32 (VOUT at ILSBI16)1(VOUT at ILSB) 

VTRACK4 : VTRACK32 (VOUT at ILSB/8)/(VOUT at ILSB) 

VTRACK8 : VTRACK32 (VOUT at ILSB/4)/(VOUT at ILSB) 

VTRACK16 : VTRACK32 (VOUT at ILSB/2)/(VOUT at ILSB) 

VLSB VTRACK32 VOUT at ISUM = ILS8 

VCROSS Crossover Error (V OUT at ISUM = ILS8) -
(VOUT at ISUM = IMS8/8) 

VTRACK32 : VTRACK256 (VOUT at IMs8/8)/(VOUT at IMS8) 

VTRACK64 : VTRACK256 (VOUT at IMS8/4)/(VOUT at IMS8) 

VTRACK128 : VTRACK256 (VOUT at IMS8/2)/(VOUT at IMS8) 

VTRACK192 : VTRACK256 (VOUT at IMSB * 3/4)1(VOUT at IMS8) 

VMS8 VTRACK256 VOUT at ISUM - IMS8 
(Ful' Scale + 1) 

PSRR Supply Rejection at Origin 
at Full Scale 

MIN 

2.00 

0.910 

1.5 

-10 

0 

-10 

-2 

0.5 

1.5 

-5 

0.090 

0.165 

0.270 

0.430 

0.660 

0.935 

-25 

0.305 

0.450 

0.670 

0.840 

3.070 

lYP 
NOTE 2 

2.02 

0.98 

0.99 

1700 

90 

4.5 

2 

15k 

60 

0 

0.64 

0.2 
2 

MAX UNITS 

2.06 V 

mNmA 

1.10 mNmA 

9 V 

10 mV 

IIMhos 

pA 

IIA 

10 pA 

10 mV 

VN 

ns 

2 % 

V 

9 V 

mNmA 

mNmA 

5 mV 

0.140 mY/mY 

0.205 mY/mY 

0.320 mY/mY 

0.470 mY/mY 

0.695 mVlmV 

1.035 V 

+10 mV 

0.325 mY/mY 

0.470 mVlmV 

0.685 mY/mY 

0.860 mVlmV 

3.225 V 

mVN 
mVN 

Note 1: O·C to +70·C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 2S·C 
Note 3: Minimum recommended load resistor is 10kO from the trajectory output to V REF' 
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FUNCTIONAL DESCRIPTION 
Power Supply and Reference Requirements 
The ML4404 operates from a single 12V power supply. 
In addition, a S.OV reference is required at pin VREF 
which is available from the ML4401, ML4431. VREF 
serves as a system reference or "analog ground". 

Biasing 
All of the critical internal biasing on the ML4404 is set 
as a function of an external resistor, RSET. An internal 
feed-back loop forces the voltage on ISET (pin 3) to be 
2.0V. RSET is connected from this pin to VREF (5.0V) and 
the resulting current is used in the multiplier and duty 
cycle-to-current translators. 

IBIAS - (VREF - 2)1 RSET- 3 V I RSET 

The nominal value of IBIAS should be between 0.25 and 
0.50mA. 

Trajectory Multiplier! Amplifier 
The Trajectory Multiplierl Amplifier generates the optimal 
velocity output from the position-to-go input. The optimal 
velocity is the TRAJoUT voltage relative to VREf' The input 
position is set by the duty cycle of the MSB and LSB-inputs. 

During an access operation, the actuator is first driven to 
maximum acceleration, and then into braking or decelera­
tion. To minimize access times the trajectory curve (velocity 
vs position) during deceleration must be accurately con­
trolled so that the head stops exactly on the desired track 
(without overshooting or undershooting). The head is driven 
to maximum acceleration until this braking curve is reached. 
Then the velocity is controlled to follow this optimal trajec­
tory during deceleration. 

According to the theory for a second order system, time 
optimal access is achieved if the position is proportional to 
the square of velocity (P- KV2, or V - KP'Iz). However, in the 
real system environment, this theory needs modification in 
two important areas. First, as shown in Figure 1, the slope of 
the trajectory at the origin (final position) is infinite for a pure 
square root function. This infinite slope would result in an 
infinite bandwidth servo loop. As a result, a first order linear 
term needs to be included which will reduce the slope of this 
curve near the origin. Second, at large velocity, the square 
root function is not quite optimal, due to non-zero actuator 
inductance. A higher order term to modify the curve in this 
region needs to be included. 

This trajectory curve, with its first, second, and third order 
terms is implemented with a multiplier in the feedback loop 
of an opamp (see Figure 2). The position input is a current 
which is a fraction of IBIAS, as discussed in the trajectory OAC 
section below. The first order term is implemented with a 
feedback resistor (RK1) directly in the feedback path of the op 
amp. This transfer function of this I IV converter is expressed 
by VOUT- RK1 * liN. The second orderterm comes from the 
multiplier. 

IIN-(VOUT2 /(2.25IBIAS * RX * RY)) 

With both terms together, 

VOUT + VOUT2 
IN - RK1 -2-.2-5-'-I""BI""A-'-S -'-R-X-' RY 

ML4404 

The first order term dominates near the origin, and the sec­
ond order term dominates, at higher velocities. 
The multiplier is modified by the addition of a resistor (RK3) 
which results in the third order term. This resistor is con­
nected from RXA (pin 18) to either TRAJoUT or VREF. As 
shown in Figure 3, the shape of the trajectory curve for large 
velocities can be adjusted in either direction from nominal, 
depending on which pins RK3 is connected between. It 
should be noted that the above equations are only approxi­
mate. The actual multiplier transfer function is not a pure 
second order function, even with RK3 unconnected. The 
multiplier is designed to approximate the required trajectory 
for most typical servo systems. For most applications, very 
little correction with RK3 will be required. On the ML4404, 
an additional resistor (RYvos) equal to RY can be included 
which nulls the offset of the curve near the origin. 

Since the resistors RSET, RK1, RX, RY, RK3, and RYvos are all 
external, any desired trajectory can be set. The constraints on 
these val ues are as offollows: 

VOUTMAX<1.5 • RX • IBIAS 
VOUTMAX>l.5 • RY • IBIAS 
VOUTMAX<3.5V 
6k<RsET<12 k for VREF-5V 
RFILT < RK1 I 10 
RFILT • CFlLT2 < RK1 * CCOMP 
RLOAD>10k to VREF 

VOUTMAX is the maximum trajectory output voltage (relative 
to VREF). 

Trajectory DAC 
The trajectory OAC creates, a position input for the trajectory 
multiplier. The position input is controlled by the duty cycle 
of the TTL inputs MSB and LSB. For most applications the 
position information will be digitally encoded to 8-bit 
resolution - each code representing one track. Therefore, the 
full scale input of the trajectory curve is 255 tracks. The input 
current corresponding to this full stale is IBIAS. 

Since the duty cycle of a single line is difficult to control to 
0.4% (1 I 256), the duty cycle to input current translator sec­
tion is divided into 2 signals (MSB and LSB). As shown in 
Figure 4, the ratio between these two currents is 811. The 5 
lower order bits of code are modulated into the LSB input, 
and the 3 higher order bits into the MSB input. For example, 
a position input of 32 tracks would correspond to the MSB 
line always inactive, and the LSB line always active. 256 
tracks would be MSB always active, and the LSB always 
inactive. 1 track would be MSB always inactive, and LSB 1/32 
ofthe period active. 

In general for an 8-bit binary code 07 06 05 0403 02 01 
DO where 07 is the high order bit, the active duty cycle for 
the MSB input is 07 06 05/8 and the active duty cycle for 
the LSB input is 0403 D2 01 DO 132. For example 10100011 
(163 tracks) would be active 5/8 of a period on the MSB, and 
3 I 32 of a period on the LSB. 
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AC Considerations-Trajectory Ampl Multiplier 
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The AC response of the trajectory output is primarily con­
trolled by the external components CFILTl, CFlLT2, RFllT, RK1, 
and CCOMP Four parameters must be considered to deter­
mine the values of these components. 

First, the value of RKl is set based on the bandwidth of the 
servo loop. RKl sets the gain of the trajectory function at the 
origin. As the system bandwidth increases, more gain is re­
quired near the origin, and the value of RKl increases. 

Second, the exponential decay rate of the trajectory output 
during deceleration must be fast enough for the mechanical 
system to dominate the loop response. As the head ap­
proaches the target track, the mUltiplier (2nd and 3rd order 
terms) becomes less significant, and the first order term domi­
nates. In this region, the exponential decay is dominated by 
the RKl • CCOMP product. This product should be set at a 
frequency which is a few times higher than that of the Posi­
tion loop bandwidth, so that the overall phase margin is not 
significantly degraded. 

Third, the filter components should be set such that the rip­
ple from the trajectory DAC is minimized. Once the values 
for CCOMP and RKl have been set, then the values of the 
remaining components, CFllTl, CFlLT2, and RFllT, can be de­
termined. As the capacitance and resistance of these 
components increase the PWM ripple from the trajectory 
DAC is reduced. Due to the nonlinear nature of this circuit 
block, a mathematical analysis of the ripple is quite cumber­
some, so the values of these components are best chosen 

vee 

MSB 

Figure 2. 

ISUM 
TO MULTIPLIER 

Figure 4. 

lOGIC 
THRESHOLD 

empirically. The PWM ripple is dependent on RFllT, CFILTl, 
CFlLT2, as well as the duty cycle (50% duty cycle on the MSB 
will result in the largest ripple), and the frequency of modula­
tion (the ripple is proportional to the square of the period). 

Fourth, the RFll,CFlLT combination must be set such that the 
dynamic response of the trajectory output does not over­
shoot during deceleration. Ideally, the RC combination 
should be set such that the system is critically damped to a 
maximum deceleration input. 

Note that a tradeoff exists between the ripple amplitude and 
the transient response. Too large a value of RFlLrCFllT will 
cause an overshoot in the transient response, and a low rip­
ple level. Too small a value will provide acceptable transient 
response, but a large ripple amplitude. A range of values 
exists for most applications which results in acceptable per­
formance for both ripple and transient response. 

Anticipate 
The function of the anticipate block is to modify the trajec­
tory curve during acceleration. This compensates for the 
actuator inductance delay during the accelerate-to­
decelerate transition. 

At the start of a access operation, the actuator is driven into 
acceleration. The actuator velocity increases until either the 
maximum velocity is reached, or the trajectory deceleration 
curve is reached. As shown in Figure 5, if the trajectory curve 
is reached first, then the actuator needs to be driven into 
deceleration so that the trajectory curve can be followed. 
This accelerate-to:decelerate transition requires that the 
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current in the actuator be reversed. Since this cannot happen 
instantaneously (due to actuator inductance), a phase shift 
results. The actuator will then overshoot the desired trajec­
tory, and miss the target track. However, if the curve can be 
modified (see Figure 5) such that the accelerate-to-decelerate 
transition begins before the nominal trajectory is reached, 
this overshoot problem can be eliminated. This function is 
implemented with a switched transconductance amp. Dur­
ing acceleration (DECEL input low), the anticipate output 
becomes a voltage follower-the anticipate signal is identical 
to the TRAJoUT signal. An external resistor from anticipate to 
TRAJIN will modify the trajectory curve as required. During 
deceleration, the anticipate output becomes a high impe­
dance and the normal trajectory curve is followed. 

In addition to the external resistor, an external capacitor to 
VREF sets the anticipate decay time constant equal to the 
current reversal time for the actuator. 

Velocity Error Amplifier 
The function of this block is to subtract the desired velocity 
(from the trajectory output) with the actual velocity (from the 
servo controller) to create a velocity error output. This error 
output is multiplexed through the servo controller into the 
servo driver during access mode (see ML4403, ML4413 data 
sheet). 

Since the polarity of the velocity input from the ML4403, 
ML4413 is the opposite of the trajectory output polarity, the 
difference function is accomplished with a summing ampli­
fier, as shown in the application diagram. The summing resis­
tors and the feedback resistor are external. 

V!I Amp-Velocity Filter 
The function of this block is to create a low noise velocity 
input. The velocity error amp requires that a clean, noise-free 
velocity input be compared with the desired velocity (from 
the trajectory output) to create a velocity error signal. 

One way to create this velocity signal is to differentiate posi­
tion. However, the differentiated signal will be noisy, and this 
noise can excite the mechanical resonances in the system. 
Another way to create velocity is to integrate acceleration. 
This eliminates the noise problem, however, the integrator 
DC accuracy will be poor due to the drift. 

The ML4404 uses both of these techniques to achieve 
a low noise tachometer function which will operate at 
low frequencies noise from the mechanical resonances 
is attenuated by the RC filter. The filter output is then 
summed with a current proportional to acceleration. 

ML4404 

VELOCITY S + w, 
+ 

S+W2 3 . 5+Wi 

ACCELERATION + 

VELOCITY 

(FR6~ o-_"'2"'R.,--_--=<,::.:-._+-'INI~ 
DlFFERENTIATOR) 

RSB RSB 

1M ~ ACTUATOR MOTOR CU RRENT 

Figure 6. 

TO ERROR 
AMP SUMMING 
NODE 

The VII amp creates this current by monitoring the 
sense resistors in the bridge driver. The resu Iting 
transfer fu nction has both a pole and a zero, and can 
be expressed by: 

VOUT = R*(M*RSB!(KF*KT*RSA))*S + 1 

VIN R*C*S + 1 

Where KT = The velocity transducer gain (from differentiator) 

KF = Motor force constant 

M = Total moving mass 

The above equation is a first order approximation which 
assumes that the, frictional components of the system (such 
as windage) are negligible. If the pole and zero are set to 
identical frequencies, then an all pass function is achieved. To 
do this, first, set the pole (W = 1! RC) at a frequency much 
lower than the mechanical resonances. Then set the scaling 
resistors, RSA, such that: 

RSA= M*RSB! (KF*KT*C) 
Note that setting a lower corner frequency results in 
increased dependence on the actuator current being an 
accurate representation of true acceleration. Some frictional 
terms and bias forces (such as flex cable force), as well as 
variations in KF, will distort this relationship. The lower limit 
on this corner frequency will be determined by these non 
ideal effects. 

Error Averaging 
The velocity error output should ideally be Within a few milli­
volts of VREF (near zero error) through the deceleration re­
gion. However, due to manufacturing tolerances, this error 
will not be identical for each drive. The EMASoUT and ELAT­
CHOUT pins, allow this error to be nulled out for each indi­
vidual system. 

During deceleration (DECEL input high) a transconductance 
amplifier is. switched on (see Block Diagram) and the velocity 
error output is integrated through an external capacitor. This 
average velocity error is then compared with VREF and sent to 
ELATCHOUT (TIL output). 
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During acceleration (DECEL input low) the amplifier is 
switched off (high impedance output) and the external ca­
pacitor is discharged to VREF through an external resistor. In 
this condition, the TIL output, ELATCHoUT, is held in its 
previous state. Since the velocity error during acceleration is 
not of interest, the ELATCHoUT during acceleration is the sign 
of the average velocity error output at the end of the previous 
deceleration cycle. 

The processor can modify the velocity transducer gain 
based on the state of the ELATCHoUT signal. During a 
power-up sequence, this transducer gain can be 
iteratively adjusted through several seek operations 
until the velocity error is minimized. As described 
below, one of the PWM to current translators on the 
Ml4404 could be used to adjust this transducer gain. 

PWM To Current Translators 
The function of this block is to convert the duty cycle of a TIL 
input line to an analog output voltage. To optimize a complex 
servo control system, the manufacturing tolerances of some 
components must be accounted for. Traditionally, the manu­
facturing process included an expensive sequence of mea­
surement and adjustment to bring each individual unit within 
specification. A more cost effective solution is to perform 
these tasks through software control. 

RK3 
RKl RANT 

(COMP 

EAMPIN 

RlOAD 

The ML4404 implements this function with TTL to 
current translators. The external components RpWM 
and CPWM set the desi red characteristics. The 
operation of these translators can be expressed by: 

VO~ VREF+IBIAS * RpWM * (2 * DUTY CYClE/l00-l) 

Thus for a 50% duty cycle, the output voltage equals the 
reference voltage. The output voltage increases linearly with 
the input duty cycle. 

The external capacitor (CPWM) should be made sufficiently 
large to smooth out the PWM ripple. 

The ML4404 has two translators. These stand-alone 
converters can be used for any pu rpose, but their 
intended functions are: 

1. To set the AGC reference voltage on the Ml4401, 
ML4431 servo demodulator. 

2. To offset the position loop null location for data 
recovery (compensator inputs on the Ml4403, 
Ml4413 servo controller). 

3. To offset the access arrival point for the trajectory 
(lSUM node on the Ml4404). 
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ORDE RING INFORMATION 

TEMPERATURE 
PART NUMBER PACKAGE PIN COUNT RANGE 

Ml44D4YCQ PlCC 28 PINS DOC to +7DoC 
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'Micro Linear 
PRELIMINARY 

ML4406, ML4407 

Disk Voice Coil Servo Driver 

GENERAL DESCRIPTION 
The ML4406 is a voice coil power driver intended for 
use in Hard Disk servo systems. The ML4406 contains 
all power and control circuitry necessary to drive the 
voice coils of most 3.5" drives. In addition, power fail 
detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 AN and 1124 AN respectively, using a 10 sense 
resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive cicruit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop. 

The power fail detection circuit includes a precision 
2.5V bandgap reference with the option of either 

internally generated power-fail thresholds (ML4406) or 
open comparator inputs for adjustable thresholds 
(ML4407). 

The ML4406 is implemented using Micro Linear's 
bipolar array technology. This allows for easy customi­
zation of the IC for a user's specific application. 

FEATURES 
• SOOmA power output with 1.SV total forward drop 
• Low offsets, cross-over distortion and quiescent 

current 
• Pin-programmable transconductance settings 
• Retraction circuitry with programmable retract 

current, voltage limiting, and separate supply pin 
• On-chip precision power fail detect circuitry 
• Over-temperature protection with flag output 
• Logic input available for disabling outputs 

r----------------------------------------------------, 
I +5V 4.5k 6k I 
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PIN CONFIGURATION 

IIRET) SET 

HIGH/LOW 

GND 

V(RET) 

R (SENSE) 

Ml4406/ Ml4407 
20-Pin pee 

RETRACT 

+12V I POWERFAIL 
DISA8LE I I +5V 

5V COMP 

12V COMP 

REF 

CONTROL­

CONTROL+ 

PWR GND 8 I I I PWR GND 8 
OUTPUT+ OUTPUT-

PWR Vc 

PIN DESCRIPTION 
PIN NO. NAME FUNCTION PIN NO. NAME 

RETRACT A logic "0" input causes the 11 PWRVe 
main outputs to tri-state and 
the retraction circuit to 
activate. This input also 12 OUTPUT-

functions as a flag output and 
will go low in the event of an 13 PWR GND A 
over-temperature condition. 

2 +12V 12V power to the circuit and 14 eONTROL+ 
input to the power fail 
detection circuit. 15 CONTROL-

3 DISABLE A logic "1" turns off the main 
outputs. 16 REF 

4 I(RET) SET The retract current is equal to 
200 x the current which flows 
out of this pin. This pin is 17 12V COMP 
driven with a .7V source. 

5 HIGH/LOW A logic "1" sets the trans-
conductance gain to 1/4 while 
a logic "0" sets the gain to 
1124. Transconductance gain is 
voltage across RSENSE ..,. the 18 5V COMP 
input voltage. 

6 GND Analog Signal Ground. 

7 V(RET) Power supply for the retract 
circuit. 

8 R(SENSE) Current sensing resistor 
terminal. 19 +5V 

9 PWR GND B Ground Terminal for power 20 POWER FAIL 

amplifier. 

10 OUTPUT+ Output terminal for bridge 
amplifier. 

5-90 'Micro Linear 

FUNCTION 

Power supply for bridge 
amplifier. 

Output terminal for bridge 
amplifier. 

Ground Terminal for power 
amplifier. 

Positive input for current 
command. 

Negative input for current 
command. 

Reference input to the Power 
Fail comparator. Leave open to 
use internal 2.5V reference. 

Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 
to a resistor divider from 12V 
in the ML4406. 

Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 
to a resistor divider from 5V 
in the ML4406. 

5V power supply terminal. 

Open collector output drives 
low if pin 17 or pin 18 are 
below pin 16. Normally tied to 
pin 1. 



ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 11, 13, 7, 2) ...................... 14V 
Voltage Pins 19, 1B, 17, 16, 1, 3, 5 ............ -.3V to +7V 
Pins 14, 15 .................................... -.3 to +Vee 
Output Current ................................. ±750mA 
Retraction Current ................................. BOmA 
Retract Set Current (Pin 4) ........................... 3mA 
Junction Temperature .............................. 150"C 
Storage Temperature Range ............. -65"C to 150"C 
Lead Temperature (soldering 10 sec.) ............. 260"C 
Thermal Resistance (BjA) ......................... 60"C/W 

ELECTRICAL CHARACTERISTICS 

ML4406, ML4407 

OPERATING CONDITIONS 
Temperature Range ......................... O°C to 70°C 
Supply Voltage (PWR VC, +12V) ............. 12V ± 10% 

+5V (pin 19) .................................. 5V ± 10% 
V(RET) (Pin 7) ................................. 2.5V to 16V 

',Control + Voltage Range (Pin 15 = 5V) ...... OV to Vee 
Control - Voltage Range ........................ 4V to BV 

Absolute maximum ratmgs are those values beyond which the device 
could be permanently damaged. Absolute maximum ratings are 
stress ratings only and functional deVice operation IS not Implied. 

Unless otherwise specified, TA = Operating Temperature Range, Vee = 12Y, RSENSE = 10, ReOIL = 150, 
CONTROL- (pin 15) = 5Y, RSET (pin 4) = 1.2KO. 

PARAMETER CONDITIONS I MIN I TYP MAX I UNITS 

Amplifier 

Offset ±10 rnA 

Gain Pin 5 = 2V 238 250 263 mAN 

Pin 5 = 0.8V 39.6 41.7 43.8 mAN 

Bandwidth 100 KHz 

Sinking Saturation lOUT = 100mA .6 V 

lOUT = 300mA .8 

lOUT = 500mA 1.0 

Sourcing Saturation lOUT = 100mA 1.2 V 

lOUT = 300mA 1.3 

lOUT = 500mA 1.5 

Retraction Circuit 

I(RET)SET .75 V 

Turn On Time 300 ns 

Turn Off Time 2 ms 

I(RET) Current Pin 1 = O.BV 34 50 65 mA 

Power Fail Detection Circuit 

Reference Voltage 2.3 2.48 2.6 V 

Reference Source Impedance 2.25 kO 

Comparator Bias Current ML4407 only, Pin 20 high 50 250 nA 

Hysteresis Current Pin 20 low, ML4407 only 10 /lA 

Offset Voltage ML4407 only 10 mV 

12V Th reshold ML440b only 9.5 10 10.5 V 
Hysteresis ML4406 only 120 mV 

5V Threshold ML4406 only 4.40 4.575 4.75 V 
Hysteresis ML4406 only 30 mV 

Logic Inputs 

Voltage High (V,H) 2 1.4 V 

Voltage Low (VIL) 1.4 .8 V 

Current High (IIH) VIN = 5V ±10 /lA 

Current Low (IlL) Y'N = OV I Except Pin 1 -40 -10 /lA 

I Pin 1 Only -250 -160 /lA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vee = 12V, RSENSE = 10, RcOll = 150, 
CONTROl- (Pin 15) = 5V, RSET (Pin 4) = 1.2kO. 

PARAMETER 

Current Consumption 

Pin 19 ILOAD = 0 

Pin 7 IRET = 0 

Pin 2 + Pin 11 ILOAD = 0 

FUNCTIONAL DESCRIPTION 
POWER AMPLIFIER 

The Ml4406 power amplifier circuit is set up as a 
Howland current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 5 high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. The 
gain figure refers to the ratio of input voltage to the 
output voltage seen across RSENSE. For example, at a 1/4 
gain setting with V- input at 2.5 and the V+ input at 4.5V, 
+500mA would flow through the coil using a 10 sense 
resistor. Under the same conditions with pin 5 low, the 
current would be 83mA. The ability to change from low 
to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 

Rl 

PWRVC 
11 +12 

OUTPUT+ 

PWR GNDA 

Rl RISENSE) 

R3 

R3 

R3 

Figure 1. Power Amplifier Topology 

CONDITIONS MIN I TYP I MAX I UNITS 

1 2 mA 

1 2 mA 

10 15 mA 

The output stage (Figure 2) is designed to provide 
minimal saturation losses and employs a "composite 
PNP" for the sourcing drive and a saturable NPN to sink 
current. Sourcing saturation drop is typically .9V while 
sinking saturation drop is typically < O.4V, 
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Figure 2. Main Power Output Stage 
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Figure 3. Output Saturation Voltage vs. Output Current 
(Power Ve = 12V) 
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FUNCfIONAL DESCRIPTION (Continued) 
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Figure 4. Gain vs. Bandwidth 
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ML4406, ML4407 

Power Fail Detect 

The Ml4406 power fail detection circuit consists of a 
precision trimmed reference, resistor dividers, and an 
"or-function" comparator with hysteresis. The 10pA 
current sink on the comparator input lowers the 
comparator's positive input by 1SmV when the output 
of the comparator is high. This creates an effective 
hysteresis of 30mV at the SV input (on the Ml4406). 
The amount of hysteresis and threshold levels can be 
programmed by external resistor dividers on the 
Ml4407. The impedance of the external divider sets the 
amount of hysteresis while the division ratio sets the 
power fail threshold. The output at pin 20 is open­
collector and is normally tied to pin 1 which is 
internally pulled-up to Sv, 

Retract 

The retract circuit features a current sink which is 
programmed via external resistor from pin 4 to ground 
(RRET)' The output of the retract circuit is voltage 
limited to 1.4V, The current sink provides an 
acceleration limit during retract while the voltage 
limited source provides a velocity limit. Pin 1 (Retract 
Input) also serves as a flag to indicate an over­
temperature condition on the die. Pin 1 goes low in 
the event of over-temperature, which occurs when the 
die temperature exceeds a safe operating limit (about 
160"C). 

The retraction current is set by programming RRET 
where IRETRACT = 200 x 1.4/RRET. The retract circuit 
works down to 3V on VRETRACT (Pin 7) . 
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ML4406, ML4407 

APPLICATIONS 
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Figure 6. lYPical Application: ML4406 used with ML2341 8-bit DAC provides up to 12-bit effective resolution 

ORDERING INFORMATION 
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PART NUMBER 

ML4406CQ 
ML4407CQ 

TEMPERATURE 
RANGE 

DOC to +70°C 
O°C to +70°C 

'Micro Linear 

PACKAGE 

20-Pin MOLDED PCC 
20-Pin MOLDED PCC 
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ADVANCE INFORMATION 

ML4408 

Low Voltage Voice Coil Servo Driver 

GENERAL DESCRIPTION 
The ML4408 is a voice coil power driver intended for 
use in both High Performance SV and 12V Hard Disk 
servo systems. The ML4408 contains all control 
circuitry necessary to drive the voice coils of most 
small drives. To maximize compliance voltage, the 
ML4408 includes two 1-Amp NPN drivers and provides 
drivers for external PNP transistors. In addition, power 
fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the 
drive. 

The transconductance programmed by a logic input at 
1/4 AN and 1124 AN respectively, when using a 10 
sense resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. 
Retract is self-contained for 12V systems but allows the 
use of an external PNP for SV systems to allow 
retraction with as little as 1V of pack EMF from the 
spindle. 

BLOCK DIAGRAM 

The power fail detection circuit includes a precision 
1.SV bandgap reference and a power fail comparator. 

The ML4408 is implemented using Micro Linear's 
bipolar array technology. This allows for customization 
of the IC for a user's specific application. 

FEATURES 
• Low saturation voltage «1V at 1A) 
• No cross-over distortion with low quiescent 

current 
• Pin-programmable transconductance settings 
• Retraction circuitry with programmable retract 

voltage and separate power pin operates to 1V 
• On-chip precision power fail detect circuitry 
• Over-temperature protection with flag output 
• Operates from single +5V or +12, +5V supplies 

r = --------- ---- -- --------------1 
,------122 POWER FAIL I 

CONTROL+ '::' 
16r-----------------------4---~ 

17 f'C:..:Oe,.N;.:,TR:.:.;O:..:L_-________________ ---<~--~ 

DISABLE (PWR DOWN) 

'-----123 RETRi\CT 
3 HIGH/LOW 

'Micro Linear 

+5V OR +12V 

FROM 
r-------._--Ir-< SPINDlE 
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ML4408 

PIN CONFIGURATION 

ML4408 
24-Pin SOIC 

Vee 12V SENSE 

DISABLE (PWR DOWN) RETRACT 

HIGH/row POWER FAiL 

RETR OUT +5V 

RET SET 5V SENSE 

GND COMP 2 

R(SENSE) COMPI 

V(REll CONTROL-

SOURCE B CONTROL+ 

PWRGNDB PWRGNDA 

SINK B SINK A 

SOURCE A SINK A REF 

TOP VIEW 

PIN DESCRIPTION 
PIN *I NAME FUNCTION PIN *I NAME FUNCTION 

Vee Supply input to power amplifiers. 12 SOURCE A PNP Base drive output for non-

2 DISABLE A Logic "1" puts the IC into a low inverting power amplifier. 

(PWR DOWN) power state and disables the 13 SINK A REF Kelvin sensing point for power 
power amplifiers. amplifier. Connect to SINK A. 

3 HIGH/LOW A logic "1" sets the 14 SINK A Current sinking output for non-
transconductance gain to 1/4 inverting power amplifier. 
while a logic "0" sets the gain to Connects to voice coil (+) terminal. 
1/24. Transconductance gain is the 15 PWR GND A Power return pin for non-inverting 
VRSENSE + VeoNTRol· power amplifier. Normally used for 

4 RETR OUT Open collector output which pulls current sensing. 
low during retract. Used to drive 16 CONTROL+ Positive input for current 
external power transistor to command. 
source retract current to the coil 
and can provide a braking signal 17 CONTROl- Negative input for current 
to spindle. command. 

5 RET SET External set resistor to establish a , 18 CaMP 1 Pin for external compensation 
voltage-limit for the internal capacitor. 
retract driver. 19 CaMP 2 Pin for external compensation 

6 GND Analog Signal ground. capacitor. 

7 R(SENSE) Current sense resistor terminal. 20 5V SENSE Center node of a resistor divider 

8 V(RET) Supply pin for retract circuits. 
from +5V. 

9 SOURCE B PNP Base drive output for 
21 +5V Input for +5V for power fail 

detection and logic power supply. 
inverting power amplifier. 

22 POWER FAil Open Collector output drives low 
10 PWR GND B Power return pin for inverting for low voltage conditions. 

power amplifier. Normally used for 
current se[1sing. 23 RETRACT A logic "0" initiates retract. Also 

11 SINK B Current sinking output for " used as an open-collector over-

inverting power amplifier. 
temperature output flag. 

Connects to voice coil H terminal. 24 12V SENSE Input to the power fail 
comparator from a resistor divider 
from Vee. 
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ML441 0 

Sensorless Spindle Motor Controller 

GENERAL DESCRIPTION 
The ML4410 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4410 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4410 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4410. Braking and Power Fail are also 
included in the ML4410. 

Two different start-up sequencing (minimum start-up 
time or minimum reverse rotation at start up) 
algorithms are supported by the ML4410. Since the 
timing of the start-up sequencing is determined by the 

BLOCK DIAGRAM 
,---------
I Ml4410 
I 

RC 

VCO OUT 

RESET 

I(RAMP) 

ENA~lE E/A 

BRAKE 

lOGIC 
AND 

CONTROL 

- - - -1 

, - , L _____________ - ___ ..J 

micro, the system can be optimized for a wide range 
of motors and inertial loads. 

The ML4410 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 
• Back-EMF Commutation Provides Maximum Torque 

for Minimum "Spin_Up" Time for Spindle Motors 
• Accurate, Jitter-Free Phase Locked Motor Speed 

Feedback Output 
• Linear or PWM Motor Current Control 
• Easy Microcontroller Interface for Optimized Start­

Up Sequencing and Speed Control 
• Power Fail Detect Circuit with Delayed Braking 
• Drives External N-Channel FETs and PNP's or 

P-Channel FETs 

POWER 
DRIVERS 
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PIN CONFIGURATION 

PNP3 

CorA 6 

orA oUT 

orA IN 

Nl 

N2 

N3 

ML4410 
28-Pin pee 

PNP2 GND I(LlMITI 

Veo I PNPI II(CMD) I iiiiAKI 

4321282726 

lOP VIEW 

Vee 

PH3 

PH2 

PHI 

I(RAMP) 

RC 

+5V 

PIN DESCRIPTION 
PIN II NAME FUNCTION PIN II NAME 

1 GND Signal and Power Ground. 16 RESET 

2 PNP1 Drives the t:xternal PNP power 
transistor driving m,otor PH1. 

3 PNP2 Drives the external PNP power 17 PWR FAIL 

transistor driving motor PH2. 

4 Vee2 12V power and power for the 18 ENABLE EtA 

braking function. 

5 PNP3 Drives tile exterl)al PNP power 
transistor driving motor PH3. 19 +5V 

6 eOTA Compensation capacitor for 20 RC 

linear motor current,amplifier 21 ((RAMP) 
loop. 

7 OTA OUT Output of motor current error 
amplifier, normally connected to 22 PH1 
OTA IN or to external MOSFET 23 PH2 
gate. 

8 OTA IN Driving voltage for N1-N3. 
24 PH3 

Normally tied to OTA out 25 Vee 

9-11 N1, N2, N3 Drives the external N-channel 
MOSFETs for PH1, PH2, PH3. 26 BRAKE 

12 I(SENSE) Motor current sense input. 

13 Cos Timing capacitor for fixed off-
27 l(lIMIT) 

time PWM current control. 

14 Cveo Timing capacitor for veo. 28 I(CMD) 

15 VCO OUT Open Collector logic Output 
from VCO. 

5-98 'Micro Linear 

FUNCTION 

Input which holds the veo off 
and sets the ML4410 to the 
RESET condition. 

A "0" output indicates 5V or 12V 
is under-voltage. 

A "1" logic input enables the 
error amplifier and closes the 
back-EMF feedback loop. 

5V power supply input. 

VCO loop filter components. 

Current into this pin sets the 
initial acceleration rate of the 
VCO during start-up. 

Motor Terminal 1. 

Motor Terminal 2. 

Motor Terminal 3. 

12V power supply. Terminal 
which is sensed for power fail. 

A "0" activates the braking 
circuit. 

Sets the threshold for the PWM 
comparator. 

Current Command for Linear 
Ct-!rrent amplifier. 



ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (pins 4, 25) ............................... 14V 
Output Current (pins 2, 3, 5, 9, 10, 11) .............. ±150mA 
Logic Inputs (pins 16, 17, 18, 26) ................... -0.3 to 7V 
Junction Temperature ................................. 150°C 
Storage Temperature Range ................ -65°C to +150°C 

ELECTRICAL CHARACTERISTICS 

ML441 0 

Lead Temperature (Soldering 10 sec) ................... 150°C 
Thermal Resistance (lilA) ............................. 60°C/W 

OPERATING CONDITIONS 
Temperature Range ............................. O°C to +70°C 
Vcc Voltage +12V (pin 25) ........................ 12V ± 10% 

+5V (pin 19) ..................................... 5V ± 10% 
I(RAMP) Current (pin 21) .......................... 0 to 100tlA 
I Control Voltage Range (pins 27, 28) ............... OV to 7V 

Unless otherwise specified, TA = Operating Temperature Range, Vee = Vee2 = 12Y, RSENSE = 10, COTA = Cveo = .01pF, 
Cos = .02pF 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator (YCO) Section (Mode 1 or 2 unless otherwise specified) 

Frequency vs. VPIN 20 1V :S VplN 20 :S 10V 300 HzN 

Frequency Vvco = 6V 1200 1800 2400 Hz 

Vvco = .5V 70 140 210 Hz 

Reset Voltage at Cvco Mode = 0 125 250 mV 

Sampling Amplifier 

VRC Mode 0 125 250 mV 

IRC Mode 1, RRAMP = 39KO 70 100 130 tlA 

Mode 2;" VPH2 = 4V 30 50 70 tlA 

Mode 2A, VPH2 = 6V -15 2 +15 tlA 

Mode 2A, VpH2 = 8V -30 -50 -70 tJA 
Motor Current Control Section 

I(SENSE) Gain VPIN 27 = 5\1, ov :S VPIN 28 :S 2.5V TBD 5 TBD VN 

One Shot Off Time 12 25 33 tJS 

I(CMD) Transconductance Gain .19 mmho 

Power Fail Detection Circuit 

12V Threshold 9.1 9.8 10.5 V 

Hysteresis 150 mV 

5V Th reshold 3.8 4.25 4.5 V 

Hysteresis 70 mV 

Logic Inputs 

Voltage High (VIH) 2 V 

Voltage Low (VIL) .8 V 

Current High (lIH) VIN = 2.7V -10 1 10 tlA 

Current Low (IlL) VIN = O.4V -500 -350 -200 tlA 
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ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vee = Vee2 = 12Y, RSENSE = 10, COlA = Cveo = .00pF, 
Cos = .02pF 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Outpuls I(CMD) = l(lIMIT) = 2.5V 

IpNP Low 50 75 100 mA 

IpNP High Off State -100 100 fJA 

VN High VPIN 8 = 10V 9.7 10 10.3 V 

VN Low .2 .7 V 

Av Pin 8 to VN VPIN 8 = 6V .95 1 1.05 VIV 

LOGIC Low lOUT = O.5mA .4 V 

LOGIC lOUT High 5 fJA 

Supply Currenls (N and PNP Outputs Open) 

5V Current 

Vcc Current 

V CC2 Current 

FUNOIONAL DESCRIPTION 
The ML4410 provides closed-loop commutation for 3-
phase brush less motors. To accomplish this task, a VCO, 
Integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO 
to the back-EMF of the motor. The IC also contains 
circuitry to control motor current with either linear or 
constant off-time PWM modes. Braking and power fail 
detection functions are also provided on chip. The 
ML4410 is designed to drive external power transistors 
(N-channel MOSFET sinking transistors and PNP 
sourcing transistors) directly, and contains a special 
circuit to reduce PNP base currents when output 
current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 

START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). 

Two modes are possible for starting the motor. For the 
lowest possible starting time, the chip is held in the 
reset (mode R) state bv holding oin 16 low and 
providing full current to the motor (figure la). 

2 4 mA 

38 50 mA 

4 10 mA 

Pin Pin Pin I(LlMIT) 
Step 16 18 21 I (CMD) 

1 0 0 Fixed IMAX 

2 1 0 Fixed IMAX 

3 1 1 0 IMAX 

Figure la. Minimum Time Start-Up Sequence 

Step 1: The IC is held in reset (mode R) with full 
power applied to the windings (see figure 4). 
This aligns the rotor to a position which is 30° 
(electrical) before the center of the first 
commutation state. 

Step 2: A fixed current is input to pin 21 and appears 
as a current on pin 20, and will accelerate the 
motor at a fixed rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back-EMF loop can be closed by pulling 
pin 18 low. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, 
where N is the number of poles. For an 8 pole motor, 
45° reverse rotil.tion is possible. 

The second technique minimizes inital reverse rotation, 
at the expense of spin-up time. This technique (figure 
1 b) establishes a fixed low-frequency rotation on the 
motor and slowly ramps the current to the motor. 
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Step 1: Reset is held low briefly (lOps) to initialize the 
internal logic. 

Pin Pin Pin I(UMIn 
Step 16 18 21 I (CMD) 

1 0 0 X 0 

2 1 0 1 0 

3 1 0 0 RAMP to IMAX 

4 1 0 1 IMAX 

5 1 1 0 IMAX 

Figure lb. Minimum Reverse Rotation Start-Up Sequence 

Step 2: A low frequency rotational field is established 
with 0 current commanded. To establish the 
low frequency, inject a current (via a resistor 
connected to the microcontroller output port) 
into pin 21 and monitor the YCO OUT (pin 15) 
frequency. 

Step 3: When the desired frequency is reached, set the 
current into pin 21 to 0, and begin to ramp the 
motor current by slowly increasing the current 
command (pins 27 or 28). 

Step 4: After full current is reached, inject some current 
into pin 21 to increase the frequency. 

Step 5: The back-EMF feedback loop can then be 
closed when the motor speed is sufficient. 

Some small amount of reverse rotation is still possible 
with this starting method. 

27ll=(L::.:IM:::.:I1)~ ____ 4-_-I 

I(CMD) 
28:1-'--'-4----1-..., 

ML441 0 

SPEED CONTROL - CURRENT LOOP 

To facilitate speed control, the Ml4410 includes two 
current control loops - linear and PWM (figure 2). The 
linear control loop senses the motor current on the 
I(SENSE) terminal through RSENSE' An internal current 
sense amplifier's output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate to control 
current. 

The Ml4410 also includes a current mode constant off­
time PWM circuit. When motor current builds to the 
threshold set on I(UMIT) input (pin 27), a one-shot is 
fired whose timing is set by Cos. The current in the 
motor will be controlled by the lower of pin 27 and 
pin 28. 

The motor's source transistor drivers are open-collector 
NPN's with internal 50KO pull-up resistors, whose 
current is controlled according to the current 
demanded through the motor. To conserve power, the 
Ml4410 sets the current to PNP1, PNP2, and PNP3, 
proportional to the lower of pin 27 and pin 28. 

Drivers Nl through N3 are totem-pole outputs capable 
of sourcing and sinking lOrnA. Switching noise in the 
external MOSFETs can be reduced by adding resistance 
in series with the gates. 

BRAKING 

Applying a 0 on pin 26 activates the braking circuit. 
The brake circuit turns on PNPl through PNP3 and 
turns off NPNl through NPN3. 

OTA OUT 

I 

10 
MOlOR 

Figure 2. Current Control and Output Drive 
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BACK-EMF SENSING AND COMMUWOR 

The Ml4410 contains a patented back-EMF sensing 
circuit which samples the phase which is not energized 
to determine whether to increase or decrease the 
commutator (YCO) frequency. A late commutation 
causes the error amplifier to charge the integrator (RC) 
on pin 20, increasing the YCO input while early 
commutation causes pin 20 to discharge. C1 and R1 

provide the basic integration time constant for the 
motor/commutator phase lock loop while C2 is a noise 
filter. larger inertial loads will require larger values of 
R1 and C1. These values are best determined 
empirically. Analog speed control loops can use pin 20 
as a speed feedback voltage. 

OUTPUTS INPUT 
STATE N1 N2 N3 PNP1 PNP2 PNP3 SAMPLING 

R or 0 OFF ON OFF ON OFF ON N/A 

A OFF OFF ON ON OFF OFF PH2 

B OFF OFF ON OFF ON OFF PH1 

C ON OFF OFF OFF ON OFF PH3 

D ON OFF OFF OFF OFF ON PH2 

E OFF ON OFF OFF OFF ON PH1 

F OFF ON OFF ON OFF OFF PH3 

Figure 3. Commutation State Table 
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4.3V _________ _ 
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Figure 4. Start-Up liming and Mode Sequencing 
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APPLICATIONS 
Figure 8 shows a typical application of the ML4410 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would 
be generated by a microcontroller, Figure 9 shows a 
simple "one shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the YCO OUT frequency with a 
Microcontroller and adjusting I(CMD) via an analog 
output from the Micro (PWM DAC). 

Figure 7. Available PNP Drive Current vs I(CMD) Input 

2. Using analog circuitry for speed control (Figure 10). 

Q1, Q2, and Q3 are MJE210 or equivalent. Q4, Q5, and 
Q6 are IRFU010 or equivalent. Base resistors (100n) are 
included to reduce power dissipation in the IC during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation 
can be reduced by increasing the 470n gate resistors 
on Q4-Q6. 

+12V~~--~~----~------.-~------------------'---------------------~----~-, 

100 
02 

470 Q6 

+5 

0.5 

5K 
20K 

+12 5K 
1000pF 

L-------1---------~10 N2 

'------------+---------111 N3 
PWR FL 11lW2.2K L-____ ....... ______ .....l 

~~~~~~~~~rErN~E-~~ 
ENABLE ERROR AMP 
& (FROM MICRO) -=-

L-_~ POWER FAIL TO MICRO 

'---------"'& RESET (FROM MICRO) 

+5 I---"Nv------e-----------~ VCO OUT 
5K 

.011lF 

Figure 8. ML4410 Typical Application 
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+5V 

Rl 

Figure 9. Analog Start-Up Circuit 

ORDERING INFORMATION 

PART NUMBER 

Ml4410CQ 

5-104. 

TO ML4410 
PIN 16 

TO ML4410 
PIN 18 

Symbol 

A1 

Q1 

D1, D2 

TEMPERATURE 
RANGE 

R1 

R2 

R3 

+12V C3 

R5 
R4 

R6 >.-------1 

Value Symbol 

LM358 R4 

74HC14 R5 

1N4148 R6 

1MO C1 

1MO C2 

100KO C3 

Figure 10. Analog Speed Control 

PACKAGE 

28-Pin Molded PCC 

'Micro Linear 

Value 

100Kn 

50KO 

50KO 

3.3pF 

3.3pF 

.47pF 
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ML4415, ML4415R 
ML4416, ML4416R 

15 Channel Read /Write Circuit 

GENERAL DESCRIPTION FEATURES 
• Write current disable during power up 
• Enhanced write current stability 
• Designed for center-tapped ferrite heads 
• ML4415 provides 15 read/write channels 

The ML4415, ML4416 devices are bipolar monolithic 
read/write circuits designed for use with fixed disk 
ferrite center-tapped recording heads. They provide a 
low noise read path, write current control, and data 
protection circuitry for all channels. • ML4416 - easily multiplexed for larger systems 

• Includes write unsafe detection 
• TIL compatible control signals 

These multiplexed read/write data channels exhibit 
features not found' in similar read/write circuits such as 
improved write current stability and elimination of 
write current "glitches" during power up. 

• Programmable write current source 

The ML4416 has fourteen read/write data channels and 
a chip select pin. The chip select pin allows additional 
read/write circuits in the system by enabling or 
disabling a particular chip. The ML4415 has fifteen 
read/write data channels and no chip select pin. 

The ML4415R and ML4416R versions include on-chip 
damping resistors. 

BLOCK DIAGRAM 
Voo VccGND WUS 

! ~ l 

• +5Y, +12V power supplies 

Vcr 

,----1.._ HOX 
L..-______ ---j HOY 

R/W 

FDX O----r---~~_~_4----~~ 

FDYo-----4------~,~--1_------~~ 

MUIJIPLEXER 

~I~----~~T ____ ~ 

HSog~~~~ HSI 
HS2 
HS3 we 

@ Micro lmear 1990 

• ML4416 ONLY 
** ML4415 ONLY 

'" Micro Linear IS a registered trademark 
of Micro lmear Corporation 'Micro Linear 

HIX 
H1Y 
H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 
H8X 
H8Y 
H9X 
H9Y 
Hl0X 
HlOY 
HllX 
HllY 
H12X 
H12Y 
H13X 
H13Y 
H14X** 
H14Y** 
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PIN CONNECTIONS 

HSX 

HSY 

H6Y 

H7X 

H7Y 

H8Y 

H9X 

H9Y 

Hl0X 

ML4415CQ, ML4415RCQ 
44·Pin PCC 

H4X H3X H2X HIX . HOX 
H4Y I H3Y I H2Y I HIY I HOY I GNO 

6 S 4 3 2 1 44 43 42 41 40 

18 19 20 21 22 23 24 2S 26 27 28 

R/W 

wc 
ROY 

ROX 

HSO 

HS2 

HS3 

Vee 

WOI 

WUS 

Hl0Y I HllY I H12Y I HllY I H14Y I Voo 
HllX H12X HllX H14X Vcr 

lOP VIEW 

PIN DESCRIPTION 
NAME FUNCTION 

HSO-HS3 Head Select (14 heads for the Ml4416, 
and 15 heads for Ml4415). 

CS Chip Select (low level e~ables, Ml4416 
only) 

R/W Read/Write (high level select Read 
Mode) 

WUS Write Unsafe, open collector output 
(high level indicates an unsafe writing 
condition) 

WDI Write Data In (negative transition 
toggles head current direction) 

H6Y 

H7X 

H7Y 

HUX 

H8Y 

H9X 

H9Y 

Hl0X 

NAME 

HOX-H14X 

HOY-H14Y 

RDX, RDY 

WC 

VeT 

Vee 

VDD 
GND 

ML4416CQ, ML4416RCQ . 
44-Pin PCC . 

H4X H3X H2X HIX HOX 
H4Y I H3Y I H2Y H1Y I HOY I GNO 

6 S 4 3 2 1 44 43 42 41 40 

CS 
R/W 

WC 

ROY 

ROX 

HSO 

HSI 

HS2 

HS3 

Yee 

WDI 

28 

HllX H12X HllX 

lOP VIEW 

FUNCTION 

X head connections 

Y head connections 

X, Y Read Data (differential read signal out) 

Write Current (used to set the write 
current magnitude) 

Voltage Center Tap (center tap voltage 
source) 

+5 volts 

+12 volts 

Ground 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range Supply Voltage 
V DD1 ................................. -0.3 to 14Voc V DD1 ....................•..•....•........ 12V±10% 
VDD2 ................................. -0.3to14Voc Vcc ...................................... 5V±10% 
Vcc ................................... -0.3t06Voc Head Inductance 

Input Voltage Range 
Digital Inputs (CS, R/W, HS, WDI) ... -0.3 to Vcc +0.3VDC 
Head Ports ........................ -0.3 to VDD1 +O.3VDc 

LH .............................................. 5 to 15pH 
Damping Resistor (RD, ML4415R or ML4416R) .. 500 to 20000 
RCT Resistor (1/4 Watt) .................... . .. 120Q ± 5% 

Write Unsafe (WUS) ....................... -0.3 to 14VDC Wnte Current (lw) ............................ 10 to 40 mA 
WriteCurrent(lw) ................................ 60mA 
Output Current 

Read Data (RDX, ROY) ......................... -10 mA 
CenterTapCurrent(la) ........................ -6OmA 
Write Unsafe (WUS) ............................. 12 mA 

Storage Temperature ...................... -65°C to 150°C 
Junction Temperature (f)) ........•...••.•.••......• 135°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified VDD1-VDD2=12V ±1O%, Vcc=5V ±10"lo, Rcr-120Q ±5"1o, Iw=40mA, O°C<ii;TA<ii; 70°C 
(Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 
POWER SUPPLY 

Icc Vcc Supply Current Read or Idle Mode 31 35 mA 

Write Mode 26 30 mA 

IDD VDD Supply Current Read Mode 29 35 mA 

Write Mode 17+lw 20+lw mA 

Idle Mode 17 20 mA 

PD Power Dissipation Read Mode 550 655 mW 

Write Mode Iw =40 mA, 890 960 mW 
Ra=OQ 
Idle Mode 378 455 mW 

DIGITAL INPUTS (CS R/W. HS WDI) , , , 
VIH High Voltage 2 Voc 

VIL Low Voltage 0.8 Voc 

IIH High Current VIH=2.0V 100 lolA 
IlL Low Current VIL =0.8V -0.4 mA 

WUSOUTPUT 

VOL Output Low Voltage IOL = 8 mA (Safe) VDC 

IOH Output High Current VOH=5V (Unsafe) lolA 
CENTER TAP VOLTAGES 
Va Read Mode Read Mode Voc 

Va Write Mode Write Mode Voc 
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ELECTRICAL CHARACTERISTICS (Continued) . 
Unless otherwise specified Voo1 = 12V ± 10%, Vee = 5V ± 10%, Rcr = 1200 ± 5%, Iw = 35mA,lH = 10pH, 
Ro = 7500 (Ml4415, Ml4416), fDATA = 5MHz, CL (RDX, RDY):::; 20pF, ODC:::; TA:::; 70DC (Notes 2 and 3) 
(YIN is referenced to Vcr for Read Mode Characteristics). 

SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 
IHCW Head Current (per side) WrtteMode -200 0.15 200 ,..A 

0"Vcc " 3.7V 
0 .. VDD1 .. 8.7V 

IWR Write Current Range Iw=K/Rwc 10 40 rnA 

K Wrtte Current Constant 2.375 2.5 2.625 

VHD Differential Head Voltage SWing 7.0 10.2 VPK 

IHu Unselected Head Transient 2 mApK 
Current 

COD Differential Output Capacitance 8.8 15 pF 

RoD Differential Output ReSistance Ml4415, 4416 10k Q 

TJ = 25DC Ml4415R, 4416R 600 960 Q 

fWDI WDI Transition Frequency WUS=Low 250 490 kHz 

AI Iwc to Head Current Gain 0.99 mAlmA 

IL Unselected Head leakage Sum of X & Y Side leakage Current '85 ,..A 

READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN =lmVp.p@3OOkHz, 85 106 115 VIV 
RL (RDX, ROY) = 1 kQ 

DR Dynamic Range DC Input Voltage Ni) Where Gain Falls 10%, -3 ±7 +3 mV 
VIN -VI+O·5mVp.p@3OOkHz 

BW Bandwidth (-3dB) IZsl<5Q,VIN=lmVp.p 30 40 MHz 

elN Input Noise Voltage BW=15MHz, lH=O, RH-O 1.2 1.5 nVI VHz 
CIN Differential I nput Capacitance f-5MHz 14 20 pF 

RIN Differential Input Resistance f = 5MHz, TJ = 25°C Ml4415, 4416 2k 15K Q 

VIN = 6mVp_p Ml4415R, 4416R 460 860 Q 

IHCR Head Current (per side) Read or Idle Mode -200 200 ,..A 
0<Vcc<5.5V 
0<VDD1 .. 13.2V 

liN Input Bias Current (1 side) 8.5 45 ,..A 
CMRR Common-Mode Rejection Ratio VCM=Vcr+1oomVp.p@f=5MHz 50 77 dB 

PSRR Power Supply Rejection Ratio 1oomVp_p@5MHzonVDD1, VD02, orVcc 45 dB 

CS Channel Separation Unselected Channels: 45 57 dB 
VIN=100mVp.p@5MHz 
and Selected Chan nel: 
VIN=OmVp.p 

Vos Output Offset Voltage Read Mode -460 ±29 +460 mV 

Write or Idle Mode -20 ±1 +20 mV 
VOCM Common-Mode Output VoltagE Read Mode 4.5 5.5 6.5 .. V 

Write or Idle iIIIode 5.6 V 

RoUT Single-Ended Output Resistanc.e f=5MHz 30 Q 

IL leakage Current, RDX, ROY (RDX, ROY) - 6 V Write or Idle Mode -100 ±15 100 ,..A 

10 Output Current AC Coupled lDad, RDX to ROY ±2.1 ±2.7 mA ---
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDD1 = 12V ± 10%, Vcc = 5V ± 10%, ReT = 120n ± 5%, Iw = 35mA, lH = 10pH, 
RD = 750n (Ml4415, Ml4416), fDATA = 5MHz, O°C ::; TA::; 70°C (Notes 2 and 3) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

SWITCHING CHARACTERISTICS 

tRW RfW to Write Switching Delay To 90% of Write Current Output .105 1 I's 

tWR R/W to Read Switching Delay To 90% of 100m \I, 10MHz Read Signal .036 1 I'S 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of .165 1 I'S 
or l00mV, 10MHz Read Signal Envelope 
tlR 

tWI CS to Unselect Switching Delay To 90% Decay of l00m\l, lOMHz Read .084 1 I'S 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90% ofl00m\l, 10MHz Read Signal .045 1 I's 
Envelope 

tDl Safe to Unsafe Iw- 35mA 1.6 3.9 8 us 
Write Unsafe Delay 

tD2 Unsafe to Safe Iw=35mA .387 1 us 
Write Unsafe Delay 

tD3 Prop. Delay Head Current LH-O, RH=O From 50% points 23 25 ns 

Asymmetry Head Current WDI has 50% Duty Cycle and 1 nS Rise / Fall 0.9 2 ns 
Time 

Rise/Fall Head Current 10% and 90% Points 5 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Maximum junction temperature (TJl should not exceed 135°(, 

TIMING DIAGRAM 

WDI 

WUS 

HEAD 
CURRENT 

IX,IY 

Write Mode Timing Diagram 

--
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FUNalONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the ML4415/4416 functions as a 
read amplifier when in the Read mode, or as a write 
current switch wheh in the Write mode. Pins HSO, HS1 
and HS2 determine head selection while pin R/W 
controls the Read/Write mode. A detected "write­
unsafe" condition is indicated by pin WUS. 

READ MODE 
When the ML4415, 4416 is in the Read Mode, it 
operates as a low-noise differential amplifier on the 
selected channel. In Read mode the write data flip-flop 
is set and both the write unsafe detector and the write 
current source are deactivated. The center tap voltage 
is also lowered. Pins RDX and RDY provide differential 
emitter follower outputs which are in phase with the 
X and Y head input pins. 

Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making 
external write current gating unnecessary. 

WRITE MODE 
The ML4415, 4416 operates as a write-current switch 
when in the Write mode. Write current magnitude is 
determined by the following relationship: 

Iw = K/Rwc 

Where: K = Write Current Constant 

RWC = Resistance connected between pin WC 
and GND. 

The head current is toggled between the X and Y side 
of the selected head by a negative transition WDI 
(Write Data Input). When switching the ML4415, 4416 to 
write mode, the WDFF (Write Data Flip-Flop) is 
initialized to pass write current through the X-side of 
the head. 

The ML4415, 4416 exhibit enhanced write current 
stability, compared to similar read/write circuits, which 
reduces the problem of oscillation. This is a result of 
increased internal write current compensation. Also, 
write current "glitches" during power-up, common in 
similar read/write circuits, are eliminated with an 
exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector 
output that gives a logic high level for any of the 
following unsafe write conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear 
WUS after the fault condition is removed. 

The ML441 5, 4416 also offers a voltage fault detection 
circuit that prevents write current during power-loss or 
power-up. 

Table 1. 

HS3 HS2 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 1 

1 1 

1 1 

* Ml4415 only 
o = logic level low 
1 = logic Level High 
X = Don', Care 

Table 2. 

CS** 

0 

0 

1 

.. Ml4416 only 
o = logic level low 
1 = logic level High 
X = Don', Care 
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Head Select 

HS1 HSO HEAD 

0 0 HO 

0 1 H1 

1 0 H2 

1 1 H3 

0 0 H4 

0 1 H5 

1 0 H6 

1 1 H7 

0 0 HB 

0 1 H9 

1 0 H10 

1 1 H11 

0 0 H12 

0 1 H13 

1 0 H14* 

Mode Select 

R/W MODE 

0 Write 

1 Read 

X Idle 



ML4415, ML4415R, ML4416, ML4416R 

TYPICAL APPLICATION 

+5V +12V 

2K Ra(I) 

Vee VODl VOD2 

MICROPROCESSOR .-----<'---1 WUS 
AND R/W 

CONTROL LOGIC (5* 

'-------+/HSO 

'---------o..jHSI 

'--------~H~ 
L-----------;~HS3 

* ML4416 ONlY 

WRITE DATA INPUT -----. WDI 

ML4415 
ML4415R 
ML4416 

ML4416R 

• • • • • 

READ DATA OUTPUT 
RDX 

ROY 
HNXI-...... -+..., 

NOTES: 
1. RCT is optional and is used to limit internal power dissipation 

(Otherwise connect Vool to Voo2). 
RCT (1/2 Watt) = 120 (40/lw) ohms 
where Iw = Write Current, in RIA 

2. Ferrite head optional: used to suppress write current IM!I'Shoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. ROX and ROY load capacitance 20pF maximum. ROX and ROY 
output current must be limited to 10OpA. 

4. Damping resistors not required on ML4415R, 44161. 

GND HNY I-~_J 

we 

'Micro Linear 

(2) 

HO 

HI 

H2 

HN 

READIWRITE 
HEADS 
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ML4415, ML4415R, ML4416, ML4416R 

ORDERING INFORMATION 
PART NUMBER PACKAGE NUMBER OF CHANNELS 

Ml4415CQ 44-lead PCC 15 
Ml4415RCQ 44-lead PCC 15 

Ml4416CQ 44-lead PCC 14 with CS 
Ml4416RCQ 44-lead PCC 14 with CS 

THERMAL CHARACTERISTICS 
PIN COUNT PACKAGE 

44-lead PCC 60·C/W 
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"Micro Linear 
October 1990 
PRELIMINARY 

ML4417/ ML4427 

Zoned Bit Recording Circuit 

GENERAL DESCRIPTION 
The ML4417127 is a bipolar monolithic integrated 
circuit that simplifies the design of zoned bit recording 
systems in hard disk drives. It contains a VCO capable 
of operating at frequencies up to 95 MHz, a charge 
pump, and the active electronics required for a loop 
filter to form a variable rate data encoding and 
decoding system. 

The ML4417/27 also includes a code clock output and 
the dividers required for an interface clock output 
whose frequency is equal to the code clock output 
frequency divided by 1.5. This feature simplifies the use 
of RLL (1, 7) coding for improved storage density. 

In addition, the ML4417/27 includes two uncommitted 
ECL to TIL level translators to simplify interfacing with 
TIL· based systems. The ML4417127 is designed for 
operation from 12V and 5V supplies, but may be 
operated from a single 5V supply if desired. 

The ML4417 has TIL·compatible logic input levels on 
the charge pump, and the ML4427 has a charge pump 
control input, which, when driven by a CMOS tri·state 
output, eliminates one logic interface line to the 
circuit. 

BLOCK DIAGRAM 
Ve2 (S OR 12V) 

EClINl _1~S-I--_______ ---I 

EClIN2 -'.7-1-_______ ---1 

QIN2' 

QINI 

INC 

QPUMP 

DEC 

LQOPFUR (FINE, V3) .....2~ ____ *-I 

VREF .: 
Vo/2 

FEATURES 
• Wide VCO Range (3:1 Range to 95 MHz) 
• Allows RLL (1, 7) or (2, 7) Encoding 
• 50·16 (Narrow) Packaging 
• Coarse and Fine VCO Control Inputs 
• Two Uncommitted ECL to TIL Converters 
• 12Y, 5V or Single 5V Operation 

vee (SV) 

12 

1-______ -+9'-. TTLOUTI 

1-______ -+°::.... TTLOUT2 

rr------il-'- osap (ECU 

16 CODEClK (ECl) 

10 INTCLK (TTL) 

KF2 • 1 iVe2 > vee + 4V) 
KF2 • 2.S (Yo < vee + 2V) 

INTCAP (CQ<\RSE, V2) -=2t::=========!..-...,..,;f----o-:+-____ :;;r_---l 
14 13 11 

GND , CHARGE PUMP INPUT LOGIC LEVElS: 
ML4417 - TTL COMPATIBLE, ML4427 - CMOS TRI·STATE 

VC1 CAPA 
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PIN CONNECTIONS 

ML4417, ML4427 
SOIC-16 (Narrow) Package 

OSCTP 

INTCAP (CO<\RSE) 
LOOPFIl"R (FINE) 

VC2 (5 TO 12V) 

QIN2 

QINI 

ECLlN2 

moun 

TOP VIEW 

PIN DESCRIPTION 
PIN NO NAME 

OSCTP (ECL) 

2 INTCAP (COARSE) 

3 LOOPFLTR (FINE) 

4 VC2 

5 QIN2 

6 QIN1 

CODEClK (ECl) , 

ECLlNl 

VC1 

CAPA 

VCC (5V) 

GND 

INTClK (ITl) 

mDUTl 

FUNCTION 

Oscillator Test Point. An 
ECL output of the VCO 
that is useful for direct 
evaluation of the VCO 
output. 

The coarse input for the 
loop filter time constant 
setting. 

The fine input for loop 
filter time constant setting. 

Analog power supply 
input, nominal 5V or 12Y. 

Increment input on the 
charge pump. This input 
is TTL-compatible on the 
ML4417. On the Ml4427, 
it can be connected, 
along with pin 6, to a 
single CMOS tri-state 
output, eliminating one 
pin on the controlling 
gate array. (Active high) 

Decrement input on the 
charge pump. (Active low) 

PIN NO. 

15,7 

9,8 

10 

11 

12 

13 

14 

16 

ML4417, ML4427 
PDIP-16 Package 
(Prototypes Only) 

OSCTP 1 16 CODEClK (ECL) 

INTCAP (CO'.RSE) 2 

LOOPFIl"R (FINE) 3 

Va (5 TO 12V) 4 

ECLlN2 7 

TOP VIEW 

NAME FUNCTION 

ECLlN1,2 ECL inputs for ECL to 
TTL level translators. 

TTlOUT1,2 TTL outputs for ECl to 
TTL level translators. 

INTClK (TTl) Interface clock output. 
This output is a TTL 
output at one third of 
the VCO frequency. 

GND Ground. 

Vcc (5V) Logic power supply 
input, nominally 5Y. 

CAPA VCO capacitor 
connection. This 
capacitor determines the 
nominal VCO frequency. 

VC1 VC1 should be 
connected to a well-
regulated 5V ± 5% supply. 

CODEClK (ECL) The code clock output. 
This is an ECl output at 
half the VCO frequency. 
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ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage Range 

Vel ' .............................. -0.3 to Vee + .3 VDC 
Ve2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to 14 VDC 
Vee ...................................... -0.3 to 6 VDC 

Digital Inputs 
EClIN1, 2 ........................... -0.3 to Vee + 0.3V 
QIN1, 2 ............................. -0.3 to Vee + O.3V 

Analog Inputs 
lOOPFlTR, INTCAP ................ -0.3 to Va + O.3V 
CAPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to V C1 + O.3V 

Digital Outputs 
TIlOUT1, 2, OSCTp, 
CODEClK, INTClK ................ -0.3 to Vee + O.3V 

ELECTRICAL CHARACTERISTICS 

ML4417, ML4427 

TYPICAL OPERATING CONDITIONS 
Temperature Range ........................ O°C to +70°C 
Analog Supply Voltage (Ve2)* ................... 5 or 12V 
Digital Supply Voltage (Ved ........................... 5V 
Vel ...................................................... 5V 

• This supply voltage IS designed for 5V or 12V operation. This data 
sheet specifies the Ml4417/4427 for 12V operation. For 5V 
specification, please contact Micro linear. 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. (All voltages are referenced to GND.) 

Unless otherwise specified, Ve2 = 12V ± 10%, Vee = 5V ± 5%, Vel = 5V ± 5%, TA = 25°C. 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX I UNITS 

Power Supply 

Icc Vcc Supply Current(1) Pin 12 90.0 mA 

ICI VCI Supply Current Pin 14 11.0 mA 

IC2 VC2 Supply Current Pin 4 4.5 mA 

Digital Inputs 

VIH (ECl) High Voltage ECL Input Pin 15, Vcc = 5V 4.0 V 

Vil (ECl) low Voltage ECl Input Pin 15, Vcc = 5V 3.6 V 

IIH (ECl) High Current ECl Input Pin 15, Vcc = 5V 1250 pA 

III (ECl) low Current ECl Input Pin 15, Vcc = 5V 625 1000 pA 

Digital Outputs (ECl are Open Emitter) 

VOH (TIL) High Voltage TTL Output IOH = -O.4mA TTL OUTI,2, 3 3.75 V 

VOL (TIL) Low Voltage TTL Output IOL = 1.6mA Pins 8, 9, 10, VCC = 5V 0.50 V 

VOH (ECl) High Voltage ECL Output IOH = -4mA ECL Code ClK 4.05 4.22 4.30 V 

VOL (ECl) low Voltage ECL Output IOL = -4mA Pin 16, Vcc = 5V 2.80 3.22 3.55 V 

Voltage Controlled Oscillator (VCO) (Transfer Function Pin 2 to Pin 1 = 7.5MHz/Volt @ 10pF) 

fvco VCO Range COSC = 10pF Pin 14 to Pin 13 20-95 MHz 
(Pin 2 = W to l1V, Pin 3 = 6V) 
(Pin 14 = V cel 

Charge Pump 

IQ Charge Pump Current Pin 3 ±125 pA 

VQH Charge Pump Maximum Voltage Pin 3 VC2- W V 

VQl Charge Pump Minimum Voltage Pin 3 1.0 V 

INC, DEC Inputs 

VIH High Voltage Input Pin 6, Vcc = 5V 1.9 VCC V 

Vil Low Voltage Input Pin 6 0 0.8 V 

VIH High Voltage Input Pin 5 (Ml4417), Vee = 5V 1.9 Vee V 

Vil low Voltage Input Pin 5 (Ml4417) 0 0.8 V 

Note 1: This value includes current consumed in 1 KO terminating resistors from pins 1 and 16 to ground. 
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ML4417, ML4427 

ELECTRICAL CHARACfERISTICS (Continued) 
Unless otherwise specified, VC2 = 12V ± 10%, Vee = 5V ± 5%, Vel = 5V ± 5%, TA = 25°c' 

SYMBOL I PARAMffiR CONOITIONS MIN lYP MAX I UNITS 

INC, DEC Inputs (Continued) 

VIH High Voltage Input Pin 5 (Ml4427) see figure 2, Vee = 5V 4.2 5.0 V 

VIL low Voltage Input Pin 5 (Ml4427) see figure 2, Vee = 5V 0 3.1 V 

IIH High Current Input Pin 6, VIN = 1.9V -5.0 +1.0 pA 

IlL low Current Input Pin 6, VIN = OV -25 -1,9 pA 

IIH High Current Input Pin 5 (Ml4417), VIN = 5V +30 +200 pA 

IlL low Current Input Pin 5 (Ml4417), VIN = 0 - 0.9V -25 +40 pA 

IIH High Current Input Pin 5 (Ml4427), VIN = 5V +1.0 +20 pA 

IlL low Current Input Pin 5 (Ml4427), VIN = 3.1V -0.1 +7.0 pA 

ECl Input 2 (Pin 7) at 2SoC, SMHz < fiN < 3SMHz, 40% < Duty Cyde < 60% (If Unused, Pin 7 = Vee! 

VIH High Voltage Input Vee = 5V 3.0 4.2 5.1 V 

VIL low Voltage Input Vee = 5V 2.5 3.4 4.6 V 

VA Voltage Swing VIH - VII .. Vee = 5V .5 2.0 V 

liN Input Current DC Bias Value 35 pA 

Transconductance Amplifier 

VREFI Inverting Input of Amplifier VC2/2 V 

GM Transconductance 61 (Pin 2) -;- 6 V (Pin 3) 27.5 pmho 

ISAT limiting Value of Output Current Pin 2 ±120 pA 

Ve2 15 OR 12V) Vee 15V) 

4 12 

ECLlNl 15 1--------f9'-TIWUTI 

ECLlN2 
7 1--------f8'- TTLOUT2 

QIN2' 5 
INC 

QPUMP 

QINI 6 DEC 
1-<P-------I..:..1 - OSCTP IECI.) 

VfI]" 16 
CODECLK lEU) 

10 INTUK (TTL) 

KF2 = 1 IVa > Vee - 4V) 

• CHARGE PUMP INPUT LOGIC LEVELS: 
ML4417 - TTL COMPATIBLE, ML4427 - CMOS TRI·S'OOE 

""N~ 21 KF2 = 2.51Vcl < Vee - 2\1i I ~J 

~ ~--------------------~~14~~~~3t-------~1~11;----' 

+5VV Case GND 
Cl 

FIgUre 1. 'JYpicaI Passive Component Connections 
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5V 

Vee 

INC 

DEC 

Q PUMP 

ML4427 

Figure 2. 

ML4417,' ML4427 

The ML4427 version has an input on pin 5 that allows a 
single-line control interface on the charge pump. By 
connecting pins 5 and 6 together, the charge pump can 
be controlled from a single CMOS tri-state output as 
follows: HI = increment, La = decrement, tri-state = 
coast. The benefit is a savings of one output pin on a 
control gate array. A resistive termination to Vcd2 is 
required to establish the logic level during tri-state, as 
shown. 

TYPICAL PERFORMANCE CHARACTERISTICS 

veo 
-- (MHz) vs. VINT 

2 
VC2 = 5V 

(5V-Only Operation) 

veo 
-- (MHz) vs. VINT 

2 
VC2 = 12V 

lOll 
CONDITIONS: 

PIN 16 OUTPUT 

VCO FREQUENCY 50 

Ve2 - 5'1 VFIT - V~ SEE FIGURE I 

2 40 

(MHz) 30 

100 

20 

10 
o 

CONDITIONS: 

Cose -IOpF 

/ 

/ V/ 

,,// 
V ______ 

V,NT (VOIJS) 

PIN 16 OUTPUT 

VCO FREQUENCY 50 

Vo - 12'1 VFIT - V~ SEE FIGURE I 

2 40 Cose -I 

./ 

/ 
V /" 

/ 
(MHz) 30 

cose - 20pF 

Case·40pF 

./ 
Case - 20pF 

20 

~ V --- Cose - 40pF 

/ 
10 

o 
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ML4417, ML4427 

4417/4427 LOOP RESPONSE 

FREFo---~ 

Volts 
KFLTR - To Be Derived, Units - -­

Amp 

x 
fl.! 
T 

(R1 +_1 )_1 
SC1 SC2 

V1 = IQP • --1--'--1-=-
SR1C1 + 1 

IQP • -------'---=------
S(C1 + C2) (SR1 _C_1_C2_ + 1 ) 

C1 + C2 

5-120 

R1 +-+­
SC1 SC2 

'Micro Linear 

Vc Kvco 

Radian 
KFP = 2Tf-­

Hertz 

_ .12SmA Amp 

K,p - 2Tf Radian 

100% % 
Kvea = -- -- (Case = 10pF) 

2.5V Volt 

V 
K1 =.1 -

V 

V 
K2 = 1-

V 

Vc 

Amp 
GM = 27.5 '1~-­

Volt 



ML4417, ML4427 

-3 

OdB--~~----------+------+~----~~------r------------

Must define desired FREF, fo, Z2J P1, Z1; then can proceed with component value determination. 

If FOUT = 36 * 106, N = 50 (typical numbers), then FREF = 720 * 103 
Assume: fo = 1000Hz, Z2 = 250Hz, P1 = 3000Hz, Z1 = 45Hz 

1. Set Z1 with C3: 

1 1 
3.6 * 103 * C3 = --~ C3 = = .982 * 10-6 - 1tlF 

21TZ1 21T * 45 * 3.6 * 103 

2. Set -3 intercept frequency f3 with (C1 + C2): f3 = (Z1Z2fO)1/3 = (11.25 * 106)1/3 

720 • 103 
~ C1 + C2 = = .358 • 10-6 

(21T)3 * 11.25 • 106 * 10-6 • 720 * 106 

( C1C2 ) R1 ---
Z2 C1 + C2 C2 Z2 250 

3. Ratio - = --- -- C2 = (C1 + C2) - = .358 * 10-6 * -- = .0298 • 10-6 - .030tlF 
P1 R1C1 C1 + C2 P1 3000 

4. C1 = (C1 + C2) - C2 = .358 * 10-6 - .030 * 10-6 = .328 * 10-6 - .33tlF 

1 1 
5. Set Z2 with R1: R1C1 = -- - R1 = 6 = 1.929 * 103 - 1.91K 

21TZ2 21T * 250 • .33 * 10-

.~ Micro Linear 5-121 
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ML4417, ML4427 

ORDERING INFORMATION 

TEMPERATURE 
PART NUMBER PACKAGE PIN COUNT RANGE 

ML4417CP DIP-16 16 O°C to 70°C 
Ml4417C5 50-16 (Narrow) 16 O°C to 70°C 

ML4427CP DIP-16 16 O°C to 70°C 
ML4427C5 50-16 (Narrow) 16 O°C to 70°C 
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GENERAL DESCRIPTION 
The ML4431 provides all of the analog circuitry 
necessary for the demodulation of di-bit servo signal 
information in Winchester disk drives. It interfaces to 
the servo head preamp and provides quadrature 
position signal outputs for the servo controller 
circuitry. 

The ML4431 includes a high-performance 592-type 
input amplifier and differential AGC circuit. External 
logic is designed to meet the needs of the particular 
servo system utilizing the VCO and Charge Pump to 
create a PLL time base for Peak Detector gating. The 
SYNC output provides servo channel timing 
information for the logic. 

The ML4431 has an ECL-type VCO, with an internal 
ECL-to-TTL converter for simplified interfacing. 

The ML4431, when combined with the ML4402 Servo 
Driver, the ML4403, ML4413 Servo Controller and the 
ML4404 Trajectory Generator, provides a flexible 
closed-loop servo control system. 

BLOCK DIAGRAM 

12 VAGC 

11 PWM 

14 GAlN1 

15 INX 
16 INY 
17 GAIN2 

4 FIl"R 

5 +5V 

PKDECAY 

October 1990 
PRELIMINARY 

ML4431 

Servo Demodulator 

FEATURES 
• Combines all analog di-bit demodulation circuitry 
• Logic track-type SWitching can be used to minimize 

demodulator offset 
• Exponential AGC characteristics makes AGC settling 

independent of input step size 
• External loop compensation of analog blocks 
• External digital circuitry allows flexible pattern 

format 
• On-chip band gap voltage reference eliminates 

external referencing 
• Operates from 5V and 12V power supplies 
• Programmable Peak Detector Discharge Current 
• Digitally-controlled AGC set point 
• TTL output VCO 
• AGC Sense switchable to "POSA only" or both 

"POSA and POSB" 
• Compatible with Micro Linear's ML4403, ML4413 

Servo Controller, ML4402 Servo Driver and ML4404 
Trajectory Generator 

32 

cDC ~~~;-------l 
IV." : 

I I 
I 
I SYNC SEPARAlORi 

I I 
I I 
I SYNC 10 

FOUR PEAK DETECTORS I---+-....... --f 

6 VCOI 

7 vcop I I 

I 
HVCONI I 

L ________ :J 

27 23 24 25 26 19 20 21 22 
G1 G2 G3G4 C1 C2 C3 C4 
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ML4431 

PIN CONNECTIONS 

ML4431 32-Pin PCC 

FINC TP POSH 
FIJR I FDEC I CDC I POSA 

14 3 2 1 32 31 30 
VREF 

+12V 

PKDECAY 

VCON ML4431CQ GATE4 
PLCC-32 GATE3 

SYNC 10 GATE2 

PWM 11 GATEl 

VAGC CAP4 

CAGC 13 21 CAP3 

14 15 16 17 18 19 20 

I INX I GAIN2 I CAPl I 
GAINl INY AGCSW CAP2 

PIN DESCRIPTION 
PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION 

TP Composite test point, normally left 18 AGCSW Selects between "POSA only" or 
unconnected. "POSA and POSB" AGC sense 

2 FDEC Charge pump frequency operation. Logic "0" selects "POSA 

decrement input. only" operation. Logic "1" selects 

3 FINC Charge pump frequency 
"POSA and POSB" operation. 

increment input. 19 CAPl Peak detector 1 capacitor. 

4 FLTR PLL loop compensation terminal. 20 CAP2 Peak detector 2 capacitor. 

S +SV +SV supply. 21 CAP3 Peak detector 3 capacitor. 

6 VCOI VCO input. 22 CAP4 Peak detector 4 capacitor. 

7 VCOP VCO positive output, for 23 GATE1 Peak detector 1 gate input (TTL) 

capacitive feedback to VCOI. Logic "1" enabled, "0" disabled. 

8 VCON VCO negative output, drives 24 GATE2 Peak detector 2 gate input (TTL) 

resistive feedback to VCOI. Logic "1" enabled, "0" disabled. 

9 GND Ground. 25 GATE3 Peak detector 3 gate input (TTL) 

10 SYNC SYNC pulse output. 
Logic "1" enabled, "0" disabled. 

11 PWM PWM DAC input to adjust AGC 
26 GATE4 Peak detector 4 gate input (TTL) 

set point. 
Logic "1" enabled, "0" disabled. 

12 VAGC AGC gain reference voltage input. 
27 PKDECAY Sets peak detector discharge 

current. 
13 CAGC External capacitor to set AGC 28 +12V +12V supply. 

response. 

14 GAIN1 Input amplifier gain adjusting RC 
29 VREF Voltage reference output. 

terminal 1 30 POSA Position output A. 
POSA = Peak Detector 1 - Peak 

15 INX X input into input amplifier. Detector 2 
16 INY Y input into input amplifier. 31 POSB Position output B. 
17 GAIN2 Input amplifier gain adjusting RC POSA = Peak Detector 3 - Peak 

terminal 2. Detector 4 

32 CDC External capacitor terminal to set 
DC restore response. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Power Supply Voltage Range, Vcc ....................... 14V 
Input Voltages: 

GAIN1, GAIN2 .................................. -0.3 to BV 
CAGC .......................................... -0.3 to ZOV 
V AGO PWM, VCOI ............................ -0.3 to 5.3V 
CAP1, CAP2, CAP3, CAP4 ..................... -0.3 to 10V 
GATE1, GATE2, GATB, GATE4, VCOP .......... -0.3 to Z5V 
INX, INY, VCON, FINC, FDEC, CDO CAGO FLTR 
.. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. ... -0.3 to V cc +O.3V 

(lJA for PlCC-32 ................................. =60°C/Watt 
Storage Temperature Range ................ -65°C to +150°C 
Junction Temperature (TJMAJ() .......................... 150°C 
lead Temperature (Soldering, 10 sec) .................. 260°C 

ELECTRICAL CHARACTERISTICS 

Ml4431 

OPERATING CONDITIONS 
Temp~rature Range .............................. O°C to 70°C 
Supply Voltage V(+12Y) ......................... 12VDC ± 10% 
Supply Voltage V(+5Y) ........................... 5Voc ± 10% 
Input Coupling Capacitance (CI) ....................... O.01pF 
Input Amp Gain Capacitance (Cel ................... 0.047pF 
Input Amp Gain Resistance (Rc) ......................... 1 kO 
AGC Response Compensation Capacitance (CA) ...... O.01BpF 
Composite DC Restore Capacitance (CD) ............. O.Ol8pF 
Pll Compensation Components: 

CCP1 ................................................. O.lpF 
CCP2 .................................................. lpF 
Rcp .................................................. 9100 

VCO Components: 
Cy ................................................... 39pF 
Ry .................................................. 15000 
Rl ................................................... 6BOO 

Peak Detector Capacitance (CAPl thru CAP4) ......... 270pF 
On track Base-to-Peak Voltage at pin TP ............... 1.75V 
VGA Gain Control Voltage (at pin CAGcl ............... =2.4V 
RSET .................................................. 330m 

The following specifications apply over the recommended operating conditions of T A = O°C to 70°C, 
V(+12V) = 10.8 to 13.2\1, V(+5V) = 4.5 to 5.5\1, VVAGC = 4.0\1, and external components as recommended above, 
unless otherwise specified (See Note 1) 

SYMBOL I PARAMETER CONDITIONS MIN lYP MAX UNITS 

Power Supply 

Supply Current V+12 = 12V, V+5 = 5V rnA 

Supply Current V+12 = 12V, V+5 = 5V rnA 

TTL Inpuls FINC, FDEC, GATE1, GATE2, GATE3, GATE4, PWM, AGCSW 

VIH High level Input Voltage 2.0 V 

Vil low level Input Voltage O.B V 

IIH High level Input Current VIH = 2.4V -1 30 pA 

'll low level Input Current Vil = O.4V -20 1 pA 

SYNC Output 

VOl low level Output Voltage 10l = 1.6mA 0 0.35 0.5 V 

VTHR Positive going input threshold VREF +0.9 V 

VTHF Negative going input threshold VREF V 

tpD± Propagation Delay Rising, Falling Rl = 2k, Cl = 15pF 50 ns 

VCON Output 

High Level Output Voltage 10H = 50pA V 

VOl low level Output Voltage 10l = 1.6mA V 

VCO and Charge Pump Section 

ISlAS VCOI Input Bias Current 0 20 50 pA 

'CH,IDIS FlTR Charge and Discharge Current 330 450 590 pA 

'CH/'DIS FlTR Charge/Discharge Ratio 0.95 1.00 1.05 pA/pA 

IOFF FlTR OFF State Current FINC = 2.0, FDEC = O.B 0 25 50 nA 

FMAJ( MAX VCO Frequency to Maintain 20 MHz 
+ and - 5% Control Range (Note 3) 

VQH (FLTR) Charge Pump Maximum Voltage V(+12y)-lV V 

VQl (FLTR) Charge Pump Minimum Voltage 1.0 V 
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ML4431 

ELEORICALCHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of T A = O°C to 70°C, 
V(+12V) = 10.8 to 13.2V, V(+5V) = 4.5 to S.Sv, V AGC = 4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 

SYMBOL I PARAMETER CONDITIONS MIN lYP MAX 

VCO and Charge Pump Section (Continued) 

Fvco VCO Frequency Range (Note 3) TA = 25°C, Vcc = 12, 9.7 10.0 10.3 
VFlTR = 6V, Cv = 30pF, 
Ry = 3.74KO, see figure 1 

KyCO VCO Voltage to Frequency Factor 2 

Input AMP, AGC AMP, and DC Restore 

R'N INX, INY Differential Input Resistance 7 10 14 

IGAIN1,2 GAIN1, GAIN2 Bias Current 0.66 1.0 1.20 

R,NAGC V AGC Input Resistance 7 10 13 

GMAGC AGC Transconductance at CAGC 370 

RAGC Control Range of AGC loop to Regulate 711 
Composite Amplitude to within 2% 
of Nominal 

BW Bandwidth from INX, INY to Composite 10 15 
(Note 4) 

GMDCR DC Restore Transconductance 500 

Peak Detectors 

ICH Charge Current 

IDIS Discharge Current T A = 25°C, RSET = 330K 

Voltage Reference 

VREF Reference Voltage TA = 25°C 4.75 5.00 5.25 

TC Tempco 50 

ROUT load Regulation 2 

PSRR line Regulation 10 

ISINK Maximum SINK Current 0.8 

Output Amplifiers (POSA, POSB) 

Vas I n put Offset VCAP1-4 = 6V -10 0 10 

Ay Gain 1.15 1.20 1.25 

AYA/AYB Gain Tracking -3 0 +3 

VOUT Output Voltage Range 1.0 9.5 

IsRc Output Source Current 5 

ISNK Output Sink Current 2 

SR Slew Rate 2.5 

BW 3dB Gain Bandwidth 3 

UNITS 

MHz 

%IV 

kO 

mA 

kn 

pMHOS 

VIV 

MHz 

pMHOS 

mA 

flA 

V 

ppm/DC 

mV/mA 

mVIV 

mA 

mV 

VIV 

% 

V 

mA 

mA 

Vips 

MHz 

Note 1: DoC to 70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25°C. 
Note 3, This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 
APPLICATION HINTS 
Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 
1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin V AGC (approximately 4.7 volts). The composite signal should 

be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 
2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin CAGe) it should be approximately 0.9 volts. 

CAGC voltage will vary approximately ±0.5 volts over the AGC range. 

5-126 'Micro Linear 



FUNOIONAL DESCRIPTION 
INPUT AMPLIFIER 

The input amplifier is equivalent to a wide-band 592 
type video amplifier and provides amplification and 
buffering to the AGC circuitry. The Inputs INX and INY, 
which must be AC coupled, accept the composite 
analog signal from the servo head differential 
preamplifier. Internal input termination resistors 
eliminate the need for external bias resistors. 
Prefiltering of the signal is normally desired to eliminate 
unwanted components. External components RG and 
CG determine the input amplifier's low frequency cutoff 
and gain as follows: 

FC = 1 
27T(RG + 600)CG 

1700 
Av =----c­

RG + 600 

Where: CG = External series capacitance between pins 
GAIN1 and GAIN2 

Rc = External series resistance between pins 
GAIN1 and GAIN2 

AUTOMATIC GAIN CONTROL (AGO 

The purpose of the AGC loop is to maintain a constant 
peak output voltage level at outputs POSA and POSB. 
This peak level is established by the reference voltage 
applied to pin V AGC' 

Vp_p (Composite Position Pulses) = K1 x V AGC + K2 

Where: K1 = 0.65 
K2 = .13 * VREF 

In this closed-loop system, the peak detector output 
voltages are fed back and combined with the V AGC 
voltage to provide a gain control current. The current 
controls the variable gain amplifier (VGA) and is 
compensated at pin CAGC to provide control of AGC 
bandwidth. The bandwidth of the entire AGC loop is 
determined by: 

K VVAGC BW=---
27T CA 

Where: K = 2.8 x 10-4 
VVAGC = External reference voltage at pin V AGC 
CA = External capacitance at pin CAGC 

PWM CONTROL OF AGC SET POINT 

The PWM input (pin 10) accepts a variable duty-cycle 
input to control the AGC set point. The relationship 
between duty-cycle and set point is: 

100% duty-cycle ........ AGC set point is equal to VREF. 

0% duty-cycle ...... AGC set point equal to 0.6 x VREF. 

A filter capacitor from pin 11 to ground is required to 
filter the PWM signal. This capacitor should be 
sufficiently large relative to the 10KO nominal internal 
termination resistance at pin 11. 

The AGC set point may be set manually via direct 
voltage control of pin 12 if desired. Pin 11 should be 
grounded in this case. 

ML4431 

SWITCHING THE AGC SENSE RESISTORS 

The AGCSW input (pin 17) allows selection of the AGC 
sense. The choices are: 

AGCSW low ................... AGC senses pas A peak 
detector outputs only. 

AGCSW high ........... AGC senses pas A and pas B 
peak detector outputs. 

COMPOSITE AMPLIFIER 

The input amplifier and AGC circuit of the Ml4431 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
composite amplifier converts the differential signal into 
a buffered single-ended signal for the peak detector 
circuitry. The DC base line of the composite signal is 
equal to VREF. The bandwidth of the DC restore 
function is controlled by capacitor CD at pin CDC with 
the following relationship: 

1 
Where: gm = 2KO 

BW=~ 
27T CD 

CD = External capacitance at pin CDC 

The composite signal is available at pin TP and is 
normally left unconnected. For short circuit protection 
a 7500 resistor is connected in series with pin TP 
internally. 

SYNCHRONIZATION PULSE SEPARATOR 

The SYNC pulse separator is a threshold comparator 
with hysteresis which passes pulses from the composite 
amplifier above a set threshold. It provides a buffered 
TTL output. The SYNC output, when gated through an 
external one-shot, is used to control the external gate 
timing and Pll logic. 

PEAK DETEaOR 

The peak detector circuit captures the peak signal 
amplitUde of the di-bit pulses. The gates are controlled 
by inputs GATE1 through GATE4. Timing is established 
by the external logic circuitry. The external peak 
detector capacitors are connected from pins CAP1 
through CAP4 to ground. The peak detector discharge 
rate (set by CAP1-CAP4 and current out of PKDECAY) 
determines the maximum track crossing rate during an 
access operation. The peak detector outputs are fed 
into internal differential amplifiers that calculate the 
track error signals and provide buffered outputs POSA 
and POSB as follows: 

POSA = 1.20 (CAP1 - CAP2) + VREF 
POSB = 1.20 (CAP3 - CAP4) + VREF 
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PEAK DETEGOR DECAY RATE CONTROL 

The decay rate of the peak detector can be 
programmed by changing the external resistor RSET (pin 
26, see connection diagram). The decay rate is 
determined by the discharge current for the hold 
capacitors C1 - C4. The relationship between the 
discharge current and RSET is: 

VREF 
IDISCHARGE = -R 

SET 

VOITAGE CONTROLLED OSCILLATOR AND 
CHARGE PUMP 

The VCO and external phase compare logic provide a 
time base for peak detector gate synchronization. 
Inputs FINC and FDEC provide increment and 
decrement signals to the charge pump for changing the 
oscillator frequency. The FINC and FDEC inputs gate 
the charge pump for the duration of the pulse width. 
The RC timing network formed by Cv and Rv at pins 
VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Rv should be greater than 10000, Too low of a value 
will result in excessive power dissipation. RL should be 
about 6800. 

The VCO output should only be taken from pin VCON. 
Charge pump capacitor CCP1 is connected from pin 
FLTR to ground. Components Rcp and CCP2 are also 
connected in series from pin FLTR to ground to provide 
VCO loop compensation. 

INTERNAL VOITAGE REFERENCE 

VREF is an internal band-gap voltage reference. It is 
buffered and available at pin VREF and is used by the 
ML4402, ML4403, ML4404 and other chips requiring a 5 
volt reference. 

EXTERNAL LOGIC 

The external logic provided by the user typically has a 
complexity of about 150 to 300 equivalent gates. 
Complexity and architecture depends on the users di­
bit pattern and control function. 

Note: Stray capacitance should be considered in applying the above 
relationships when low capacitor values are used. Stray 
capacitance of the integrated circuit terminal is typically about 
2 to 3pF. 
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TYPICAL PERFORMANCE CHARAOERISTICS 
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10 
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Figure 1. ML4431 Connection Diagram 

AGC GAIN vs CAGe Voltage 
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ORDERING INFORMATION 

ORDERING NUMBER PACKAGE PIN COUNT TEMPERATURE RANGE 

Ml4431CQ PlCC-32 32 pins QOC to +7QoC 
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ADVANCE INFORMATION 

ML451 0 

5V Sensorless Spindle Motor Controller 

GENERAL DESCRIPTION 
The ML4510 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4510 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4410 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4510. Braking and Power Fail are also 
included in the ML4510. 

Since the timing of the start-up sequencing is 
determined by external circuitry, the system can be 
optimized for a wide range of motors and inertial 
loads. 

BLOCK DIAGRAM 

The ML4510 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 
• Back-EMF Commutation Provides Maximum Torque 

for Mihimum "Spin-Up" Time for Spindle Motors 
• Accurate, Jitter-Free Phase Locked Motor Speed 

Feedback Output 
• Operates on Single 5V Power Supply 
• Linear or PWM Motor Current Control 
• Easy Microcontroller Interface for Optimized Start­

Up Sequencing and Speed Control 
• Power Fail Detect Circuit 
• Drives External N-Channel FETs and PNP's or 

P-Channel FETs 

--------------------------
I ML4510 I 

RC 

VCOOUT 

RESET 

I(RAMP) LOGIC 
AND 

ENABLE EIA CONTROL 

iIRAKE 

POWER FAIL 
DETECT 

BACK 
EMF 

SAMPLER 

BASE 
AND 
GATE 

DRIVES 

VCC2 

PNPl-3 I 

~ - - - - - - - -- - - - - - - - - - - - --::: - - - - ---~ 

+5V 
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PIN CONFIGURATION 

ML451 0 
28-Pin pee 

VCC2 PNPI I(CMD) liRAKE 
I PNP2 I GND II(UMm I 

PNP3 VCC 

CorA PH3 

OfAOUT PH2 

OTAIN PHI 

Nl I(RAMP) 

N2 RC 

N3 NC 

12 13 14 15 16 17 18 

I(SENSE) I cvco I RESET I ENABLE EtA 

Cos VCO OUT PWR FAIL 

lOP VIEW 

PIN DESCRIPTION 
PIN # NAME FUNCTION PIN # NAME FUNCTION 

1 GND Signal and Power Ground. 16 RESET Input which holds the VCO off 

2 PNP1 Drives the external PNP power and sets the ML4410 to the 

transistor driving motor PH1. RESET condition. 

3 PNP2 Drives the external PNP power 17 PWR FAIL A "0" output indicates 5V is 

transistor driving motor PH2. under-voltage. 

4 VCC2 5V power. 18 ENABLE EtA A "1" logic input enables the 
error amplifier and closes the 

5 PNP3 Drives the external PNP power back-EMF feedback loop. 
transistor driving motor PH3. 

19 NC No Electrical Connection. 
6 COTA Compensation capacitor for 

20 RC VCO loop filter components. linear motor current amplifier 
loop. 21 I(RAMP) Current into this pin sets the 

7 OTA OUT Output of motor current error initial acceleration rate of the 

amplifier, normally connected to VCO during start-up. 

OTA IN or to external MOSFET 22 PH1 Motor Terminal 1. 
gate. 23 PH2 Motor Terminal 2. 

8 OTAIN Driving voltage for N1-N3. 24 PH3 Motor Terminal 3. 
Normally tied to OTA OUT. 

25 VCC 5V power supply. Terminal which 
9-11 N1, N2, N3 Drives the external N-channel is sensed for power fail. 

MOSFETs for PH1, PH2, PH3. 
26 BRAKE A "0" activates the braking 

12 I(SENSE) Motor current sense input. circuit. 
13 Cos Timing capacitor for fixed off- 27 l(lIMIT) Sets the threshold for the PWM 

time PWM current control. comparator. 
14 Cveo Timing capacitor for VCO. 28 I(CMD) Current Command for linear 
15 VCO OUT Logic output from VCO. Current amplifier. 
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GENERAL DESCRIPTION 
The Ml4568 is a hard disk pulse detector with two 
gated peak detectors to demodulate. em?edded servo 
information. The pulse detector section mcludes a 
wide bandwidth differential amplifier with automatic 
gain control (AGC), a precision full wave rectifier, time 
channel and gate channel. The embedded servo peak 
detector section includes a full-wave rectifier, two 
gated peak detectors, buffered peak detector outputs: 
and a difference output. A 2.25V bandgap reference IS 

also included on-chip. 

The Ml4568 is a 5V-only upgrade for 8468-type 
devices. Upgraded features include increased data rate 
operation (to 24 MB/s with Rll(1, 7) coding), impr~)Ve 
pulse pairing (1ns), an~ reduced power consu~ptlon 
(400mW typical) resultmg from 5V-only operation. 

The Ml4568 pulse detector section detects amplitude 
peaks, producing a TIL-compatible output which 
accurately indicates the time position of signal peaks. 
In hard disk applications, these signal peaks represent 
flux reversals in the magnetic medium. 

BLOCK DIAGRAM 
-AMP +AMP 
OUT OUT +CH IN 

AGCIN+_..,6<--....... --, 

AGCIN-

CAGC 
14 

K/W 8 

AGCSET 

vee 

AGND 
26 

DGND 
13 

V'HOur 
21 

September 1990 
PRELIMINARY 

ML4568 

Disk Pulse' Detector + 
Embedded Servo Detector 
FEATURES 
• 5V-only operation 
• low power consumption (400mW typical) 
• Supports 24 MB/s RLL(1, 7) coding 
• Less than ±1 ns Pulse Pairing 
• Wide input signal amplitude range (10mVpp to 

100mVpp) 
• On-chip differential gain controlled amplifier, 

differentiator, comparator gating circuitry, and 
output pulse generator 

• Adjustable comparator hysteresis 
• Dynamic hysteresis tracks signal amplitude 
• AGC and differentiator time constants set by 

external components 
• TTL compatible digital inputs and outputs 
• Built in embedded servo detector 
• On chip buffers provide low impedance servo 

output voltages 
• User adjustable servo time constants 

-CH IN co+ CD-

DOUT 

KD 

SETPW 

BUFA 

DAOUT 

BUFB 

LEVEL (;ME2 DISCH. GATE1 PKA H~. PKB 
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GENERAL DESCRIPTION (Continued) 

The ML4568 also incorporates two gated detectors 
which detect embedded servo information, used for 
head positioning. The ML4568 provides two buffered 
low impedance voltage outputs which represent the 
peak detected level of each servo burst. The ML4568 
also provides a buffered output that represents the 
voltage difference between the two servo channels, 
centered about V REF. 

PIN DESCRIPTION 

PIN *' NAME FUNOION 

Power Supply 

9 Vee +5V ± 10% supply. 

21 VREF OUT Internal 2.25 V reference voltage 
output. 

26 ANALOG Analog signals should be 
GROUND referenced to this pin. 

13 DIGITAL Digital signals should be 
GROUND referenced to this pin. 

Analog Signals 

6 AMP IN+ These are the differential inputs 
7 AMP IN- to the Amplifier. The output of 

the read/write head amplifier 
should be capacitively coupled 
to these pins. 

28 AMP OUT+ These are the differential outputs 
27 AMP OUT- of the Amplifier. These outputs 

should be capacitively coupled to 
the channel filter. 

4 -CH IN These are the differential inputs 
1 +CH IN to the time, gating and servo 

channels. These inputs must be 
capacitively coupled to the 
channel filter at the amp. outputs. 
The maximum differential 
peak.to-peak swing at this input 
is 1.5 Vp_p. 

2 CD+ The externai differentiator 
3 CD- network is connected between 

these two pins. 

23 HYS. The DC voltage on this pin sets 
the amount of hysteresis on the 
differential comparator. 

PIN CONFIGURATION 

PIN *' 

AGCSET 

SET PW 

DOUT 

NAME 

PLCC·28 
-AMP 

CD- +CH IN OUT 

TOPVIEW 

DAOUT 

LEVEL 

HYS. 

DISCH. 

VREFOUT 

GATE2 

PKB 

FUNOION 

Analog Signals (Continued) 

24 LEVEL This is a Peak Detector Output 
signal that is used in conjunction 
with the set hysteresis pin 23 to 
provide a dynamic hysteresis 
function. 

5 AGCSET The AGC circuit adjusts the gain 
of the gain controlled amplifier 
to make the differential peak to 
peak voltage at the Channel 
inputs equal to four times the 
DC voltage on this pin. 
VAGeSET = Y2Vce + VNpp where 
Vpp is the peak-peak differential 
voltage on the channel input. 

14 CAGC The external capacitor for the 
AGC is connected between this 
pin and Analog Ground. 

18 PKA The peak detected servo signal 
19 PKB voltage appears across the RC 

networks connected from these 
pins to analog ground. 

16 BUFA These low impedance pins, 
15 BUFB output the DC level at pins 18 

and 19 respectively, level shifted 
down by two diode drops. 

25 DAOUT This low impedance pin outputs 
the difference in voltage between 
pins 16 and 15 about a zero level 
set by the voltage on pin 21. 
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PIN DESCRIPTION (Continued) 

PIN # NAME 

Digital Signals 

10 SET PW 

8 R/W 

11 DOUT 

12 RD 

FUNCTION 

An external capacitor to control 
the pulse width of the Encoded 
Data Out (RD) is connected 
between this pin and Digital 
Ground. See Figure 1. 

If this pin is low, the Pulse 
Detector is in the read mode 
and the chip is active. When this 
pin goes high, the pulse detector 
is forced into a stand-by mode. 
This is a standard TTL input. 

This is the buffered, open 
collector, output of the differential 
comparator with hysteresis. 

This is the standard TTL output 
whose leading edge indicates the 
time position of the peaks. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Pin 9 .................................................. 14V 
TTL Input Voltage 

Pins 8, 17, 20, 22 ................ .. .. .. .. .. .. .. .. .. ... 5.5V 
TTL Output Voltage 

Pins 12, 11 ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... S.5V 
Input Voltage 

Pins 23, 5 ............................................ S.SV 
Minimum Input Voltage 

Pins 23, 5 ........................................... -O.5V 
Differential Input Voltage 

Pins 6-7, 4-1 .................................... 3V or -3V 
ESD susceptibility rating is to be determined 
Storage Temperature ....................... -65°C to +1S0°C 
lead Temperature (Soldering 10 sec.) .................. 300°C 
Maximum Power Dissipation at 2SoC: 

PlCC Package (derate TBD mW/oC above 25OC) ... SOOmW 

ML4568 

PIN # NAME FUNCTION 

Digital Signals (Continued) 

17 GATE 1 These inputs accept TTL levels. 
20 GATE 2 When a low level is present the 

embedded servo signal is allowed 
to charge the RC network at pins 
18 and 19 respectively. A high 
level will force a hold condition 
of the DC voltage across the RC 
network and will also disable the 
servo channel. 

22 DISCH. This input accepts a TTL level. 
A high level connects a 15K 
internal resistor to ground on 
pins 18 and 19. 

OPERATING CONDITIONS 
V cc ............................................. 4.5V to S.SV 
Ambient Temperature, TA ....................... O°C to +70°C 
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ELECTRICAL CHARACTERISTICS 
Over recommended operating conditions. 
Set Hysteresis = ov, VP1N 17 = 2V, READ/WRITE = O.4V, VPIN 22 = OAV, unless otherwise noted. 

Symbol Pill<; Parameter Conditions Min lYP Max I Units 

Amplifier 

ZINAI 6,7 Amp In Impedance (Note 1) TA = 25°C 1.8 2.4 3.0 Kn 

AVMIN 28,27 Minimum Voltage Gain Differential N:. Output 3 V PP 6 15 VN 

AVMAX 28,27 Maximum Voltage Gain Differential N:. Output 3 V PP 250 300 VN 

Channel 

ZINCI 4,1 Channel Input Impedance TA = 25°C (Note 1) 2.5 Kn 

ICAGc- 14 Pin 14 Current which Charges CAGC VPIN 14 = 2.2V 5.0 5.8 mA 

ICAGc+ 14 Pin 14 Current which Discharges CAGe VplN 14 = 2.2V 0.5 2 /lA 

IAGCSET 5 AGCSET Input Bias Current 8 100 /lA 

IlL 23 Set Hysteresis Input Bias Current VPIN 23 = 0 -20 /lA 

leo 2,3 Current into Pin 2 and 3 that 0.8 1.0 . mA 
Discharges Co 

HYS 23 Peak Hys. vs VHYS VplN 23 = 1V 0.25 0.4 0.55 
VpK' 
VOC 

Write Mode 

ZINAI Amp In Impedance in Write Mode VplN 8 = 2.0V n 
Pin 14 Current in Write Mode VPIN 8 = 2.0Y, VplN 14 = 2.2V /lA 

Digital Pins 

VIH 8,17, High Level Input Voltage 2 V 
20,22 

VIL 8,17, Low Level Input Voltage 0.8 V 
20,22 

IIH 8,17, High Level Input Current Vsv = Max, VI = 2.7V 20 pA 
20,22 

IlL 8,17, Low level Input Current Vsv = Max, VI = O.5V 140 200 pA 
20,22 

VOH 12 High Level Output Voltage Vsv = Min, IOH = -4OOpA (Note 2) 2.4 V 

VOL12 12 Low Level Output Voltage Vsv = Min, IOL = 800pA (Note 2) 0.5 V 

ILH 11 High level Output Leakage Current VPIN 11 = 5.5V Measure Current into 10 pA 
Pin 11 

VOL11 11 Low level Output Voltage IplN 11 = 800 pA 0.5 V 

Servo Channel 

ZOIS 18,19 Discharge Impedance VPIN 22 = 2V (discharge) 0.5 1.8 2.5 Kn 
Force 2.5V on Pins 18 or 19 

VBoQ 15,16 Buffer Quiescent Output Level V PIN 17, 20, 22 - 0.4Y, V CI - OV 1.0 1.6 2.0 V 
Pull OmA from Pins 15 and 16 

VLEVEL Q 24 Level Quiescent Output Level VCI = OV 0.2 0.5 V 
Pull 200pA from Pin 24 

IL 18,19 Gated Off leakage Current VPIN 22 = 0.4Y, VPIN 20 = VPIN 17 - 2V -1 1 /lA 
Force 3V on Pin 18 or Pin 19 
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ELECTRICAL CHARACTERISTICS (Continued) 
Over recommended operating conditions. 
Set Hysteresis = OY, VPIN 17 = 2Y, READ/WRITE = O.4Y, VPIN 22 = O.4Y, unless otherwise noted. 

Symbol I Pins I Parameter Conditions Min lYP Max I Units 

Servo Channel (Continued) 

VOSSO 16, 15 Buffer Output Offset Voltage VplN 17, 20, 22 = OAY, VplN 1 = 2.75V 2 ±15 mV 
for V CI = 1VPK_PK Pull OmA from Pins 15 and 16 

VplN 4 = 2.25Y, 

Vosso = VPIN 16 - VPIN 15 

VOSYS 25,21 System Output Offset Voltage VPIN 17, 20, 22 = 004 ±5 ±20 mV 
for V CI = 0.75V PK-PK VPIN 1 = 2.688Y, VPIN 4 = 2.313V 
Pull OmA from Pin 25 

VOSYS = VPIN 25 - VplN 21 

AVDA (1V) 25,21 Difference Amplifier Gain, VplN 17, 20 = 2V 1.6 2 204 V/V 
1V Differential Input VplN 19 = 1.5Y, VPIN 18 = 2.5Y, 

VPIN 22 = OAV 

AVDA (.5V) 25,21 Difference Amplifier Gain, VPIN 17, 20 = 2V 1.6 2 2.4 V/V 
O.5V Differential Input VplN 19 = 1.75Y, VPIN 18 = 2.25Y, 

VPIN 22 = OAV 

GLDA 25 Difference Amplifier Gain Linearity 0.2 2.5 % 

ZLEVEl 24 Level Out Output Impedance V PIN 17, 20, 22 = OAY, V CI = 0.75V 100 180 250 n 
SOURCE Measure VPIN 24 with 200tiA and 

3mA pulled out of the pin. 
ZLEVEL = change in VPIN 24 SOURCE 
3mA - 0.2mA 

AVCD 15, 16 Gated Detector Gain VPIN 22, 20, 17 = OAV lAS 1.8 2.25 V/V 
(1.5V) for VCI = 1.5VPK_PK VPIN 1 = 2.875Y, VPIN 4 = 2.125V 

AVCD 15, 16 Gated Detector Gain VplN 22, 20, 17 = OAV 1045 1.7 2.25 v/v 
(0.75V) for VCI = 0.75VpK_PK VPIN 1 = 2.688Y, VplN 4 = 2.313V -AVLEVEL 24 Level Voltage Gain VPIN 1 = 2.875Y, VPIN 4 = 2.125V lAS 1.8 2.25 v/v 
(1.5V) For V CI = 1.5V PK-PK 

AVLEVEl 24 Level Voltage Gain VPIN 1 = 2.687v, VPIN 4 = 2.312V 1.6 1.9 2.4 v/v 
(0.75V) For VCI = 0.75VPK_PK 

GLco 15, 16 Gated Detector Gain Linearity ±0.1 ±2.5 % 

Ice 9 Vee Supply Current Vee = Max 40 90 110 mA 

VREF 21 V REF Voltage 2.0 2.25 2.5 V 
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AC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Temperature and Supply Range refer to AC Test Setup. 
f = 2.5MHz unless otherwise indicated. PKA, PKB = 1Kn + 10nF to GND. 

Symbol Pins Parameter Conditions 

tcHARGE 15,16 Gated Detector Charge Time VCI = 1.5Vpp, VplN 22 = 0.3\1, 
With PKA and PKB discharged, 
measure the time from Pin 17 or 20 
going from 2V to 0.3\1, to VBOl or 
VB02 respectively, reaching 90% of 
their final value 

tDISCHARGE 15,16 Gated Detector Discharge Time VCI = 1.5Vpp. 
With lP1 charged, measure the time 
from Pin 22 going from O.3V to 2\1, to 
the voltage at VB01 or VB02 reaching 
90% of their final value 

tON 18,19 Gated Detector Turn ON Time V CI = 0.35V DO V PIN 22 = 0.3y. 
With lP1 discharged, measure the 
time from Pin 17 going from 2V to 
0.3\1, to the voltage on Pin 18 
increasing 0.1Y. 
Do a similar measurement with lP2, 
Pin 20 and Pin 19 

tOFF 18,19 Gated Detector Turn OFF Time V CI = 0.35V DO V PIN 22 = 2Y. 
Measure the time from Pin 17 going 
from 0.3V to 2\1, to the voltage on 
Pin 18 decreasing by 0.1Y. Do a 
similar measurement with Pins 20 and 
19 

tpp 12 Pulse Pairing Ml4568-1 f = 2.5MHz and VCI = 1Vpp differential 

tpp 12 Pulse Pairing Ml4568-2 f = 2.5MHz and VCI = 1Vpp differential 

Notes: 
1. The temperature coefficient of the input impedance is typically 0.05% per DC. 

Min lYP Max Unils 

1.0 p.s 

70 p.s 

0.2 p.s 

0.4 p.s 

±1 ns 

±3 ns 

2. To prevent inductive coupling from the digital outputs to Amp In, the TIL outputs should not drive more than one ALS TIL load each. Pm 
11 is an open collector output which is tested with an external 1K pull up resistor to the 5V supply. 
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ML4568 CONNECTION DIAGRAM 

PLCC·28 Version 

DOUT 

12 RD 

cos~ 
IIGCSET 5 10 

SET PW 

16 
vcco-L BUFA 

+2.25V 

IIGND~ 

DGNDo-!L 

15 
BUF8 

-
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APPLICATION INFORMATION 

SETTING THE OUTPUT PULSEWIDTH 

The RD output pulsewidth is dependent on the value 
of Cos, which is connected from pin 10 to Vee. This 
relationship is shown in figure 1. 

100 

50 

50 100 

SELECTING CD 

The following table summarizes the maximum CD value 
allowed for different data rates. These values are 
derived using 

Data Rate 

7.5 MB/s 

24 MB/s 

176 
CD (max)=­

fMAJ( 

fMAJ( 

2.81 MHz 

9 MHz 

CD (max) 

62.6 pF 

19.6 pF 

Table 1. Maximum CD Value Allowed for a 1.5 Vp_p 
Differential Signal Using RLL (1, 7) Code 

150 200 

Cos (PFI 

Figure 1. RD Output Pulsewidth as a Function of Cos 

ORDERING INFORMATION 
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GENERAL DESCRIPTION 
The ML8464 is a Pulse Detector designed for use in 
magnetic disk applications to detect the amplitude 
peaks on the output of the read/write amplifier. These 
signal peaks are caused by flux reversal on the disk 
media, which when connected to the read/write 
amplifier result in an output consisting of a series of 
pulses of alternating polarity. The relative time position 
of these signal peaks is indicated by the leading edge 
of the TTL output pulses. The Pulse Detector 
accurately represents the time position of these peaks. 

The ML8464 contains three major blocks. The amplifier 
block contains a wide bandwidth differential amplifier 
with Automatic Gain Control (AGC) and a precision full 
wave rectifier. The time channel block includes a 
programmable differentiator followed by a bidirectional 
one shot multivibrator. The gate channel block 
includes a differential comparator with programmable 
hysteresis, a D flip-flop and an output bi-directional 
one shot multivibrator. The ML8464C internally 
connects the time channel output to the D flip-flop. 

BLOCK DIAGRAM 

AMP 
IN 6.SV 

GATE 
CHANNEL 

21 INPUT 22 

4V 

October 1990 

ML8464B, ML8464C 

Pulse Detector 
FEATURES 
• Wide differential input signal range 20-660 mVp_p 
• TTL compatible digital Inputs and Output 
• Externally gain controlled input differential amplifier 
• Variable hysteresis comparator with gating circuitry 
• Differentiator with externally programmable time 

constants 
• Standard 12V power requirement 
• Available in 24-pin DIP package, or a 28-pin surface 

mount PCC 
• Improved pulse pairing (±1 ns max.) 
• Handles RLL (1, 7) or (2, 7) data to 24 MB/s 

ML8464B FEATURES 

• Direct replacement for DP8464B 

TIME 
CHANNEL 

2 INPUT 

4V 

DIFFERENTIAL 
COMPARATOR 
WITH 
HYSTERESIS 

1-____ +1::.2 ~~~ PULSE 

,..--__ .L-_______ f 13 ~~~E 
IN 

(Ml84868 
ONLY) 

11 20 15 10 14 

READ/WRITE VR" DIGITAL 
GROUND 

ANALOG SET CHANNEl 
GROUND HYSTERESIS ALIGNMENT 

'-Micro Linear 

SET PULSE ENCODED 
WIDTH DATA OUT 

• M18464C ONLY 
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~L8464B, ~L8464C 

PIN CONNEalONS 

CD+ 

TIME CHANNEL INPUT + 

SET HYSTERESIS 

NC 

AMPIN+ 

AMP IN­

NC 

Vee 

SET PULSE WIDTH 

CD-

TIME CHANNEL INPUT -

GATE CHANNEL INPUT 

GATE CHANNEL INPUT 

ANALOG GROUND 

AMP OUT-

AMP OUT + 

DIGITAL GROUND 

CAGe 

CHANNEL ALIGNMENT OUT 

READ/WRITE ENCODED DATA OUT 

TIME PULSE OUT TIME PULSE IN" 

(TOP VIEW) 
NC = No Connect 
" THIS PIN IS A NO CONNECT ON THE ML8464C. 

PIN DESCRIPTION 
NAME FUNCTION 

Amp In+, Amp In- Differential inputs to the Ampli­
fier. The output of the read/write 
head amplifier should be capa­
citively coupled to these pins. 

Amp Out+/ Amp Out- Differential outputs of the 
Amplifier. These outputs should 
be capacitively coupled to the 
gating channel filter and to the 
time channel filter. 

Gate Channel Inputs Differential inputs to the AGC 
block and the gating channel. 
Must be capacitively coupled 
from the Amp Out. 

Time Channel Input+, Differential inputs to the time 
Time Channel Input- channel differentiator. A filter is 

required between these pins and 
Amp Out pins to band limit the 
noise and to correct for any 
phase distortion due to read 
circuitry. Also inputs must be 
capacitively coupled to prevent 
disturbing the DC input level. 

CD+, CD- External differentiator network 
is connected between these 
two pins. 

Set Hysteresis DC voltage on this pin sets the 
amount of hysteresis on the 
differential comparator. 

VREf AGe circuit adjusts the gain of 
the amplifier to make the differ­
ential peak to peak voltage on 
the Gate Channel. Input is four 
times the DC voltage on this pin. 

CAGe External capacitor between this 
pin and Analog ground is 
connected for the AGe. 

TIME 
SET CHANNEL 

HYSTERESIS~ CD+ / INPUT-
TIME GATE 

CHANNEL CHANNEL 
VREF INPUT + I CO - INPUT 

, \ I / 

4321282726 

NC GATE CHANNEL INPUT 

NC ANALOG GROUND 

AMPIN+ AMP OUT-

AMPIN- 28-Pin PLCC AMP OUT + 

NC NC 

Vee DIGITAL GROUND 

NC CAGe 

12 13 14 15 16 17 18 

SETI TI~E IENCbDED\ ~C 
PULSE PULSE DATA oui \ 

_WIDTH OUT CHANNEL 
READ/WRITE TIME PULSE IN" ALIGNMENT 

NAME 

Set Pulse Width 

Read/Write 

Channel Alignment 

Time Pulse In 
(ML8464B only) 

Time Pulse Out 

Encoded Data Out 

Vee 
GND 

AGND 

FUNCTION 

External capacitor between this 
pin and Digital ground is 
connected to control the pulse 
width of the Encoded Data Out. 

TIL input. When low, the chip is 
in read mode and active. When 
High, the chip is forced into 
stand by mode. 

Buffered output of the differ­
ential comparator with hysteresis. 
This output is TIL on the 
ML8464B, and is open emitter 
on ML8464e. The ML8464C is 
specified with a 2KO pull-down 
resistor to ground. 

This is the TIL input to the 
clock of the D flip-flop. Usually 
it is connected to the Time 
Pulse Out pin. 

ML8464B: This is the TIL output 
from the bidirectional one shot 
following the differentiator. 
Usually it is connected to the 
Time Pulse In pin. 
ML8464C: Open emitter-follower 
test point. 

TIL output. Leading edge of 
this pin indicates the time 
position of the peaks. 

12V power supply. 
Digital ground. Digital signals 
should be referenced to this pin. 

Analog ground. Analog signals 
should be referenced to this pin. 
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FUNCTIONAL DESCRIPTION 
The output from the read/write amplifier is AC coupled 
to the amp input of the Ml8464. The amplifier's output 
voltage is fed back via an external filter to an internal 
fullwave rectifier and compared against the external 
voltage on the VREF pin. The AGC circuit adjusts the 
gain of the amplifier to make the peak to peak 
differential voltage on the Gate Channel Input four 
times the DC voltage on the VREF' Typically the signal 
on the amp out will be set for 4Vp_p differential. Since 
the filter usually has a 6dB loss, the signal on the Gate 
Channel Input will be 2Vp_p differential. The user 
should therefore set O.5V on VREF which can be done 
with a simple voltage divider from the +12V supply or 
other suitable reference. 

The peak detection is performed by feeding the output 
of the amplifier through an external filter to the 
differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this 
will be at the peaks. However, if the signal exhibits 
shouldering, the differentiator will also respond to noise 
near the baseline. To avoid this problem, the signal is 
also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel is 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......................................... 14V 
TIL Input Voltage ...................................... 5.5V 
TIL Output Voltage ................ .. .. .. .. .. .. .. .. .... 5.5V 
Input Voltage ........................................... 5.5V 
Differential Input Voltage ................................ +3V 
{)JA for 24-Pin Plastic DIP (Copper Lead Frame) .... 60°C/Watt 
{)JA for 28-Pin PLCC (Copper Lead Frame) ......... 60°C/Watt 
Storage Temperature Range ..... . . . . . . . . . .. -65°C to +150°C 

ML8464B, ML8464C 

comprised of a differential comparator with hysteresis 
and a D flip-flop. The hysteresis for this comparator is 
externally set via the Set Hysteresis pin. In order to 
have data out, the input amplitude must first cross the 
hysteresis level which will change the logic level on the 
D input of the flip-flop. The peak of the input signal 
will generate a pulse out of the differentiator and 
bidirectional one shot. This pulse will clock the new 
data at the D input through to the output. In this way, 
when the differentiator is responding to noise at the 
baseline, the output of the D flip-flop is not changing 
since the logic level into the D input has not been 
changed. The comparator circuitry is therefore a gating 
channel which prevents any noise near the baseline 
from contaminating the data. The amount of hysteresis 
is twice the DC voltage on the Set Hysteresis pin. For 
instance, if the voltage on the Set Hysteresis pin is 0.3V, 
the differential AC signal across the gate channel input 
must be larger than 0.6V before the comparator will 
change states. In this case, the hysteresis is 30% of a 2V 
peak to peak differential signal at the gate channel 
input. 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operatIon is not 
implied. 
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DC ElEORICAl CHARAOERISTICS 
OYer recommended operating conditions of TA = 0 to 70oe, Vee = 12.0V ± 10%, VREF = Q.5v, Set Hysteresis = 0.3v, 
Read/Write = O.BV unless otherwise noted. (All pin numbers refer to DIP package.) 

SYMBOL PARAMETER I MIN lYP MAX UNITS CONDITIONS 

AMPLIFIER 

llNAI Amp In Impedance 0.8 1.0 1.5 kO 

AYMIN Min Voltage Gain 6.0 VIV AC Output 4Vp_p Differential 

AYMN< Max Voltage Gain 180 VIV AC Output 4Vp_p Differential 

VCAGC Voltage on CAGC 4.5 5.5 V Ay = 6.0 
2.8 3.4 V Ay = 180 

GATE CHANNEL 

llNGCI Gate Channel Input Impedance 1.75 2.5 3.25 kO 

ICAGe- Current that charges CAGC -1.5 -2.5 -3.5 mA Pin 16 = 3.9V 
Pin 21 - Pin 22 = 1.3V 

ICAGC+ Current that discharges CAGC 1 5 pA Pin 16 = 5.0V 
Pin 21 - Pin 22 = 0.7V 

IYREF VREF Input Bias Current -0.01 -100 pA 

VTHAGC AGC Threshold 0.88 1.0 1.12 V Pin 16 = 4.2V See Note 1 

ISH Set Hysteresis Bias Current -60 -100 p.A 

VTHSH Set Hysteresis Threshold 0.48 0.6 0.72 V See Note 2 

TIME CHANNEL 

llNTC Time Channel Input Impedance 3.5 5 6.5 kO 

lco Current into pins 1 & 24 that 2.1 2.7 3.4 mA 
discharges CD 

WRITE MODE 

llNAI Amplifier Input Impedance in 100 500 0 Pin 11 = 2V 
Write Mode 

ICAGC Pin 16 Current in Write Mode 1.0 5.0 p.A Pin 11 = 2V 
Pin 16 = 3.9V 
Pin 21 - Pin 22 = 1.3V 

DIGITAL PINS 

VIH High Level Input Voltage 2.0 V Ml8464B: Pins 11, 13 

VIL Low Level Input Voltage 0.8 V ML8464C: Pin 11 

VI Input Clamp Voltage -1.5 V VCC = 10.8V, II = -18mA 

IIH High Level Input Current 20 pA V cc = 13.2V, VI = 2.7V 

II Input Current at Maximum 1 mA Vcc = HolV, 
Input Voltage VI = 5.5V 

IlL Low level Input Current -200 pA V cc = 13.2V, VI = O.5V 

VOH High Level Output Voltage 2.4 V Vcc = 10.8V, VIOH = -40pA 
See notes 3, 7 

VOl Low Level Output Voltage 0.5 V Vcc = 10.8V, 1m = 800pA, see note 7 

losc Output Short Circuit Current -100 mA Vcc = H.2V, Va = OV 

Icc I Supply Current 54 75 mA I Vec = H.2V 
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Ml8464B, Ml8464C 

DC ELEORICAL CHARAOERISTICS (Continued) 
Over recommended operating conditions of TA = 0 to 70°C, VCC = 12.0V ± 10%, VREF = 0.5\1, Set Hysteresis = 0.3\1, 
Read/Write = O.BV unless otherwise noted. (All pin numbers refer to DIP package.) 

SYMBOL I PARAMETER MIN lYP MAX UNITS CONDITIONS 

DIGITAL PINS (Continued) 

VOHCA Channel Alignment Pin VOH (Note 3) 
MLB464B 2.4 V 10H = -40pA 
MLB464C 1.6 V 2kfl Load to GND 

VOLCA Channel Alignment Pin VOL (Note 3) 
MLB464B 0.4 V IOL = BOOpA 
MLB464C 1.0 V 2kfl Load to GND 

VOHTP Time Pulse Out Pin VOH 
MLB464B 2.4 V 10kfl Load to GND 
MLB464C 9.6 V 10kfl Load to GND 

VOLTP Time Pulse Out Pin VOL 
MLB464B 0.4 V 10kfl load to GND 
MlB464C B.6 V 10kfl load to GND 

AC ELEORICAL CHARAOERISTICS 
Over recommended operating temperature and supply range of V cc = 10.B to 13.2\1, T A = 0 to 70°C. 

SYMBOl PARAMETER MIN lYP MAX UNITS CONDITIONS 

MlB464-1 
tp_p Pulse Pairing ±0.5 ±1.0 ns 

Ml8464-1.5 
f = 2.5MHz 

tp_p Pulse Pairing' ±O.B ±1.5 ns 
VIN = 4OmVp_p differential 
See note 4 

MlB464-2 
tp_p Pulse Pairing ±1.5 ±3.0 ns 

Note 1: The AGC threshold is defined as the voltage across the gate channel input when the voltage on CAGe IS 4.2V. 
Note 2: The Set Hysteresis threshold is defined as the voltage across the gate channel Input when the channel alignment output voltage 

changes state. 
Note 3: To prevent inductive coupling from the digital outputs to amplifier inputs, the TTl outputs should not drive more than one ALS TTL 

load. 
Note 4: The filter and differentiator network are described In the pulse pairing set-up. 
Note 5: All limits are guaranteed by 100% testing or alternate methods. 
Note 6: The 1.5 ns pulse palrihg specification IS available only on the ML8464C, not the ML8464B. 
Note 7: ML8464B: Pins 12, 14, 15 

ML8464C: Pins 14 and 15 only. 
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~L8464B, ~L8464C 

0.3Vo-----I 

0.5VO-----I 
C7 

0---\ 
INPUTS 

C8 

0---\ 

+ 12Vo-----I 

0.3V 
READ/WRITE 

Rl Cl 

ML8464B, 
ML8464C 

10 

11 

L1 

24 C2 L2 R2 

23 
C5 

22 
R3 

21 

20 

19 

18 

17 

16 

15 
C6 R7 R5 R6 

14 

DATA OUT 

PULSE PAIRING SET UP 

PARTS LIST 

R1 .................... 2200 C1 .................... 82pF 
R4 .................... 6800 C2, C3, C6 ........... O.01tJF 
R2, R3 ................. 2400 C4 ................... 100pF 
RS, R6 ................ 3.3kO CS .................... 1SpF 
R7 ................... 100kO q C8 .......... .. 0.0022pF 
L1 .................... 1.5tJH C9 .................... 47pF 
l2, l3 ................ 4.7 tJH 

* The connection between pins 12 and 13 is required only for the Ml8464B. 

PULSE PAIRING MEASUREMENT 
The scope probe is connected to pin 14 (Encoded Data 
Out) and triggered off of its positive edge. The trigger 
holdoff is adjusted so that the scope first triggers off 
the pulse associated with the positive peak and then off 

the pulse associated with the negative peak. Pulse 
pairing is displayed on the second pair of pulses on the 
display. If the second pair of pulses are separated by 
6ns, then the pulse pairing for the part is ±3ns. 
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ML8464B, ML8464C 

ML8464C 

TIME PULSE IN 
IS NO CONNECT 

CHANNEL VOH = 1.6V TYP 
ALIGN (TEST POINl] VOL = 1.0V 2K LG\D 

ML84648 

,---------------------, 
I I 
I 

>-_--+lD 

TTL 
OUTPUT 

CHANNEL 
ALIGN OUT TTL 

I 

I 

I 
____ ..J 

'Micro Linear 

TIME PULSE OUT 
(TEST POINl] 

VOH = 9.6V TYP 
VOl = 8.6V 10K LG\D 

m 
OUTPUT 

TIME PULSE OUT 
TTL 

VOl = .4V MAX 
VOH = 2.BV MIN 

TIME PULSE INPUT 
TTL 
VIL = .BV MAX 
V'H = 2.4V MIN 
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DIFFERENCES BETWEEN ML8464C AND ML8464B 
THE EXTERNAL DElAY 

The ML8464B open circuits the digital signal at pins 12 
and 13. This allows for the insertion of an external 
delay filter. The ML8464C has no TTL buffers at these 
pins and closes the signal path internally bringing out a 
test point at pin 12. Hence, the ML8464 does not allow 
for the external delay. 

TEST POINTS 

The ML8464B has two TTL test points at pins 12 and 15. 
The ML8464C uses open emitter followers in an ECL 
configuration. Hence, the voltage levels are not similar 
at pins 12 and 15 on both devices. The typical voltage 
level at pins 12 are VOH = 9.6'1, VOl = 8.6V and at pin 
15 are VOH = 1.6'1, VOl = 1.0\1. 

ORDERING INFORMATION 
ORDERING 

AGC GAIN CONTROL FACTOR 

The AGC reference level is a DC voltage externally set 
at VREF (pin 4). Increasing this DC voltage will increase 
the gain of the gain controlled amplifier. 

AGC gain control factor = 

Your PEAK = peak of the AGC amp 

VREF 
2.5Vpp 

AGC gain control factor = -- = 5 for ML8464B 
0.5Voc 
2.0Vpp 

= -- = 4 for ML8464C 
O.5VDC 

Thus, at VREF = 0.5Voc, Your AGC = 2.5V for ML8464B 
and 2.0V for ML8464C. This smaller signal amplitude 
should be taken into consideration at the hysteresis 
comparator. To set the desired amount of hysteresis, 
and external DC control voltage is used. The particular 
settings for VREF and control voltage at pin 3 that 
optimizes the ML8464B performance may not 
necessarily optimize the ML8464C performance. 

TEMPERATURE 
NUMBER PACKAGE PIN COUNT RANGE PULSE PAIRING 

ML8464C-1CP Plastic DIP 24 Pins 0° to 70°C ±1ns 
ML8464C-1CQ PLCC 28 Pins 0° to 70°C ±1ns 
ML8464C-1.5CP Plastic DIP 24 Pins 0° to 70°C ±1.5ns 
ML8464C-1.5CQ PLCC 28 Pins 0° to 70°C ±1.5ns 
ML8464C-2CP Plastic DIP 24 Pins 0° to 70°C ±3ns 
ML8464C-2CQ PLCC 28 Pins 0° to 70°C ±3ns 

ML8464B-1CP Plastic DIP 24 Pins 0° to 70°C ±1ns 
ML8464B-1CQ PLCC 28 Pins 0° to 70°C ±1ns 
ML8464B-2CP Plastic DIP 24 Pins 0° to 70°C ±3ns 
ML8464B-2CQ PLCC 28 Pins 0° to 70°C ±3ns 
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Micro Linear offers high performance Switch Mode 
Power Supply IC controllers for PWM, Resonant and 
Power Factor Correction. These PWM Ie's are the 
highest frequency Ie's available and include unique 
features for enhanced stability, easy synchronization 
and improved fault management. These controller Ie's 
can be tailored to meet your unique design 
requirements using Micro Linear's array-based Semi­
Standard capability. 

For Power Factor Correction, three Ie's are available to 
meet the needs of a variety of different applications. 
Boost and Buck Boost dedicated PFC control Ie's are 
available. Also, a new IC, the Ml4819, combines a 
boost PFC stage with a Current Mode PWM control 
section. This new "Combo" controller is the first IC 
available which controls an entire PFC corrected 
power supply on a single chip. 

POWER FACTOR CONTROLLERS 

• ML4812 General Purpose Boost Mode 
• ML4813 Flyback Converter for Low Power Systems 
• ML4819 Boost PFC and PWM "Combo" 

PULSE WIDTH MODULATION lC's 

• 1 MHz Operation 
• Voltage Mode or Current Mode Operation 
• High Current (2A peak) High Speed Totem Pole 

Outputs 
• Precision (+1%) S.lV Reference 
• Soft Start latch Ensures Full Soft Start Cycle 

PWM CONTROLLER SELECTION GUIDE 

FEATURE ML4809 Ml481 0 

Push/Pull X X 

Single Ended 

Integrating Fault Detection X 

Reset Delay 

OVP Comparator 

Precise Duty Cycle limit 

Oscillator Sync Input 

VCO X 

Blanker X 

Slope Compensation X 

Separate Error Amp X 

Power Supplies 
Selection Guide 

Two new resonant controllers are now available, one 
for zero voltage switching and one multi-mode 
controller. Both Ie's offer unique overload protection 
features, high current output drivers, and low cross 
conduction. The multi-mode controller supports both 
series resonant converters operating above resonance 
and ZCS topologies. 

A new phase modulating soft switching controller, the 
Ml4818 is also available. This new topology combines 
the low dynamic losses of resonant switching with the 
advantages of square wave PWM's low conduction 
losses and energy transfer efficiency. 

These Ie's are available in Commercial (O°C to 70°C), 
Industrial (-40°C to +8S0 C) and Military (-55°C to 
+125°C) temperature ranges in both DIP and Surface 
Mount packages. 

HIGH FREQUENCY RESONANT CONTROLLERS 
Ml4815 Single Ended Zero Voltage Switching Controller 

• Ideal for low Input Voltage DC to DC Converter 
Modules 

• Operation to l.5MHz 

ML4816 Multi-Mode Push-Pull Resonant Controller 

• Supports All Major Topologies: ZVS and ZCS 
• Constant Off-Time or Constant On-Time Control 

ML4818 Phase Modulation Soft Switching Controller 

• Four 2A Totem Pole Outputs 
• Zero Voltage Switching 
• Integrating Fault Detection 

ML4811 ML4817 ML4823 ML4825 

X X 

X X 

X 

X X 

X 

X 

X 
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'Micro Linear ML1825 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The ML 1825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V. 
threshold initiates a soft-start cycle. The soft start pm 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800m V of hysteresis assures low startup 
current and drives the outputs low. 

BLOCK DIAGRAM 

cm 

1.25V 

~III-+------j 

E/A OUT 

The ML 1825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is a pin for pin replacement for the 
UC1825 controller. 

FEATURES 
• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current (2A peak) Dual Totem Pole Outputs 
• Wide Bandwidth Error Amplifier 
• Fully Latched Logic with Double Pulse Suppression 
• Pulse-by-Pulse Current Limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with Hysteresis 
.5.1\1, ±1% Trimmed Bandgap Reference 
• Pin Compatible Replacement for UC1825 

S'GNIGNo ~ 
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PIN CONNECTION 
ML1825 

16-Pin DIP 

PIN DESCRIPTION 
PIN II NAME FUNCTION PIN II 

1 INV Inverting input to error amp. 9 

2 NI Non-inverting input to error amp. 

3 E/A OUT Output of error amplifier and 
input to main comparator. 10 

4 CLOCK Oscillator output. 11 

5 R(T) Timing Resistor for Oscillator -
sets charging current for oscillator 

12 timing capacitor (pin 6). 

6 C(T) Timing Capacitor for Oscillator. 
13 

7 RAMP Non-Inverting input to main 
comparator. Connected to Cm for 

14 Voltage Mode operation or to 
current sense resistor for current 15 
mode. 16 

8 SOFT START Normally connected to Soft Start 
Capacitor. 

NAME 

l(lIM)/S.D. 

GND 

OUT A 

PWR GND 

Ve 

OUT B 

Vee 

5.1V REF 

'Micro Linear 

ML1825 

FUNCTION 

Current limit sense pin. Normally 
connected to current sense 
resistor. 

Analog Signal Ground. 

High Current Totem pole output. III This output is the first one 
energized after Power On Reset. 

Return for the High Current 
Totem pole outputs. 

Positive Supply for the High 
Current Totem pole outputs. 

High Current Totem pole output. 

Positive Supply for the Ie. 

Buffered output for the 5.1 V 
voltage reference. 
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ML1825 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Supply Voltage (Pins 15, 13) .............................. 30V Temperature Range 
Output Current, Source or Sink (Pins 11, 14) ML 1825M .............................•.. -55°C to +125°C 

DC .................................................. O.5A 
Pulse (O.5tJS) .......................................... 2.0A 

Analog Inputs 
(Pins 1, 2, 7) ................................... -O.3V to 7V 
(pins 9, 8) ..................................... -O.3V to 6V 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

Clock Output Current (Pin 4) .......................... -SmA 
Error Amplifier Output Current (Pin 3) ..............•... SmA 
Soft Start Sink Current (Pin 8) ......................... 20mA 
Oscillator Charging Current (Pin 5) .................... -SmA 
Junction Temperature 

ML4825M ..................... . . . . . . . . . . . . . . . . . . . . .. 150°C 
ML48251, ML4825C .................................. 125°C 

Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) ................ +260°C 
Thermal Resistance (8)A) 

Ceramic DIP ...................................... 65°C/W 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RT = 3.65KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial Accuracy T) = 25°C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vee < 30Y, (note 1) 0.2 2, % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Referen(e Section 

Output Voltage T) = 25°C, 10 = 1mA 5.05 5.10 5.15 V 

Line Regulation 10V < Vee < 30V 2 20 mV 

Load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < T) < 150°C, (note 1) .2 .4 % 

Total Variation line, load, temp (note 1) 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

Long Term Stability T) = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Error Amplifier Section 

10 I mV Input Offset Voltage 
~-~ ~-------

Input Bias Current .6 3 pA 

Input Offset Current .1 1 pA 

Open Loop Gain 1 < Vo < 4V 60 95 dB 
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ML1825 

ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Error Amplifier Section (Continued) 

CMRR 1.5 < VeM < 5.5V 75 95 dB 

PSRR 10 < Vee < 30V 85 110 dB 

Output Sink Current VPIN 3 = lV 1 2.5 mA 

Output Source Current VPIN 3 = 4V -.5 -1.3 mA 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output low Voltage IplN 3 = lmA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 V!/lS 

PWM Comparator Section 

Pin 7 Bias Current VPIN 7 = OV -1 -5 /lA 

Duty Cycle Range 0 80 % 

Pin 3 Zero DC Threshold VplN 7 = OV 1.1 1.25 V 

Delay to Output (note 1) 50 80 ns 

Soft-Start Section 

Charge Current VPIN 8 = O.5V /lA 

Discharge Current VPIN 8 = lV mA 

Current limit! Shutdown Section 

Pin 9 Bias Current OV < VplN 9 < 4V +15 /lA 

Current limit Threshold .9 1 1.1 V 

Shutdown Threshold 1.25 1.4 1.55 V 

Delay to Output (note 1) 50 80 ns 

Output Section 

lOUT = 20mA .25 .4 V 
Output low level 

lOUT = 200mA 1.2 2.2 V 

lOUT = -20mA 13.0 13.5 V 
Output High level 

lOUT = -200mA 12.0 13.0 V 

Collector leakage Ve = 30V 100 500 /lA 

Rise!Fall Time CL = 1000pF, (note 1) 30 60 ns 

Under-Voltage lockout Section 

Start Threshold V 

UVlO Hysteresis V 

Supply Current 

Start Up Current Vee = 8V mA 

lee VPIN 1, 7, 9 = Ov, VPIN 2 = lV, mA 

Note 1: This parameter not 100% tested In production but guaranteed by design. 
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ML1825 

FU NcrlONAl DESCRIPTION 
OSCILLATOR 

The ML 1825 oscillator charges the external capacitor 
(CT) with a current (lSET) equal to 3/RsET. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T osc = TRAMP + T DEADTIME 

where: TRAMP = C (Ramp Valley to peak)/lsET 

and: T DEADTIME = C (Ramp Valley to Peak)/IQ1 

ISH --
RT 

CT 

lOOK 

~ 
l: 

10K Q 
li 

lK 

CLOCK n n 
--=----' "---­T0-+ll-

RAMP PEAK 

C~~~ 
RAMP VALLEY 

Figure 1. Oscillator Block Diagram 

100 lK lOOK 1M 

Figure 2. Oscillator Timing Resistance vs Frequency 
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Figure 3. Oscillator Deadtime vs Frequency 
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Figure 4. Oscillator Deadtime vs C(T) (3KO :::; R(T) :::; 100KO) 

ERROR AMPLIFIER 

The ML 1825 error amplifier is a 5.5MHz bandwidth 
12V/JlS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 

V,N' II l\ 
II V~UT 11\ 

_V L_ 
~ -

1 
o 0.2 0.4 0.6 0.8 1.0 

TIME I/Js) 

Figure 5. Unity Gain Slew Rate 
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Figure 6. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The ML 1825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

vee 

OUT 

Figure 7. Simplified Schematic 
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Figure 11. Supply Current vs Temperature 

SOFT START AND CURRENT LIMIT 

The ML 1825 employs two current limits. When the 
voltage at pin 9 exceeds 1Y, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated and the soft start 
capacitor (pi n 8) is discharged. The duty cycle on start 
up is limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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ORDERING INFORMATION 

PART NUMBER 

ML1825M] 

6-8 

TEMPERATURE 
RANGE 

-55°C to +125°C 

'Micro Linear 
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.~ Micro Linear 
May 1990 

PRELIMINARY 

ML4809 

High Frequency PWM Controller 

GENERAL DESCRIPTION 
The ML4809 High Frequency PWM Controller is a full­
featured IC controller optimized for use in Switch 
Mode Power Supply designs running at frequencies to 
1MHz. Propagation delays are minimized while slew 
rate and bandwidth are maximized for reliable high 
frequency operation. This controller is designed t? 
work in either voltage or current mode and provides 
for input voltage feed forward. 

A 1.1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.5V. 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 7V of hysteresis assures low startup current 
and drives the outputs low. 

The ML4809 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are easily 
implemented. This controller is similar to the UC1825 
controller, however the ML4809 includes many features 
not found on the 1825. These features are set in Italics. 

BLOCK DIAGRAM 

FEATURES 
• Practical Operation at Switching Frequencies to tOMHz 
• High Current (2A peak) Dual Totem Pole Outputs 
• Wide Bandwidth Error Amplifier 
• Fully Latched Logic with Double Pulse Suppression 
• Pulse-by-Pulse Current Limiting 
• Soft Start and Max. Duty Cycle Control 
• 5.1V, ±1% Trimmed Bandgap Reference 
• Under Voltage Lockout: 16V Start with 7V Hysteresis 
• Programmable Ramp Compensation Circuit 
• VCO Input for Synchronization or Frequency Control 
• External Clock Input for Synchronization 
• Toggle Preset for Synchronization 
• Comparator Blanker for Better Noise Immunity/Stability 
• Separate Error Amplifier Output Pin for Loop Filtering 

Versatility 
• Fast Shut Down Path from Current Limit to Outputs 
• Outputs Preset to Known Condition After Under 

Voltage Lockout 
• Soft Start Latch Ensures Full Soft Start Cycle 
• Programmable Soft Start Delay 

ClOCK OUT 7 

ClOCK IN & 

POWER Vc [i!] 

OUTA@] 

Q.FF 13 

OUT B 20 

POWER GND 18 

5.1V VREF 22 
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PIN CONNECTIONS 
ML4809 ML4809 

24-Pin DIP 28-Pin pee 

INV PRESET TOGGLE 
NC 

NI RAMP COMP 

E/A OUT 5.1V REF 

CMP IN Vee 
CMP IN Vee 

auTB V(VCO) OUT B 

PQWERVe 
POWERVe 

CLOCK IN 
PWRGND POWER GND 

CLOCK OUT 

Rm OUT A 
OUT A 

Rm NC 
cm SIGNAL GND 

cm SIGNAL GND 
RAMP I(UM)/S.D. 

SOFT mRT RC (BLANK) 

RESET DELAY Q·FF 

TOP VIEW TOPVIEW 

PIN DESCRIPTION 
PIN ** NAME FUNCTION PIN ** NAME FUNCTION 

INV Inverting input to error amp. 13 Q-FF An Emitter Follower output which 

2 NI Non-inverting input to error amp. is High for B active. 

3 E/A OUT Output of error amplifier. 14 RC (BLANK) Connect resistor and capacitor to· 

4 CMP IN Main Comparator Input. 
ground for blanker function. 

15 I(UM)/S.D. Current limit sense pin. Normally 
5 V(VCO) A control voltage input which sets connected to sense resistor. 

the VCO frequency. May be tied 
16 GND Analog Signal Ground. to s.1V REF (22) for fixed 

frequency operation. 17 OUT A High Current Totem pole output. 

6 ClOCK IN A "1" level blanks the outputs and This output is the first one 

prepares the chip for the next energized after Power On Reset. 

cycle by toggling the T flip flop. 18 PWR GND Return for the High Current 

7 CLOCK OUT Oscillator output. This is an Totem pole outputs. 

emitter follower output. 19 POWER Ve Positive Supply for the High 

8 R(T) Timing Resistor for Oscillator - Current Totem pole outputs. 

sets charging current for oscillator 20 OUT B High Current Totem pole output. 
timing capacitor (pin 9). 21 Vee Positive Supply for the Ie. 

9 C(T) Timing Capacitor for Oscillator. 22 S.1V REF Buffered output for the 5.1 V 
10 RAMP Non-Inverting input to main voltage reference. 

comparator. Connected to C(T) for 23 RAMP CaMP Connect resistor to GND for ramp 
Voltage Mode operation or to compensation. 
current sense resistor for current 
mode. 24 PRESET Presets the toggle flip-flop. Tie to 

11 SOFT START Normally connected to Soft Start 
TOGGLE GND to disable. 

Capacitor. 

12 RESET DELAY Connect to capacitor for time 
delay before new soft -start cycle 
begins after 1.4V current limit is 
reached. 

6-10 'Micro Linear 



ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (pins 21, 19) .............................. 36V 
Output Current, Source or Sink (pins 17, 20) 

DC .................................................. O.5A 
Pulse (O.5JlS) .......................................... 2.0A 

Input Voltage 
(Pins 1, 2, 4, 5, 10) ............................. -0.3V to 7V 
(Pins 8, 9, 11, 12, 15, 24) ....................... -O.3V to 6V 

Logic Output Current (Pms 7, 13) ...................... -SmA 
Blanker Charge Current (Pin 14) ....................... -SmA 
Error Amplifier Output Current (Pin 3) ........•......... SmA 
Soft Start Sink Current (pin 11) . . . . . . . . . . . . . . . . . . . . . . .. 20mA 
Oscillator Charging Current (pin 8) .................... -SmA 
Junction Temperature 

ML4809M ........................................... 150°C 
ML48091, ML4809C .................................. 125°C 

Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) ................ +260°C 

ELEORICAL CHARAOERISTICS 

Ml4809 

Thermal Resistance (8)A) 
Plastic DIP ..................•..................... 50°C/W 
Ceramic DIP ...................................... 55°C/W 
Plastic Chip Carrier (PCC) ......................... 55°C/W 

OPERATING CONDITIONS 
Temperature Range 

ML4809M ................................ -55°C to +125°C 
ML48091 ................................... -40°C to +85°C 
ML4809C ..................................... O°C to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

Unless otherwise specified, RT = 6.2KO, CT = 1000pF, V(VCO) = VREF, Rl (Pins 7, 13) = SKO, 
TA = Operating Temperature Range, Vee = 1SV. (note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial Accuracy T) = 25°C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vee < 30\1. (note 1) 0.2 2 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

V(VCO) Control Range 1 5.5 V 

Reference Section 

I ML4809C T) = 25°C, 10 = 1mA 5.00 5.10 5.20 V 
Output Voltage I ML4809M, ML48091 5.05 5.10 5.15 V 

Line Regulation 10V < Vee < 30V 2 20 mV 

Load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < T) < 150°C, (note 1) .2 .4 mY/DC 

I ML4809C line, load, temp, (note 1) 4.95 5.25 V 
Total Variation I ML4809M, ML48091 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 IN 

Long Term Stability T) = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Under-Voltage Lockout Section 

Start Threshold V 

UVLO Hysteresis V 

'Micro Linear 6-11 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 6.2KO, CT = 1000pF, V(VCO) = VREF, RL (Pins 7, 13) = SKO, 
TA = Operating Temperature Range, Vee = 1SV. (note 3) 

PARAMETER CONDITIONS MIN 

Error Amplifier Section 

I Ml4B09C 
Input Offset Voltage 

I Ml4B09M, Ml48091 

Input Bias Current 

Input Offset Current 

Open loop Gain 1 < Vo < 4V 60 

CMRR 1.5 < VCM < 5.5V 75 

PSRR 10 < Vcc < 30V BO 

Output Sink Current VPIN 3 = 1V 1 

Output Source Current VPIN 3 = 4V -.5 

Output High Voltage IplN 3 = -O.5mA 4.0 

Output low Voltage IplN 3 = 1mA 0 

Unity Gain Bandwidth (note 1) 3 

Slew Rate (note 1) 6 

PWM Comparator Section 

Pin 10 Bias Current VplN 10 = Ov, VPIN 23 = open, 
VplN 9 = 2V 

Duty Cycle Range 0 

Pin 4 Zero DC Threshold VPIN 7 = OV 1.1 

Delay to Output (note 1) 

Ramp Compensation 

Pin 10 Current V PIN 9 = 2V, RplN 23 = 6.BKO 

Soft-Startl Reset Delay Section 

Charge Current (pin 11) VPIN 11 = 0.5V 3 

Discharge Current (pin 11) VPIN 11 = 1V 1 

Discharge Current (pin 12) VPIN 12 = 1V 3 

Charge Current (Pin 11) VPIN 12 = O.5V 1 

Current limit/ Shutdown Section 

I Ml4B09C OV < VPIN 15 < 4V 
Pin 15 Bias Current I Ml4B09M, Ml4B091 OV < VPIN 15 < 4V 

Current Limit Threshold 1.0 

Shutdown Threshold 1.35 

Delay to Output (note 1) 

Blanker Section 

TBLANK (note 1), RC = 5.1KO, 6BpF 

6-12 'Micro Linear 

TYP MAX UNITS 

15 mV 

10 mV 

.6 3 /lA 

.1 1 /lA 

96 dB 

95 dB 

110 dB 

2.5 mA 

-1.3 mA 

4.7 5.0 V 

0.5 1.0 V 

5.5 MHz 

12 V//ls 

-1 -5 /lA 

75 % 

1.25 V 

50 BO ns 

/lA 

9 20 /lA 

mA 

9 20 /lA 

mA 

+15 /lA 

+10 /lA 

1.1 1.2 V 

1.50 1.65 V 

40 70 ns 

ns 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 6.2KO, CT = 1000pF, V(VCO) = VREF, RL (Pins 7, 13) = SKO, 
TA = Operating Temperature Range, Vcc = lSY. (note 3) 

PARAMETER CONDITIONS MIN TYP 

Output Section 

lOUT = 20mA .25 
Output Low Level 

lOUT = 200mA 1.2 

lOUT = -20mA 13.0 13.5 
Output High Level 

lOUT = -200mA 12.0 13.0 

Collector Leakage Vc = 30V 100 

Rise/Fall Time Cl = 1000pF, (note 1) 30 

Logic Inputs/Outputs 

Pin 24 Threshold (note 2) VREF - .98 

Pin 13 VOH (note 2) VREF - .65 

Pin 13 VOl (note 2) VREF - 1.3 

Supply Current 

Start Up Current Vcc = 8V 1.1 

Icc VP1N 1, 10, 15 = OY, Vp1N 2 = 1Y, 29 
TA = 25°C 

Note 1: This parameter not 100% tested in production but guaranteed by design. 

MAX UNITS 

.4 V 

2.2 V 

V 

V 

500 pA 

60 ns 

V 

V 

V 

2.5 mA 

38 mA 

Note 2: The thresholds on the logic input p,ns are set by a reference generator that is: VTH = V.E• - (1.5 • VBE). The logic outputs sWing from: 
VOH ~ VRE• - VBE to VOl = V.E• - 2 • VBE• VBE is nominally .65V and varoes with temperature. Logic Inputs and outputs WIll track each 
other with temperature variation. 

Note 3: Since the Under Voltage Lockout stan·up threshold IS 16V, the supply is f,rst raIsed to 20V to activate the IC and then lowered to 15V 
to conduct the electrical testing. 

FUNCTIONAL DESCRIPTION 
OSCILlATOR 

The Ml4809 Voltage Controlled Oscillator charges the 
external capacitor (CT) with a current (lCHARGE) equal 
to V(VCO)/RT' When the capacitor voltage reaches the 
upper threshold (Ramp Peak), the comparator changes 
state and the capacitor discharges to the lower 
threshold (Ramp Valley) through Ql. While the 
capacitor is discharging, Q2 provides a high pulse. For 
Fixed Frequency Operation, V(VCO) can be tied to 
VREF. 

The Oscillator period can be described by the 
following relationship: 

T osc = TRAMP + T DEADTIME 

where: TRAMP = C (Ramp Valley to Peak)/lcHARGE 

and: T DEADTIME = C (Ramp Valley to Peak)/IDIS 

An approximate expression for the oscillator 
frequency in fixed frequency operation (where V(VCO) 
= VREF) is: 

2.48 
Fosc=-­

RrCT 

RAMP PEAK -2I2]------- -
Cy 

- ---- --- -
RAMP VAlLEY 

Figure 1. Oscillator Block Diagram 
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Figure 2. TIming Resistance vs Frequency (V(VCO) = 5.1V) 
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Figure 4. Oscillator Deadtime vs Frequency (V(VCO) = 5.1V) 

ERROR AMPLIFIER 

The Ml4809 error amplifier is a 3.5MHz bandwidth 
6V/f.JS slew rate op-amp with provision for limiting the 

4 
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8 
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lK 
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Figure 3. Oscillator Frequency vs V(VCO) 
(RC = 6.2Kn, l000pF) 
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Figure 5. Oscillator Deadtime vs cm (3Kn :$ Rm :$ l00KQ) 

positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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OUTPUT DRIVER STAGE 

The Ml4809 Output Driver is a 2A peak output high 
speed totem pole circuit designed to drive capacitive 
loads, such as power MOSFET transistors. 

I /' 

I V ..... / 
SOU~ r r-

1-""'1 
SINY 

V] 
o 0.5 1.0 1.5 

lOUT IA) 

Figure 8. Saturation Curves 

Figure 9. Simplified Schematic 

SOFT STAR!; CURRENT LIMn; AND RESET DELAY 

The Ml4809 employs two current limits. When the 
voltage at pin 15 (I(LlM)/S.D.) exceeds 1.1V, the outputs 
immediately pull low and the cycle is terminated for 
the remainder of the oscillator period by resetting the 
RS flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 15 
reaches 1.5V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 11) is 
discharged and outputs are held "off" until the voltage 
at pin 11 reaches 1.1V, ensuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 11. 
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Figure lOa. Rise/Fall Time (CL - 1000pF) 
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Figure lOb. Rise/Fall Time (CL = l0000pF) 
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Figure 11. Supply Current vs. li!mperature 

The Ml4809 also includes a delay circuit which inhibits 
the outputs from coming on until a time determined 
by the RESET DELAY capacitor on pin 12. This capacitor 
is normally charged to a voltage equal to VPII.i ',1 - .7V 
and is limited to VREF. After the 1.5V limit is reached, 
the capacitor is allowed to slowly discharge through the 
9jJA current sink. When this capacitor and the Soft Start 
Capacitor both have discharged to 1.1V, the outputs are 
enabled and the new soft start cycle begins. During 
Under Voltage lockout, both capacitors will be 
discharged to prepare for a new cycle. 

Since the emitter follower which drives pin 12 presents 
a load on Pin 11, the Soft Start Capacitor's effective 
value will be increased by: 

CEFFECT = CPIN 11 + (CPIN 12//3) 
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where f3 varies from 50 to 250. Should this cause 
unacceptable variation on the soft start capacitor value, 
this effect can be mitigated by connecting a resistor 
from VREF to pin 11 to charge the Soft Start Cap (select 
a resistor which keeps the charge current below 2mA). 

1.4V - - - - - - - - - - - - - - - - - -

tv 

Figure 12. Normal (Cycle by Cycle) and "Runaway" 
Current Timing 

TURN OFF DRIVERS 
lOGGLE T·FLIP FLOP 

TURN OfF DRIVERS 
INITIATE SOFT STARr 

CYCLE 

Figure 13. Current Limit, Soft Start and Reset Delay 

UNDERVOLTAGE LOCKOUT 

In the circuit in Figure 14, the ML4809 remains in a low 
quiescent drain (1.1mA) during T1 while C1 charges 
through R(S) to 16Y. After Vee rises to 16V the ML4809 
begins running. C1 provides the energy needed to run 
the gate drive and ML4809 until the auxiliary winding 
can provide sustaining energy for the control circuit, 
preventing C1 from draining below the 9V lockout 
threshold. The 7V of hysteresis in the Undervoltage 
Lockout circuit allows the ML4809 to start from a bleed 
resistor/capacitor easily. While the ML4809 is in the 
standby (lockout) condition, OUTA and OUTB will be 
pulled low. 

RAMP COMPENSATION 

In order to allow stable operation of a current mode 
regulator above 50% duty cycle, some of the oscillator 
ramp needs to be added to the current signal. 

Notice that the waveform of (1) and the waveform of 
ramp (2) have different average current values. (1) is an 
example of a waveform for high line and (2) an 
example of low line. Since the controllers all regulate 
based on the peak value of the current in the circuit, 
and the control variable really wants to be the average 
current, adding some of the oscillator ramp to 
comparator input (shown here for clarity as a 
subtraction of the comparator reference input, which is 
the output of the error amplifier) allows the peak 
current control to more closely approximate the 
average current. 

B+ 

+ 

R(SI 

+ 

16V 

9V 

":" 

ML4809 

BRIDGE 

-+I-
RECTIFIER 

":" 

_I­
I 

/+------'T(11 ., Till 

--; 

I 
AUXILIARY I WINDING 

L _ _ ..J 

Figure 14. lYJIicaI Off-Line Start-Up Circuit and Timing 
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In the actual implementation, an external resistor (pin 
23) sets a current which will be equal to VRAMP/R1 and 
will appear on the comparator input pin. Since the 
sense resistor is a low impedance point, putting 
another resistor (R2) in series with the VSENSE pin (10) 
causes a voltage to add to the ramp voltage which is 
equal to VRAMP (R2/R1). 

I 

L 

I 

L 

UNCOMPENSATED 

WITH RAMP COMPENSATION 

Figure 15. The Effect of Ramp Compensation 

TO 
TRANSFORMER 

R2 

RSENSE 

J 

Figure 16. Ramp Compensation and Blanker Block Diagram 

MAIN COMPARATOR BLANKER 

When CMP IN (EA OUT) is at a low level, spikes which 
occur on RAMP (which is connected to a current sense 
resistor or transformer) when the power MOSFETs first 
turn on can cause the cycle to terminate early. The 
result of early termination can cause instabilities. Three 
problems occur which all contribute to this spike. 

1. Inductance in the sense resistor. 

2. Inter-winding capacitance in the transformer. 

3. Reverse recovery current in the rectifier in the 
opposite FET intrinsic diode (or from the secondary 
diodes). 

BlANKER 
DISABLES CQMPARAlOR 

ML4809 

th~-b 
INDUCTANCE DIODE RECOVERY 

osc..--J 

Figure 17. Unintended Early Cyde Termination 

The first two problems usually cause a fairly short spike 
which is easy to filter out with just a simple RC before 
the comparator input without causing unacceptable 
phase delay at the input, since there is not much area 
underneath the spike. The third problem can have 
significant energy, and a filter with a low enough pole 
to reduce the "spike" to a level low enough not to 
cause early cycle termination would cause excessive 
phase shift. 

The solution is to provide a blanking pulse to the 
comparator at the beginning of the cycle. The width of 
this pulse is programmed by an external RC. When 
CLOCK IN is high, a buffer in the ML4809 charges the 
capacitor on pin 14 to 4V. When CLOCK goes low, the 
capacitor discharges through the external resistor. The 
outputs are held low until the voltage at pin 14 falls 
below 3.2V. The buffer driving pin 14 is limited to SmA 
output current. The Blanking period can be calculated 
by the expression: 

T RBLANKCBLANK 
BLANK = 2.83 

SYNCHRONIZATION INPUTS AND OUTPUTS 

When using the Clock (pin 7) or Q (pin 13) outputs, a 
SKO pull down resistor is recommended. These outputs 
are open emitters. Clock has an internal (37SttA) current 
sink load while Q is unloaded. Both will exhibit 
significant timing skew due to PC board capacitance if 
not loaded. 

Clock Output and External Clock Input 

Used to synchronize multiple supplies. For 
synchronized operation of multiple ML4809's, tie the 
CLOCK OUT from the "master" to the CLOCK IN of 
the slaves. 

Toggle Preset and Q Output 

In multiple supply systems, this is important for 
synchronization. To synchronize multiple chips, connect 
the Q output from the "master" ML4809 to the Preset 
Input of the "slave" in a "daisy chain". For non­
synchronized operation this input would be connected 
to GND. 
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OTHER FEATURES 

Fast Shut Down Path from Current Limit to Outputs 

Provides a 30ns path to the outputs which begins to 
turn off the outputs while the longer latching path is 
propogating. In a normal UC1825, it can be as much as 
80ns until the over-current condition shuts down the 
outputs. 

Separate Error Amplifier Output Pin for Loop Filtering 
Versatility 

This is especially useful for: 

1. Diagnostic purposes, to see what the chip is really 
doing, it is useful to break the feedback loop. 

2. High power supplies - current sharing: In system 
design with more than one supply running, in order 
to ensure that the supplies share current equally it is 
often necessary to have a "master" circuit control 
the PWM operation of each of the "slaves". This is 
most easily accomplished by an "or" (where the 
lowest output dominates) of the Error Amp outputs, 
which is impossible if the output of the amp is 
internally connected to the input of the comparator. 

1000 

'" 470 

j 
220 

100 
10 --V 

100 

COLANK (pF) 

/ 

/ 
1000 

Figure 18. TBIANK vs. CBIANK (RBIANK = 5.11<0) 

APPLICATIONS 

Figure 19 shows the ML4809 in a push-pull non-isolated 
application. Note the Schottky Diodes on pins 17 and 
20. These diodes are necessary in order to prevent 
transients from driving these pins negative with. respect 
to GND which would cause the IC to malfunction. 

Care should be exercised in layout: 

1. Avoid Ground Loops. Use "star" grounding. 

2. Bypass the Vee line with a high frequency capacitor 
which is physically close to the Ie. 

3. Avoid running signal lines near power lines. 

4. Employ "ground planing". 

-------.., 
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Figure 19. ML4809 lYPical Application 
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ORDERING INFORMATION 

PARr NUMBER 
Ml480gep 
Ml480geQ 
Ml48091P 
Ml48091Q 
Ml4809M] 

TEMPERATURE 
RANGE 

o·e to +70·e 
o·e to +70·e 
-4o·e to +85·e 
-4Q·e to +85·e 
-55·e to +125·e 

'-Micro Unear 

PACKAGE 

Molded DIP 
Molded pee 
Molded DIP 
Molded pee 
Hermetic DIP 

ML4809 

• 
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'Micro Linear 
May 1990 

PRELIMINARY 

ML4810, ML4811 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The ML4810 and ML4811 High Frequency PWM 
Controllers are optimized for use in Switch Mode 
Power Supply designs running at frequencies to 1MHz. 
The ML4810/11 contain a unique overload protection 
circuit which helps to limit stress on the output 
devices and reliably performs a soft-start reset. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation and slew rate and bandwidth are maximized 
on the error amplifier. These controllers are designed 
to work in either voltage or current mode and provide 
for input voltage feed forward. 

A 1.1V threshold current limit comparator provides a 
cycle-by-cycle current limit. An integrating circuit 
"counts" the number of times the 1.1V limit was 
reached. A soft-start cycle is initiated if the cycle-by­
cycle current limit is repeatedly activated. A reset delay 
function is provided on the ML4811. All logic is fully 
latched to provide jitter-free operation and prevent 
multiple pulsing. An under-voltage lockout circuit with 
7V of hysteresis assures low startup current and drives 
the outputs low during fault condition. 

ML4811 BLOCK DIAGRAM 

The ML4810/11 are fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller can therefore be 
easily implemented. Please refer to the FB3480 
datasheet for more information. These controllers are 
similar to the UC1825 controller, however these 
controllers include many features not found on the 
1825. These features are set in Italics. 

FEATURES 
• Integrating Soft Start Reset 
• High Current (2A peak) Dual Totem Pole Outputs 
• Practical Operation to 1MHz (fosd 
• 5.1Y, ±1% Trimmed Bandgap Reference 
• Under Voltage Lockout with 7V Hysteresis 
• Soft Start Reset Delay (ML4811) 
• Oscillator Synchronization Function (ML4811) 
• Soft Start latch ensures full soft start cycle 
• Outputs pull low for undervoltage lockout 
• Accurately controlled Oscillator ramp discharge 

current 
• All timing currents "slaved" to R(T) for precise control 

ClOCK 

POWER Vc 
16 

OUTA 
14 

OUTB 
17 

POWER GND 
15 

5.1V v.., 19 
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PIN CONNEO"IONS 

ML4810 
16-Pin DIP 

ML4811 
20-Pin DIP 

ML4810, ML4811 

ML4811 
20-Pin PeC 

INV RESET DElAY NI RESET DElAY 

--_....I'" 
lOP VIEW 

5.1V REF 

OUTB 

POWERVe 

PWRGND 

OUTA 

GND 

I(LlM)/S.o. 

NI 

E/A OUT 

RC(RESEJ) 

CLOCK 

Rm 

cm OUlA 

RAMP 

SOFT START 

SYNC 

lOP VIEW 

PI N DESCRIPTION (Pin numbers shown for Ml4811) 

PIN NO. NAME FUNCTION PIN NO. 

INV Inverting input to error amp 11 

2 NI Non-inverting input to error 
amp 

3 EtA Out Output of error amplifier and 12 

input to main comparator 

4 RC(RESET) Timing elements for 
13 Integrating Soft Start reset 

5 ClOCK Oscillator output. 14 

6 R(T) Timing Resistor for Oscillator-
sets charging current for 
oscillator timing capacitor 

15 (Pin 6) 

7 C(T) Timing Capacitor for Oscillator 
16 

8 RAMP Non-Inverting input to main 
comparator. Connected to 

17 C(T) for Voltage Mode 
operation or to current sense 
resistor for current mode 18 

9 SOFT START Normally connected to Soft 19 
Start Capacitor 

10 SYNC A high going pulse terminates 20 
the PWM cycle and discharges 
C(T) 

E/A OUT I INV I S.1V REF 

3 2 1 20 19 
RC(RESETI 18 Vee 

CLOCK 

Rm POWERVe 

cm 

RAMP 14 OUTA 
9 10 11 12 13 

SOFT START I ovp I GND 
SYNC I(LlM)/S.o. 

lOP VIEW 

NAME FUNCTION 

OVP Exceeding 2.5V terminates the 
PWM cycle and inhibits the 
outputs 

l(lIM)tS.D. Current limit sense pin. 
Normally connected to 
current sense resistor 

GND Analog Signal Ground 

OUTA High Current Totem pole 
output. This output is the first 
one energized after Power On 
Reset 

PWR GND Return for the High Current 
Totem pole outputs 

Ve Positive Supply for the High 
Current Totem pole outputs 

OUTB High Current Totem pole 
output 

Vee Positive Supply for the IC 

5.1V REF Buffered output for the 5.1V 
voltage reference 

RESET DELAY Timing Capacitor to determine 
the amount of delay between 
fault 
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ML4810, ML4811 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 18, 16) .......................... 30V lead Temperature (Soldering 10 sec.) ............ +260°C 
Output Current, Source or Sink (Pins 14, 17) Thermal Resistance (BjA) 

DC .................................................. O.SA Plastic DIP ...... w...... .. .. .... . . . ...... ...... 6SoC/W 
Pulse (O.SJ,I5) ........................................ 2.0A Ceramic DIP ................................... 6SoC/W 

Analog Inputs Plastic Chip Carrier (PCC) ..................... 60°C/W 
(Pins 1, 2, 8) ................................ -O.3V to 7V 
(Pins 9, 10, 11, 12, 20) ...................... -0.3V to 6V 

Clock Output Current (Pin 5) . . . . . . . . . . . . . . . . . . .. -SmA 
Error Amplifier Output Current (Pin 3) .............. SmA 

OPERATING CONDITIONS 
Junction Temperature Temperature Range 

Ml4811M ......................................... 150°C Ml4811M ............................. -55°C to +12SoC 
Ml48111, Ml4810C, Ml4811C .................... 125°C Ml4811 I ................................. -40°C to +8SoC 

Storage Temperature Range ........... -6SoC to +1S0°C Ml4810C, Ml4811C ...................... O°C to +70°C 

Absolute maximum ratings are those values beyond which the device could be permanently damaged. Absolute maximum ratings are stress 
ratings only and functional device operation is not implied. Pin numbers given for ML4811. 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS I MIN I TYP I MAX I UNITS 

Oscillator 

Initial Accuracy TJ = 25°C (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vcc < 30V, (note 1) 0.2 2 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp. (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Sync Input Threshold 0.8 1.0 1.2 V 

Sync Input Current VP1N 10 = 4V pA 

Reference Section 

I Ml4810/11C TJ = 25·C, 10 = 1mA 5.00 5.10 5.2 V 
Output Voltage I Ml4811M, Ml48111 5.05 5.10 5.15 V 

line Regulation 10V < Vcc < 30V 2 20 mV 

load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55·C < TJ < 150·C, (note 1) .2 .4 % 

I Ml4810/11C line, load, temp. (note 1) 4.95 5.25 V 
Total Variation I Ml4811M, Ml48111 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

long Term Stability TJ = 125°C, 1000 Hrs (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Under-Voltage Loc!rout Section 

Start Threshold V 

UVlO Hysteresis V 

Supply Current 

Start Up Current Vcc - 8V mA 

Icc VP1N 1, 7, 9 = 0\1, Vp1N 2 = W, TA = 25·C mA 

6-22 'MiCro Linear· 



Ml4810, Ml4811 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 3.65KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V, 

PARAMETER CONDITIONS I MIN lYP MAX I UNITS 

Error Amplifier Section 

I Ml4810l11C 15 mV 
Input Offset Voltage I Ml4811M, Ml48111 10 mV 

Input Bias Current .6 3 flA 

Input Offset Current .1 1 flA 

Open loop Gain 1 < Vo < 4V 60 96 dB 

CMRR 1.5 < VeM < 5.5V 75 95 dB 

PSRR 10 < Vee < 30V 75 90 dB 

Output Sink Current VplN 3 = lV 1 2.5 mA 

Output Source Current VPIN 3 = 4V -.5 -1.3 mA 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output low Voltage IplN 3 = lmA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 V/flS 

PWM Comparator Sectioo 

Pin 8 Bias Current VplN 8 = OV -1 -5 flA 

Duty Cycle Range 0 75 % 

Pin 3 Zero DC Threshold 1.1 1.25 V 

Delay to Output (note 1) 50 80 ns 

Soft-Start Section 

Charge Current (pin 9) VPIN 9 = lV, VPIN 12 = 0, VplN 4 = 0 40 50 60 flA 

Discharge Current (Pin 9) VplN 9 = 3V, VplN 4 > 25 1 5 mA 

VplN 9 = 3V, VplN 12 > 1.65, VPIN 4 < 2 1 5 mA 

Charge Current (Pin 20) VplN 20 = 1V 1 5 mA 

Discharge Current (Pin 20) Requires external discharge resistor 0 flA -Current Limit! Shutdown Section 

I Ml4810/11C OV < VplN 12 < 4V +15 flA 
Pin 12 Bias Current 

I Ml4811M, Ml48111 OV < VPIN 12 < 4V +10 flA 

Current limit Threshold 1.0 1.1 1.2 V 

Reset Threshold (Pin 12) VplN 4 < 2V 1.35 1.50 1.65 V 

Delay to Output (note 1) 40 70 ns 

Pin 4 Charging Current VPIN 12 = 2V 120 150 180 flA 

Restart Threshold (Pin 4) 2 2.45 3 V 

OVP Shutdown Threshold (pin 11) 1.8 2.2 2.6 V 

OVP Input Current VPIN 11 = 3V 40 50 60 flA 

Output Section 

lOUT = 20mA .25 .4 V 
Output low level 

lOUT = 200mA 1.2 2.2 V 

lOUT = -20mA 13.0 13.5 V 
Output High level 

lOUT = -200mA 12.0 13.0 V 

Collector leakage Ve = 30V 100 500 flA 

Rise/Fall Time CL = 1000pF, (note 1) 30 80 ns 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
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ML4810, ML4811 

FUNCTIONAL DESCRIPTION 
SOFT START AND CURRENT LIMIT - INTEGRATING 
SOFT START RESET 

The ML4810111 offers a unique system of fault detection 
and reset. Most PWM controllers use a two threshold 
method which relies on the buildup of current in the 
output inductor during a fault. This buildup occurs 
because: 

1. Inductor di/dt is a small number when the switch is 
off under load fault (short circuit) conditions, since 
VL is small. 

2. Some energy is delivered to the inductor since the 
IC must first detect the over-current because there is 
a finite delay before the output switch can turn off. 

--SWITCH CURRENT 
---DIODE CURRENT 

Figure 1. Current Waveforms for Slow Turn-Off System 
with Load Fault 

This scheme was adequate for controllers with longer 
comparator propagation delays and turn-off delays than 
is desirable in a high frequency system. For systems 
with low propagation delays, very little energy will be 
delivered to the inductor and the current "ratcheting" 
described above will not occur. This results in the 
controller never detecting the load fault and continuing 
to pump full current to the load indefinitely, causing 
heating in the output rectifiers and inductor. 

--SWITCH CURRENT 
- - - DIODE CURRENT 

Figure 2. Current Waveforms for High Speed System with 
Load Fault 

A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 

When the switch current crosses the t1V threshold A1 
signals the F1 to terminate-the cycle and sets F3, which 
is reset at the beginning of the PWM cycle. The output 
of F3 turns on a current source to charge C2. When, 
after several cycles, C2 has charged to 2.4SY, AS turns 
on F2 to discharge soft start capacitor Ct Charge is 
continually bled from C2 by R1. If a current surge is 
short lived (for instance a disk drive start-up or a board 
being plugged into a live rack) the control can "ride 

FROM OSc. 

v+ '"L..n.-

Lf-H---I Q R I---l-<i~ FROM OSC. 

F3 ::JLJl \ 

Figure 3. Integrating Soft Start Reset 

out" the surge with the switch protected by the cycle 
by cycle limit. R1 and C1 can be selected to track 
diode heating, or to ride out various system surge 
requirements as required. 

If the high current demanded is caused by a short 
circuit, the duty cycle will be short and the output 
diodes will carry the current for the majority of the 
PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 

1(1) 

V(1)I= _ ~~- - _ ~_ ..... ___ '" 

Figure 4. Switching Current and Pin 4 Voltage - Normal 

bj-::"""-- rt~---- ---1(1) - -_ 

_I 1_ ---

V(l) 

Figure 5. Switching Current and Pin 4 Vohage - Load Fault 
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OSCILLATOR 

The ML4811 oscillator charges the external capacitor 
(CT) with a current (lSET) equal to 3/RT. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. A discharge of the oscillator can be initiated 
by applying a high level to the Sync pin. A short pulse 
of a frequency higher than the oscillator's free running 
frequency can be used to synchronize the ML4811 to 
an external clock. The pulse can be equal to the 
desired deadtime (To) or the deadtime can be 
determined by 1015 and CT, whichever is greater. 

The Oscillator period can be described by the 
following relationship: 

where: 
and: 

T OSC = TRAMP + T OEADTIME 

TRAMP = C (Ramp Valley to Peak)/ISET 
T OEAOTIME = C (Ramp Valley to Peak)IIQl 

r--- ---- - - ----- ----, 

~NC 10~--------------~ 

ISET 
+--

CLOCK 

I 
I 
I 

3V 

5V 

7~--~~~~~~ 
I 
I 
I 
I 
I 
I 
I 
I _ I 
L ____________________ ~ 

----InL.....--_n 
10--11_ 

AAMPP~K-~--~---~--

AAMP VALLEY :T/. ___ ~ ___ j __ 

Figure 6. Simplified Oscillator Block Diagram and Timing 

100 lK 10K lOOK 1M 

FREQ (Hz) 

Figure 7. Oscillator Tming Resistance \'So Frequency 

ML4810, ML4811 
1&0 

1.0nF V 140 

~ ,120 

470pF V 
100 

80 
10K lOOK 1M 

FREQ (Hz) 

Figure 8. Oscillator Deadtime vs Frequency 

4.70 / 
2.20 L 

lL 
V 

V 
/V 

1.00 

.= 0.47 

0.22 

0.10 

0.047 
0.47 1.0 2.2 4.7 10.0 22 47 100 

CT (nF) 

Figure 9. Oscillator Deadtime vs cm (3:::; Rm :::; l00Kn) 

ERROR AMPLIFIER 

The ML4811 error amplifier is a 5.5MHz bandwidth 
12V/jJSec slew rate op-amp with provision for limiting 
the positive output voltage swing (Output Inhibit line) 
for ease in implementing the soft start function. 

VIN f lL '-\ 
I) V~UT I~ 

t-Y L_ 
i" t-

1 
o 0.2 0.4 0.6 0.8 1.0 

TIME Ips) 

Figure 10. Unity Gain Slew Rate 

100 

80 

~ 40 

il= 20 

-20 

~ 
"", 

K" 
~ 
~ 

~ 0 
-90 

I~I' 
-180 

100 lK 10K lOOK 1M 10M 100M 

FREQ (Hz) 

Figure 11. Open Loop Frequency Response 
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ML4810, ML4811 

OUTPUT DRIVER STAGE 

The ML4811 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

r---------------. 
Vee I 

I 

I 
I 
I I _ I L _______________ ~ 

Figure 12. Simplified Schematic 

/v 
V /' V 

sou~ ~ -/' 
I 

/SINK 

~ 
o 

o 0.5 1.0 1.5 

lOUT IN 

Figure 13. Saturation Curves 

ORDERING INFORMATION 

PARr NUMBER 

ML4810CP 
ML4811CP 
ML4811CQ 
ML4811IP 
ML4811IQ 
ML4811MJ 

OUT 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
-40°C to +85°C 
-55°C to +125°C 

./\ 
~ 15 

~ 10 

\ 
( \ 

\ 
o J 

o 40 80 120 160 200 

TIME (ns) 

0.2 
IL IN 

o 

-0.2 

Figure 14. Rise/Falllime (CL = 1000pF) 

~ 15 

~ 10 

2 

J "- IL IN 

\ / 
/ \ 

-2 

j \ 
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TIME (ns) 

Figure 15. Rise/Faillime (CL - 10,OOOpF) 

45 

40 

"i 35 
30 
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~ 15 

I 10 

~ 5 

o 

I'--
r-

-.. - r--
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TEMPEIWlJRE (00 

Figure 16. Suppy Current \'So Temperature 

PACKAGE 

16-Pin MOLDED DIP 
20-Pin MOLDED DIP 
20-Pin MOLDED PCC 
20-Pin MOLDED DIP 
20-Pin MOLDED PCC 
20-Pin HERMETIC DIP 
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GENERAL DESCRIPTION 
The ML4812 is designed to optimally facilitate a "boost" 
type power factor correction system. Special care has 
been taken in the design of the ML4812 to increase 
system noise immunity. The circuit includes a precision 
reference, multiplier, error amplifier, over-voltage 
protection, ramp compensation, as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4812 functions as a 
current mode regulator. The current which is 
necessary to terminate the cycle is a product of the 
sinusoidal line voltage times the output of the error 
amplifier which is regulating the output DC voltage. 
Ramp compensation is programmable with an external 
resistor, to provide stable operation when the duty 
cycle exceeds 50%. 

BLOCK DIAG RAM (Pin Out shown is for DIP) 

OVP 
5 

1 
5V 

I(SENSE) 

MULTIPLIER 

EA OUT 

INV 

5V j I(EA) 

I(SINE) -.. 

RAMPCOMP~+-----------------~ 

16 
cm~------------~=t-, 

Rm -'.+----------------1 

• I(MUU) oc I(SINE) x I(EA) - [I(RAMP COMP) ~ 21 

July 1990 
PRELIMINARY 

ML4812 

Power Factor Controller 

FEATURES 
• Precision buffered 5V reference (±O.5%) 
• Current Input Multiplier reduces external 

components and improves noise immunity 
• Programmable Ramp Compensation circuit 
• 1A Peak Current Totem-Pole Output Drive 
• Over-Voltage comparator eliminates output 

"runaway" due to load removal 
• Wide common mode range in current sense 

comparators for better noise immunity 
• Large oscillator amplitude for better noise immunity 

10 
SHUTDOWN 

Q 12 
OUT 

11 
PWR GND 

UNDER 
14 

5V VREF 
VOLTAGE 

LOCKOUT 13 
Vee 

32V 

"::" 

15 
SIGNAL GND 

+5V 

~ 
9 

CLOCK 

lK 

PATENTED 
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ML4812 

PIN CONNEcrlONS 

Ml4812 
16-Pin DIP 

I(SENSE) 

MULTIPlIER SIGNAL GND 

EA OUT 

INV 

OVP 

I(SINE) 

RAMP COMP SHUTDOWN 

Rm 

TOP VIEW 

PIN DESCRIPTION (DIP) 
PIN NO. NAME FUNCTION PIN NO. 

I(SENSE) Input from the Current 8 
Sense Transformer (T1) to the 
PWM comparator (+). 

2 MUlTIPLIER Output of Cwrent Multiplier. 
A resistor to ground on this 9 
pin converts the current to a 

10 voltage. This pin is clamped 
to SV and tied to the PWM 
comparator (-). 

3 EA OUT Output of error amplifier. 11 

4 INV Inverting input to error 
12 amplifier. 

S OVP Input to over voltage 
13 comparator. 

6 I(SINE) Current Multiplier Input. 14 

7 RAMP COMP Buffered output from the 
lS Oscillator Ramp [C(T)]. A 

resistor to ground sets the 16 
current which is internally 
SiJ btracted from the product 
of I(SINE) and I(EA) ir. the 
multiplier. 

Ml4812 
20-Pin pee 

I(SENSE) cm 

MULTIPLIER I NC I SIGNAL GND 

3 2 1 20 19 
EA OUT 18 5V VR" 

INV 17 Vee 

NC 16 NC 

OVP 15 OUT 

I(SINE) 14 PWR GND 
9 10 11 12 13 

RAMP COMP I NC I SHUTDOWN 

Rm, CLOCK 

TOP VIEW 

NAME FUNCTION 

R(T) Oscillator timing resistor pin. 
A SV source sets a current in 
the external resistor which is 
mirrored to charge cm. 

CLOCK Digital clock output. 

SHUTDOWN A TTL compatible low level 
on this pin turns off the 
output. 

PWR GND Return for the High Current 
Totem pole output. 

OUT High Current Totem pole 
output. 

Vee Positive Supply for the Ie. 

SV VREF Buffered output for the SV 
voltage reference. 

SIGNAL GND Analog signal ground. 

C(T) Timing Capacitor for the 
Oscillator. 

6-28 '-Micro Linear 



Ml4812 

ABSOLUTE MAXIMUM RATINGS 
Supply Current (led ............................... 30mA Thermal Resistance (B]A) 
Output Current, Source or Sink (Pin 12) Plastic Chip Carrier (PCC) - Q .............. 60°C/W 

DC .................................................. 1.0A Plastic DIP - P ................................ 65°C/W 
Output Energy (capacitive load per cycle) ........... 5tJJ Ceramic DIP - J .............................. 65°C/W 
Multiplier I(SINE) Input (pin 6) ..................... 1.2mA 
Error Amp Sink Current (pin 3) ................... 10mA OPERATING CONDITIONS 
Oscillator Charge Current ........................... 2mA 
Analog Inputs (pins 1, 4, 5) ................ -O.3V to 5.5V Temperature Range 
Junction Temperature .............................. 150°C ML4812C .................................. O°C to +70°C 
Storage Temperature Range ........... -65°C to +150°C ML48121 ................................. -40°C to +85°C 
Lead Temperature (soldering 10 sec.) ............ +260°C ML4812M ............................. -55°C to +125°C 

Absolute maximum ratings are those values beyond which the device could be permanently damaged. Absolute maximum ratings are stress 
ratings only and functional device operation IS not Implied. 

ELECTRICAL CHARACTERISTICS Unless otherwise specified, RT = 14K(}, CT = 1000pF, 
TA = Operating Temperature Range, Vee = 15V (note 2), Pin numbers refer to 16-pin DIP package. 

PARAMETER CONDITIONS MIN TYP 

Oscillator 

Initial Accuracy TJ = 25°C 91 98 

Voltage Stability 12V < Vcc < 18V 0.3 

Temperature Stability 2 

Total Variation line, temp. 90 

Ramp Valley to Peak 3.3 

R(T) Voltage 4.8 5.0 

TJ = 25°C, V PIN 16 = 2V Z8 8.4 
Discharge Current (pin 8 open) 

VPIN 16 = 2V Z3 8.4 

Clock Out Voltage low RL = 16KO 0.2 

Clock Out Voltage High RL = 16KO 3.0 3.5 

Reference Section 

Output Voltage TJ = 25°C, 10 = 1mA 4.95 5.00 

line Regulation 12V < Vcc < 25V 2 

load Regulation 1mA < 10 < 20mA 2 

Temperature Stability 0.4 

Total Variation line, load, temp 4.9 

Output Noise Voltage 10Hz to 10KHz 50 

long Term Stability TI = 125°C, 1000 Hrs (note 1) 5 

Short Circuit Current VREF = OV -30 -85 

Error Amplifier Section 

Input Offset Voltage 

Input Bias Current -0.1 

Open loop Gain 1 < VplN 3 < 5V 60 75 

PSRR 12V < Vcc < 25V 60 75 

Output Sink Current VplN 3 = 1.1Y, VplN 4 = 6.2V 2 12 

Output Source Current V PIN 3 = 5.0Y, V PIN 4 = 4.8V -0.5 -1.0 

Output High Voltage IplN 3 = -O.5mA, VPIN 4 = 4.8V 5.3 5.5 

Output low Voltage IplN 3 = 1mA, VplN 4 = 6.2V 0.5 

Unity Gain Bandwidth 1.0 

Jr~Micro Linear 

MAX UNITS 

105 KHz 

% 

% 

108 KHz 

V 

5.2 V 

9.0 mA 

9.3 V 

0.5 V 

V 

5.05 V 

20 mV 

20 mV 

% 

5.1 V 

flV 

25 mV 

-180 mA 

±15 mV 

-1.0 flA 

dB 

dB 

mA 

mA 

V 

1.0 V 

MHz 
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ML4812 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2), 
Pin numbers refer to 16-pin DIP package. 

PARAMETER CONDITIONS MIN lYP MAX 

Multiplier 

I(SINE) Input Voltage I(SINE) = 500JlA .4 .7 .9 

I(SINE) = 500JlA, PIN 4 = VREF - 20mV 460 480 510 

I(SINE) = 500JlA, PIN 4 = VREF + 20mV 3 10 
Output Current (pin 2) 

I(SINE) = 1mA, PIN 4 = VREF - 20mV 900 950 1020 

I(SINE) = 500JlA, PIN 4 = VREF - 20mY, IplN 7 = 50JlA 455 

Bandwidth 200 

PSRR 12V < Vcc < 25V 70 

OVP Comparator 

Input Offset Voltage Output Off -25 +5 

Hysteresis Output On 95 105 115 

Input Bias Current -0.3 -3 

Propagation Delay 150 

PWM ,Comparator: I(SENSE) 

Input Offset Voltage ±15 

Input Offset Current ±1 

Input Common Mode Range -0.2 5.5 

Input Bias Current -2 -10 

Propagation Delay 150 

ILiMIT Trip Point VPIN 2 = 5.5V 4.B 5 5.2 

Output Section 

lOUT = -20mA 0.1 0.4 
Output Voltage Low 

lOUT = -200mA 1.6 2.2 

lOUT = 20mA 13 13.5 
Output Voltage High 

lOUT = 200mA 12 13.4 

Output Voltage Low in UVLO lOUT = -10mA, Vee = BV 0.1 0.8 

Output Rise/Fall Time CL = 1000pF 50 

VIH 2.0 

VIL 0.8 
Shut Down Input 

111-' VPIN 10 = OV -1.5 

IIH, VPIN 10 = 5V 10 

Under-Voltage Lockout 

Start-Up Threshold 15 16 17 

Shut-Down Threshold 9 10 11 

VREF Good Threshold 4.4 

10tal Device 

~tart-Up, y~e = 14V,TJ :: ~~o~ .8 1.2 
S:.:pply C:': •• c"t - -- ---" c---- ---- ----

Operating, TJ = 25°C 20 25 

Internal Shunt Zener Voltage Icc = 30mA 25 30 34 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-Up Threshold first to activate the Ie, then returned to 1S\f. 
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FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The ML4812 oscillator charges the external capacitor 
(CT) with a current (15fT) equal to 5/RSfT. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

T OSC = TRAMP + T DEADTIME 
where: 

T _ CT x VRAMP VALLEY m PEAK 
RAMP -

15fT 
and: 

T _ CT x VRAMP VALLEY TO PEAK 
DEADTIME - 8.4mA - 15fT 

ISH ,--------------, 
I I 

,---'Vv.--j 8 5V 

I 

I 

I .". I L ______________ ..J 

CLOCK n~n 
To--II-

RAMP PEAl( -;;; - -~- - - -~- --

RAMPVALLEY _L ____ V __ - \--

Figure 1. Oscillator Block Diagram 
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- - - MAX DUTY CYCLE 

Figure 2. Oscillator Timing Resistance vs. Frequency 

ML4812 

OUTPUT DRIVER STAGE 

The ML4812 Output Driver is a lA peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 
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f' 
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TA - 25'C-

/ I 
V/ SINK SATURATION 

(LOA~ TO Vel) fND\ 
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10, OUTPUT LOAD CURRENT (rnA) 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4812 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 

r----------------, 
+5V +8V 

.5mA I 

I 
L ________________ J 

Figure 4. Error Amplifier Configuration 
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Figure 5. 
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Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 
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MULTIPllE~ 

The ML4812 multiplier is a linear current input 
multiplier to proviqe high immunity to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way, small amounts of ground 
nqise produce an insignificant effect on the reference 
to the PWM comparator. 

The output of the multiplier is a current proportional to: 

lOUT oc I(SINE) x I(EA) 

where I(SINE) is the current in the dropping resistor, 
and I(EA) is a current proportional to the output of the 
error amplifier. When the error amplifier is saturated 
high, the output of the multiplier is approximately 
equal to the I(SINE) input current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier qutput. The 
multiplier output is clamped to SV to provide current 
limiting. 

Ramp compensation is accomplished by subtracting 1/2 
of the current flowing out of pin 7 through a buffer 
transistor driven by cm which is set by an external 
resistor. 

500 

ERROR CURRENT 
r--- -----------, 

9V 

I(SINE) x 
ERROR CURRENT -
I(RAMP COMP)/2 

I I 
L ___ : ___________ ~ 

5V 

Figure 6. Multiplier Block Diagram 
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Figure 7. Multiplier Linearity 
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UNDER VOLTAGE LOCKOUT 

On power-up the ML4812 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vee reaches 16V. When 
Vee drops below 10Y, the UVLO condition is imposed. 
During the UVLO condition, the SV VREF pin is "off'; 
making it usable as a "flag" for starting up a down­
stream PWM converter. 

>--~0----""'5V VREF 

Vee 

Figure 8. Under-Voltage Lockout Block Diagram 
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Figure 9a. Total Supply Current vs. Supply Voltage 
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Figure 10. Reference Load Regulation 

APPLICATIONS 
INPUT INDUCTOR (L1) SELECTION 

100 120 

The central component in the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 
size. 

One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 

For the boost converter at steady state: 

VIN 
VOUT =--- (1) 

1 - DON 

Where DON is the duty cycle [TON/IT ON + T OFF)]. The 
input boost inductor will dry out when the following 
condition is satisfied: 

or 

VINDRY = [1 - DON (max)] x VOUT 

VINDRY: Voltage where the inductor dries out. 
VOUT: Output dc voltage. 

(2) 

(3) 

ML4812 

Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt­
seconds. In energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out . 

The recommended maximum duty cycle is 95% at 
100KHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: VOUT = 380V and 
DON (max) = 0.95 

then substituting in (3) yields VINDRY = 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 

Step 1: Find minimum operating current. 

1.414 x PIN(min) 
IIN(min)PEAK = ___ ...::...:.._-c. 

VIN(max) = 260V 
PIN(min) = 50W 

VIN(max) 

then: IIN(min)PEAK = 0.272A 

(4) 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the _ peak current 
found in step 1 was chosen. 

then: IwRY = 100mA 

Step 3: The value of the inductance can now be found 
using previously calculated data. 

VINDRY x DON(max) 
L1 = (5) 

'WRY x fosc 
20V x 0.95 

------=2mH 
100mA x 100KHz 

The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement is that the ramp compensation must 
be adequate for the lower inductance value of the core 
so that ther~ is adequate compensation at high current. 
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Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of L1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4229PLOO-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180" for this 
application. 

OSCILlATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 

1.36 
fose = --- (6) 

Rr x Cr 

For example: 

Step 1: At 100KHz with 95% duty cycle TOFF = 500ns 
calculate Cr using the following formula: 

Cr = TOFF x IDIS = 1000pF (7) 
Vase 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 
Rr= -------

fose x Cr 100KHz x 1000pF 

= 13.6KO choose Rr = 14KO. 

(8) 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4812 is provided 
internally. Rather than adding slope to the noninverting 
input of the PWM comparator it is actually subtracted 
from the voltage present at the inverting input of the 
PWM comparator. The amount of slope compensation 
should be at least 500,(, of the downslope of the 
inductor current during off time as reflected to the 
inverting input of the PWM comparator. Note that 
slope compensation is required only when the inductor 
current is continuous and the duty cycle is more than 
50%. The downslope of the inductor current at the 
verge of discontinuity can be found using the 
expression given below: 

diL = Your - VIN DRY _ 380V - 20V 

dt L 2mH 
(9) 

= 0.18 NJlS 

The downslope as reflected to the input of the PWM 
comparator is given by: 

Your - VIN DRY SpWM="""::::':::":"'-"'::":"= 
L 

Rs 
x-

Ne 
(10) 

ML4812 

Where Rs is the current sense resistor and Ne is the 
turns ratio of the current transformer (T1) used. In 
general, current transformers simplify the sensing of 
switch currents especially at high power levels where 
the use of sense resistors is complicated by the amount 
of power they have to dissipate. Normally the primary 
side of the transformer consists of a single turn and the 
secondary consists of several turns of either enameled 
magnet wire or insulated wire. The diameter of the 
ferrite core used in this example is OS (SPANG/Magnetics 
F41206-TC). The rectifying diode at the output of the 
current transformer can be a 1N4148 for secondary 
currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4812. 

The value of the ramp compensation (SCPWM) as seen 
at the inverting terminal of the PWM comparator is: 

2.5 x ~ 
SCPWM = (11) 

Rr x Cr x Rse 

The required value for Rse can therefore be found by 
equating: 

SCPWM = Ase x SPWM 

where Ase is the amount of slope compensation and 
solving for Rse. 

The value of ~ (pin 2) depends on the selection of Rp 
(pin 6) 

VIN(max)PEAK 260 x 1.414 
Rp = = 750K 

ISINElpeak) 0.5mA 

VeLAMP x Rp 4.9 x 750K 
RM = = 28.8K 

VIN(min)PEAK 90 x 1.414 

The peak of the inductor current can be found 
approximately by: 

(12) 

(13) 

1.414 x Pour 1.414 x 200 
ILPEAK =. = 3.14A (14) 

VIN(mln)RMS 90 

Selection of Ne which depends on the maximum 
switch current, assume 4A for this example is 80 turns. 

VelAMP x Ne 4.9 x 80 
Rs = = -- = 1000 (15) 

I LPEAK 4 

Where Rs is the sense resistor, and VelAMP is the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V. In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application VelAMP was 
chosen as 4.9V. 

Having calculated Rs the value SPWM and of Rse can 
now be calculated: 

380V - 20 100 
SPWM = x - = 0.225V1J1S 

2mH 80 
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2.5 x RM 
~- ~ 

Ase x SPWM x RT x CT 
2.5 x 28.8K 

Rse = = 33K 
0.7 x (.225 x 106) X 14K x 1 nF 

The following values were used in the calculation: 

RM = 28.8K 
RT = 14K 

Asc = 0.7 
CT = 1nF 

VOIJ'AGE REGULATION COMPONENTS 

The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately O.5tJA, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be O.4W then with 
380V output voltage the value can be calculated as 
follows: 

R1 = (380Vj2/0.4W = 360K (17) 

Choose two 178K, 1% connected in series. 

Then R2 can be calculated using the formula below: 

VREF )( R1 5V x 356K 
R2 = = 4.747K (18) 

VOUT - VREF 380V - 5V 

Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 

1 
~= ~ 

3.142 )( R1 )( BW 

1 
CF = = O.44tJF 

3.142 )( 356K x 2Hz 

OVERVOIJAGE PROTECTION (OVP) COMPONENTS 

The OVP loop should be set so that there is no 
interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above VOUT 
seems tc be adequate. This sets the maximum transient 
output voltage to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. ~ = 356K then Rs 
can be calculated as: 

VREF )( ~ 5V )( 356K 
Rs = = = 4.564K (20) 

Vovp - VREF 395V - SV 

Choose 4.53K, 1%. 

Note that R1, R:z, ~ and Rs should be tight tolerance 
resistors such as 1% or better. 

CONTROLLER SHUTDOWN 

The ML4812 provides a shutdown pin which could be 
used to shutdown the Ie. Care should be taken when 
this pin is used because power supply sequencing 
problems could arise if another regulator with its own 
bootstrapping follows the ML4812. In such a case a 
special circuit should be used to allow for orderly start 
up. One way to accomplish this is by using the 
reference voltage of the ML4812 to inhibit the other 
controller IC or to shut down its bias supply current. 

OFF-LINE STARr-UP AND BIAS SUPPLY GENERATION 

The ML4812 can be started using a "bleed resistor" 
from the high voltage bus. After the voltage on pin 13 
(Vecl exceeds 16V, the IC starts up. The energy stored 
on the 330tJF, C15, capacitor supplies the IC with 
running power until the supplemental winding on L1 
can provide the power to sustain operation. 

The values of the start-up resistor R10 and capacitor 
C15 may need to be optimized depending on the 
application. The charging waveform for the secondary 
winding of L1 is an inverted chopped sinusoid which 
reaches its peak when the line voltage is at its 
minimum. In this example, C9 = .1tJF, C15 = 330tJF, 
D8 = 1 N4148 R10 = 39K, 2W. 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
IEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 

CONSTRUCTION AND lAYOUT TIPS 

High frequency power circuits require special care 
during breadboard construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FEl; output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
D5, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 
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The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FIT. The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor (CH in Figure 11). 

ML4812 

The IC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 

Component Values/Bill of Materials for Figure 11 

Reference Description Reference Description 

C1, C4 1pF, 630V Film (250 VAC) Q2 LM7815CT 

C3, CH 6.8nF 1 KV Ceramic disk Q3 2N2222 or equivalent 

C5, C6 680pF 200V Electrolytic R1A, R1B, R4A, R4B 180KO 

C8, C9 :1pF SOV Ceramic R2A, RSA 10KO TRIMPOT BOURNS 3299 

C10, C19 1pF 50V Ceramic or equivalent 

C11 .000pF 50V Ceramic R2B, RSB 3.9KO 

C15 330pF 25V Electrolytic R3, R13 22KO 

C16 100pF 25V Electrolytic 
R6, R7; RPB 150KO 

C17 10pF 25V Electrolytic R10 39KO,2W 

CF .47pF 50V Ceramic 
R11 33KO 

CT .002pF 50V Ceramic R12 1KO 

01, 02, 03, 04, 010 1 N5406 (Motorola) RG 100 

05 MUR850 (Motorola) RM 27KO 

06,08,09, 1N4148 
RPA, R15 360KO 

011, 012, 013 RS 1000 

F1 5A 250V 3AG with clips RSC 33KO 

IC1 Ml4812CP (Micro linear) RT 7.5KO 

l1 2mH, 4A IpEAK (see below) T1 SPANG F41206·TC 

Q1 IRF840 or MTPN8N50 Ns = 80, Np = 1 (see attached) 

Notes: All resistors 1/4W unless otherwIse specified. Some reference designators are skipped (e.g. C2, C12, etc.) and do not appear on the 
schematic. These deSIgnators were used on previous revisions of the board and are not used on this revision. AddItional information 
on key components is Included in the attached appendix. 

'-Micro Linear 6-37 

-



ML4812 

Magnetics Tips (Refer to Figure 11) 

l1 - Main inductor: 

One of several toroidal cores can be used for l1: 

Material Manufacturer 

Powdered Iron Micrometals 

Powdered Iron Micrometals 

Molypermalloy SPANG (Mag. Inc.) 

The T184-40 core above is the most economical, but 
has lower inductance at high current. This would yield 
higher ripple current and require more line EMI 
filtering. The value for RSC (slope compensation resistor 
on Pin 7) was calculated for the T225-8/90 and should 
be recalculated for other inductor characteristics. 
Selected pages of the Micrometals iron powder core 
data sheets are attached for your convenience. The 
core manufacturer also has additional applications 
literature available. 

A gapped ferrite core can also be used in place of the 
powdered iron core. One such core is a Ferroxcube 
core #4229PlOO-3C8. This is an un-gapped core. Using 
145 turns of #24 AWG wire, a total air gap of .180" is 
required to give a total inductance of about 2mH. Since 
1/2 of the gap will be on the outside of the core and 
1/2 the gap on the inside, putting a .09" spacer in the 
center will yield a .180" total gap. To prevent leakage 
fields from generating RFI, a shorted turn of copper 
tape should be wrapped around the gap as shown 
below: 

.09' GAP 

For production, a gapped center leg can be ordered 
from most core vendors, eliminating the need for the 
external shorted copper turn when using a pot core. 

Part # Tums (#24AWG) 

T225-8/9O 200 

T184-40 120 

58076-A2 (high flux) 180 

11 - Sense Transformer 

In addition to the core type mentioned in the parts list, 
the following Siemens cores should be suitable for 
substitution and may be more readily available in 
Europe. 

Material Size Code Part # 

N27 R16/6.3 B6429O-K45-X27 

N30 R16/6.3 B64290-K45-X830 

The N27 material is for high frequency and will work 
better above 100kHz but both are adequate. In 
addition, Ferroxcube/Phillips Magnetics core 768T188-
3C8 can be used. 

U.S, Core Vendors: 

Manufacturer Phone Number 

SPANG/Magnetics Inc. (412) 282-8282 

Micrometals (800) 356-5977 

Ferroxcube/Phillips Magnetics (818) 998-7311 
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Vz l 
3.5V l 

01 .................................................................. ~ ................ : 

1 NS406 
11-_ 
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IN 
Cl IC2 IC3 lJlF lJlF lJlF 
SOOV soov soovi 
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NOTES: 
1. All UNSPECIFIED DIODES ARE 1 N4148. 
2. All UNSPECIFIED RESISTORS ARE 114 WAn 

R1A 
180K 

R1B 
180K 

CF 

R2A 
SK 

R4A 
lOOK 

R4B 
180K 

RSA 
SK 

R2B < RSB 
3K 53K 

3. All UNSPECIFIED CAPi'£ITOR VOlTAGE RATINGS ARE SOY. 

RPA 
360K 

RPB I 
lS0K 

RSC 
SlK 

4. ADJUST R2A AND RSA WITH CAUTION TO AVOID OVER VOlTAGE CONDITIONS. 

Q3 ~ 2N2222 OR EQUIVALENT 

II 

22K 

GND 

AI' INITIAl TURN·ON TO CHECK 
THE IC FOR PROPER OPERAfION, 
APPLY = 16VDC. 

VOUT 

FIXED RESISTORS CAN BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1 % STANDARD 
RESISTORS THAI' Will FORCE THE CORRECT 
OUTPUT VOlTAGES R1A, R18, R4A, R4B = 178K 1% 
R2B = 4.7SK 1%, RSB "" 4.S3K 1%. 
USE JUMPERS INSTEAD OF R2A AND RSA (POTS) . 

... FOR HIGHER POWER USE MORE Vee DECOUPLING. 
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ORDERING INFORMATION 
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PART NUMBER 

Ml4812CP 
Ml4812CQ 
Ml48121P 
Ml48121Q 
Ml4812MJ 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
-40°C to +85°C 
-55°C to +125°C 

'Micro Linear 

PACKAGE 

MOLDED DIP 
MOLDED PCC 
MOLDED DIP 
MOlDED PCC 
HERMETIC DIP 



November 1990 

'Micro Linear ML4812-EVAL 

Power Factor Controller Evaluation Kit 

GENERAL DESCRIPTION FEATURES 
• Power factor> .99 The ML4812 EVAL kit provides a convenient vehicle to 

evaluate the ML4812 Power Factor Correction circuit. 
The board implements a 200W "boost" type power 
factor correction system. Special care has been taken 
in the layout of this PC board to provide adequate 
space for probes and a large area for ground plane to 
increase system noise immunity. 

• Harmonic currents well below proposed IEC555-2 
limits 

• 90 to 265VAC input, 380V output to 200W 
• 380VDC output to 200W 
• Over-Voltage Protection 
• Peak Current sense circuit protects Power MOSFET 

This kit includes a blank PC board, schematic of a 
complete power factor correction system and 
specifications for the key external components 
necessary to build a prototype Power Factor 
Correction front end. The unit is designed to operate 
over a 90VAC to 265VAC line range and can run from 
no load to a full 200W. Higher power levels can be 
achieved using this board by using larger external 
components. 

This boost mode converter is set to run with a 380V 
output and achieves power factors of better than .99 
over a wide range of input line and output load. 

BLOCK DIAGRAM 

ML4812 
POWER 
FACTOR 

CONTROLLER 

• PC board and ML4812CP controller included 
• Line and load regulation better than 2% 
• Complete documentation and applications 

information 

'SENSE 

• Vou,..1 

PWM 
I CONVERrER 
I 

• VOUT-l 

IL..-__ .... 
I 
I 

• 
r .., 
I I 
I LOAD' 
I I 

L J 

• 

ML4812 EVAlUATION BOARD I 
I L __________________________ ~ 
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PRELIMINARY 

ML4813 

Flyback Power Factor Controller 

GENERAL DESCRIPTION 
The ML4813 is designed to optimally facilitate a 
discontinuous "flyback" or "buck-boost" type power 
factor correction system for low power, low cost 
applications. Special care has been taken in the design 
of the ML4813 to reject system noise. The circuit 
includes a precision reference, oscillator, error 
amplifier, over-voltage comparator, over-current 
comparator, and an extra op-amp as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4813 functions as a 
voltage mode regulator. By maintaining a constant duty 
cycle, the current follows the input voltage, making the 
impedance of the entire circuit appear purely resistive. 
With the flyback circuit, power factors of .99 are easily 
achievable with a small output inductor and a 
minimum of external components. 

BLOCK DIAGRAM (Pin out shown is for DIP) 

FEATURES 
• Precision buffered SV reference (±1%) 
• Extra op-amp for output voltage instrumentation 

amplifier 
• Over Current comparator for s'vitch protection 
• Soft Start and 6V hysteresis under-voltage lockout 

for easy low surge off-line starting 
• 1 A Peak Current Totem-Pole Output Drive 
• Over-Voltage comparator eliminates output 

"runaway" due to load removal 
• Large oscillator amplitude for better noise 

immunity 

APPLICATIONS 
• PC power supplies 
• Lamp Ballasts 

r····················································· ........................................................................................................ ~ 
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PIN CONFIGURATION 

SOFT START 

OVP 

0.. OUT 

0..-

0..+ 

ML4813 
16-Pin DIP 

16-PJN DIP 

PIN DESCRIPTION (DIP) 
PIN ** NAME FUNOlON 

l(lIMIT) Current limit sense pin. Normally 
connected to sense resistor. When 
this pin exceeds 1V, the PWM 
cycle is terminated. 

2 SOFT START Normally connected to a Soft Start 
capacitor. 

3 COMP Output of error amplifier and 
input to PWM comparator. 

4 V(FB) Control loop feedback voltage. 

S OVP Input to over voltage comparator. 

6 OAOUT Output of uncommitted op-amp. 

7 OA- Negative input of uncommitted 
op-amp. 

8 OA+ Positive input of uncommitted 
op-amp. 

PIN ** 
9 

10 

11 

12 

13 

14 

1S 

16 

ML4813 
20-Pin pee 

1(L1Mll) cm 

ML4813 

SOFT START I NC I SIGNAL GND 

3 2 1 20 19 
COMP 18 5V VREF 

V(FB) 17 Vee 

NC 16 NC 

OVP 15 OUT 

0.. OUT 14 PWRGND 
9 10 n 12 13 

0..- I NC I SYNC 
0..+ 1m 

lOP VIEW 

NAME FUNOION 

R(T) Oscillator timing resistor pin. A SV 
source sets a current in the 
external resistor which is mirrored 
to charge C(T). 

SYNC Input used to synchronize the 
oscillator to an external source. 

PWR GND Return for the High Current 
Totem pole output. 

OUT High Current Totem pole output. 

Vee Positive Supply for the IC 

SV VREF Buffered output for the SV voltage 
reference. 

SIGNAL GND Analog signal ground. 

C(T) Timing Capacitor for the Oscillator. 
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ML4813 

ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Junction Temperature ................................. 150°C 
Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) ................. +260°C 
Thermal Resistance (8)A) 

Supply Current (led .......•.......................•... 40mA 
Output Current, Source or Sink (Pin 12) 

Plastic Chip Carrier (PCC) - Q .................... 60°C/W 
Plastic DIP - P .................................... 65°C/W 

DC ........................ , .......................... 1.0A 
Output Energy (capacitive load per cycle) .•.............. 5pJ OPERATING CONDITIONS 
Error Amp Sink Current (pin 3) ........................ 10mA 
Oscillator Charge Current .............................. SmA Temperature Range 
Analog Inputs (pins 1, 3-8) ..................... -O.3V to 5.5V ML4813C ...................................... O°C to 70°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (Note 2) 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Oscillator 

Initial Accuracy T) = 25°C 90 97 104 KHz 

Voltage Stability 12V < Vee < 18V 0.3 % 

Temperature Stability 2 % 

Total Variation line, temp. 88 108 KHz 

Ramp Valley 1.0 V 

Ramp Peak 4.3 V 

R(T) Voltage 4.8 5.0 5.2 V 

Discharge Current (pin 8 open) T) = 25°C, VPIN 16 = 2V Z5 8.4 9.3 mA 

VPIN 16 = 2V Z2 8.4 9.5 mA 

Sync Pulse Threshold .8 1.4 2.0 V 

Sync Input Bias Current 350 800 pA 

Reference Section 

Output Voltage T) = 25°C, 10 = 1mA 4.95 5.00 5.05 V 

Line Regulation 12V < Vee < 25V 6 20 mV 

Load Regulation 1mA < 10 < 20mA 3 20 mV 

Temperature Stability .4 % 

Total Variation line, load, temp. 4.9 5.1 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

Long Term Stability T) = 125°C, 1000 Hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -30 -85 -180 mA 

Error Amplifier Section 

Input Offset Voltage -15 15 mV 

Input Bias Current -0.1 -1.0 pA 

Open Loop Gain 1 < VplN 3 < 5V 60 75 dB 

PSRR 12V < Vee < 25V 60 70 dB 

Output Sink Current VplN 3 = 1.1Y, VPIN 4 = 6.2V 2 12 mA 

Output Source Current V PIN 3 = 5.0Y, V PIN 4 = 4.8V -0.5 -1.0 mA 

Output High Voltage IplN 3 = -O.5mA, VPIN 4 = 4.8V 6.0 6.4 V 

Output Low Voltage IplN 3 = 2mA, VPIN 4 = 6.2V 0.5 1.0 V 

Unity Gain Bandwidth 1.0 MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMmR I CONDITIONS I MIN I TYP I MAX I UNITS 

Un-Committed Op Amp 

I nput Offset Voltage -10 10 mV 

Input Bias Current ~.1 -1.0 pA 

Input Offset Current ~.2 0.2 pA 

Open Loop Gain 90 dB 

PSRR 80 125 dB 

Output High Voltage IplN 6 = -20mA 7 8 V 

Output Low Voltage Rl(PIN 6) = 10Kn .2 .5 V 

I(LlMm Comparator 

Input Trip Point Output Off .8 1.0 1.2 V 

Input Bias Current -2 -15 pA 

Propagation Delay 150 nS 

OVP Comparator 

Input Trip Point Output Off 5.5 5.6 5.7 V 

Hysteresis Output On 100 mV 

Input Bias Current ~.3 -3 pA 

PWM Comparator 

Input Common Mode Range ~.2 5.5 V 

Input Bias Current -2 -10 pA 

Propagation Delay 150 nS 

Soft Start Section 

Soft Start Current (pin 2) I VplN 2 = lV 40 60 BO 

III Output Section 

Output Voltage Low lOUT = 20mA 0.1 0.4 V 

lOUT = 200mA 1.2 2.2 V 

Output Voltage High lOUT = -20mA 13 13.6 V 

lOUT = -200mA 12 13.4 V 

Output Voltage Low in UVLO lOUT = SmA, Vee = 8V 0.1 0.8 V 

Output Rise/Fall Time CL = 1000pF 50 nS 

Under-Voltage Lockout 

Start-up Threshold 15 16 17 V 

Shut-Down Threshold 9 10 11 V 

VREF Good Threshold 4.4 V 

Total Device 

Supply Current Start-up, Vee = 14V .9 1.5 mA 

Operating 20 30 mA 

Internal Shunt Zener Voltage Icc = 30mA 25 30 34 V 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-up Threshold first to activate the Ie, then returned to lSY. 
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FUNCTIONAL DESCRIPTION 
OSCILlATOR 

The ML4813 oscillator charges the external capacitor 
(CT) with a current (lSET) equal to 5/RsET. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

where: 

and: 

T OSc = TRAMP + T DEADTIME 

TRAMP = C (Ramp Valley to Peak) -:- ISET 

T DEADTIME .. C (Ramp Valley to Peak) -:-
(BArnA - 'SET) 

A pulse of a duration shorter than T DEADTIME from an 
external frequency source set to a higher frequency 
than fosc can be applied to pin 10 to synchronize the 
oscillator. R(SYNC) and C(SYNC) shorten longer pulses. 

C(l) 

":" I ______________ J 

RAMP PEAK -;~--/7\----~---

RAMPVAl.LEY _L ____ V ___ \ __ 

Figure 1. Oscillator Block Diagram 

SnF 2nF 90% 
10K -

~ UK .. -
- - 85% 
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~ 
\,'l 3K z 
3i 2K 
>= 
~ 

1K 

" ." - " A - "- "-
i\ 10nf --~ - '" 1'\ '\I. -I"<- -

r'\, 2Oni" i\ \. 
I- ~, 

"" 

80% 

70% 

50% 

20 30 SO 100 200 300 SOO 

lose OSCILlATOR FREQUENCY (KHz) 

Figure 2. Oscillator Tming Resistance vs. Frequency 
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OUTPUT DRIVER STAGE 

The ML4813 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 

o 
VeeI'I SOURCE SATURATION - vee -lSV 

~ I 
(LOAD 10 GROUND) /IOiAS PULSED LOAD 

0 1120 Hz RATE 
TA = 2S"<: I 

TA - -SsoC 

(. 
S/-2.0 

0 I ./ 
I ..... 

~ 
=> 
~ 3. 

TA = -SS"<: - --0 
/ TA= fSoc-...-

0 / I 
V/ SINK SATURATION I (LOA~1O ve1 fND\ I 

0 

~ 2. 

o 
~ 1. 
> 

o 200 400 600 800 
10, OUTPUT LOAD CURRENT (mAl 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The Ml4813 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 

100 

---------------.., 
1 +sv I 
1 I 

: .SmA I : 
3 I 

1 
1 
1 
1 

: 1 
I 1 
1 1 
1 1 

~----------------! 

Figure 4. Error Amplifier Configuration 

vee = lSJ 

o 

~ 
\. ~1N 

~~ : 1~~ 10 5.0V - - 30 

~ ~ 
~ 

TA = 25°C 

~HASE 

~ \ 
1 

... 
150 

0 
'\ ~ ~ 

10 100 1.0K 10K lOOK 1.0M 10M 

I, FREQUENCY (Hz) 

Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 
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UN-COMMITTED OP-AMP 

The ML4813 contains an un-committed op-amp which 
is normally configured as a differencing amplifier to 
sense the output voltage. The output voltage in the 
flyback configuration is not ground referenced. The op­
amp in the ML4813 is a PNP input amplifier similar to 
the LM324 but with an open emitter output stage (class 
A). 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4813 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vee reaches 16\1. When 
Vee drops below 10V, the UVLO condition is imposed. 
During the UVLO condition, the SV VREF pin is "off'; 
making it usable as a "flag" for starting up a down­
stream PWM converter. 

Figure 6. Under-Voltage Lockout Block Diagram 

~ 
~ -4.0 

~ 
\.) -8.0 

~ 
~ -12 

~ 
~ -16 
:±: 
:i! 
~ -20 

:; 

............ 

-24 
o 

vdc = lJV-
...... 

......... 
....... 

'r-... 

" "" TA = _55°C_ 

TA'125°C f".:. 

TA = 125°C 

I 
20 40 60 80 100 120 

10EF, REfERENCE SOURCE CURRENT (rnA) 

Figure 7. Reference Load Regulation 

ML4813 

25 

1 20 

j 
... z 
:i! 
" 15 '" \.) 

~ .. .. 10 
~ 

~ 
TA '1 25°C 

o 
o 10 20 30 40 

vce, SUPPLY VOLTAGE M 

Figure 8. TOtal Supply Current vs. Supply Voltage 

APPLICATIONS 
The ML4813 is used to implement a discontinuous 
mode flyback (buck-boost) power factor regulator. This 
topology is particularly well suited for low power 
applications such as: fluorescent ballasts; and low power 
switching supplies. Also it is a useful topology when 
there is a requirement for the output voltage to be 
lower than the peak input voltage, or where an isolated 
output is required. This is not possible with the boost 
topology, where the output voltage must always be 
higher than the maximum peak of the input voltage 
range. The typical input range for the flyback power 
factor regulator is from 90 VAC to 260 VAC. 

The regulator operates in the discontinuous inductor 
current conduction mode. The inductor energy stored 
during the "ON" time of the power switch Q is 
completely delivered to the output capacitance during 
the "OFF" time. At steady state conditions, the inductor 
current at the beginning of the "ON" time starts to 
ramp-up from 0 Amps to a value that is determined by 
the instantaneous value of the input full wave rectified 
voltage; the "ON" time as it is set by the error amplifier 
and the PWM comparator; and finally by the inductor 
itself (L). 

..-'VII'v-...-"IM-+---_--G· VOUT-

Cl 

+-.. -t---0' Voot+ 

Cg~i~gLI--=-----l 
(ML4813) 1-____ -.. 

RS 

Figure 9. Block Diagram of the Regulator 
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The expression for the inductor peak current is given 
by: 

Where: 

(1) 

Id8) = The instantaneous peak inductor current. 
tON = Power switch "on" time. 
VIN(8) = Vp sin 8 = Instantaneous Input Voltage. 
Vp = Input Peak Voltage. 

Figure 10, is a diagram of the relationship between the 
low frequency envelope and the high frequency 
inductor current. Note that for clarity the scale between 
the two waveforms has not been preserved. Normally 
for 60Hz input line and 100KHz switching frequency, 
each half of the sine wave contains approximately 833 
high frequency triangular waveforms. 

.............................. .... . .... ..... 

- INDUCTOR CURRENT ........ SINUSOIDAL PEAK ENVELOPE 

- SWITCH CURRENT --AVERAGE CURRENT 

Figure 10. Switch and Line Currents in the 
Flyback PFC Circuit 

The envelope of the peaks of the switch current, which 
in this case represent the current drawn from the input 
source, have a sinewave shape. This relationship is 
shown as: 

Id8) = Ip sin 8 (2) 

Combining (1) and (2) the following useful relationship 
is obtained: 

(3) 

Note that VIN(8) = Vp sin 8, and also Vp = V2 VRMS. The 
average value of the input triangular current is: 

Where: 

tON 
IAVd8) = - Ip sin 8 (4) 

2T 

IAVG = Average value of the switch current. 
This is the value of the current at the input of 
the regulator after filtering. 
tON = Switch "on" time. 
T ""' P~:-:od Gf the $'Nitch cyde. 

Substitution of (3) into (4) yields. 

L Ip2 
IAVd8) = sin 8 (5) 

2.828 T VRMS 

Eq uation (5) clearly shows that the average val ue of the 
switch current is sinusoidal and in phase with the input 
voltage. The peak value of the average current is: 

L Ip2 
lA' G PEA - sin 8 (6) "v ( K) - 2.828 T VRMS 

Also: 

V2 PIN 
IAVG(PEAK) = -V-- (7) 

RMS 

Solving equations (7) and (6) for PIN: 

1 
PIN = - L Ip2 f (8) 

4 

For optimum performance and the lowest inductor 
peak currents, the inductor current should be at the 
verge of continuity at the lowest operating voltage 
point and at full load. The above can be satisfied if: 

VIN VOUT 
Ip::; (9) 

f L(VIN + VOUT) 

Where: VIN = V2 x VIN MIN (RMS) 

Finally (8) and (9) can be combined to derive an upper 
bound for the inductor value that will guarantee that 
the regulator always stays in the discontinuous mode of 
operation. If the regulator were to operate in the 
continuous mode the average input current would not 
be sinusoidal. 

[ VIN VOUT ]2 L < (10) 
- 2v1PiN (VIN + VOUT) 

FlYBACK INDUaOR CALCULATION 

Equation (10) gives the upper bound for the inductor 
value for any set of specified operating conditions. 
Normally a few iterations may be required, for finalizing 
the value. The reason for this is that equation (10) does 
not contain parameters to correct for second or third 
order effects. All this means that a good initial value for 
the inductor is probably 10 to 20% lower than the value 
calculated by the right hand side expression in (10). 

Several core materials are candidates for the inductor, 
such as: powder iron cores, gapped ferrites, moly 
permalloy cores, etc. In the application that will be 
described later, a gapped ferrite core is used. 

There are no particular restrictions on the inductor 
except that the inductance is of correct value and the 
losses are acceptable. 

INPUT BYPASS CAPACITANCE 

The triangular high frequency current is bypassed by 
the input capacitor (C j) labeled C, in Figure 12. This is a 
high quality film capacitor with low ESR value for 
minimum losses and heating. A polyester, 
polypropylene or x-type (for line side) is a good 
candidate. Typical values, depending on the power 
level, can range anywhere from 0.33pF to 1.5pE The 

6-48 .~Micro Linear 



next filtering stage of the RFI filter which has an 
inductor as input isolates C7 from the other capacitors 
which may be present at the input circuit. Note that CI 
(C7) can be on either side of the bridge rectifier. The 
preferred location for low crossover distortion is at the 
input side. The voltage ripple across this capacitor is: 

Where: 

D (P;; ..fi PIN 
VCIP-P) = Clf V Lf - Clf VIN (11) 

VCIP-P) = Peak to peak worst case high 
frequency capacitor voltage. 
D = Switch Duty Cycle. 

Therefore the RFI filter that follows has to be able to 
attenuate VCIP-P) to the levels set by the relevant 
regulatory specifications. 

INPUT TRANSIENT OVERVOlTAGE PROTECTION 

Careful examination of the power circuits reveals that 
there is no large capacitance at the input of the 
regulator. The only capacitances present are the RFI 
filter capacitors. These capacitors have a combined 
value in the range of a couple of microfarads. Thus 
their ability to absorb and minimize any line induced 
transients is almost non existent. Transients can occur 
also under sudden load removal. If the line impedance 
is inductive, hazardous drain source voltages may be 
generated leading to the destruction of the power 
switch. To keep this from happening a transient over­
voltage protection device should be chosen such that 
enough safety margin is allowed for the power switch. 
A good rule of thumb is: 

Where: 

BVDSS > VZA + VOUT(OVP) (12) 

BVDSS = Drain-Source breakdown voltage for 
the FEI 
VZA = Activation or clamping voltage of the 
over-voltage transient protector. 
VOUT(OVP) = Maximum output voltage. This is 
set by the OVP function of the controller, and 
will be covered later. 

THE OUTPUT CIRCUIT 

The output circuit for this topology, although it is non­
isolated, does not share the same ground with the 
power circuit. Therefore connecting the two grounds 
with the measuring leads of instruments should be 
avoided. This is a common mistake especially with the 
oscilloscope leads. 

The output voltage "rides" on the input voltage when 
the (+) output is measured with respect to PGND 
(figure 11). 

The extra OP-AMP provided in the ML4813 is used to 
sense the output voltage for regulation and over 
voltage conditions. This op-amp is connected as a 
difference amplifier with its output referenced to 
PGND. Resistors RH1, RH2, RL 1, RL2 are used to scale 
down the voltage. 

Ml4813 

~ t: 
!i2 200V 

TIME 

Figure 11. Output Voltage with Respect to PGND 

Normally RH1 = RH2 = RH and RL 1 = RL2 = RL. Then 
the voltage designated as Vs in Figure 9 is given by: 

RL 
Vs = VOUT RH + RL (13) 

OUTPUT CAPACITANCE 

The output capacitance should be calculated such that 
it has the required output ripple at the worst case 
operating point. In addition the ESR should be 
sufficiently low to prevent dissipation due to RMS 
currents. The first criterion can be met by choosing the 
value of the output capacitor based on the following: 

Where: 

PIN C;:::------''-'-----
27TfL AVR VOUT 

C = Total output capacitance. 
PIN = Total input power. 

(14) 

AVR = Peak output capacitor ripple voltage. 
VOUT = Output Voltage. 
fl = Line Frequency times 2 (120 for 60Hz line). 

The second criterion for the selection of the output 
capacitor can be satisfied by choosing a component 
with adequately low ESR value, that can safely bypass 
the RMS currents. 

OUTPUT DIODE 

The output diode can be a "fast" or ultrafast" type 
depending on the operating frequency. Reverse 
recovery losses are low since at steady state and under 
normal operating conditions the regulator operates in 
discontinuous current mode. The diode should be 
rated to handle the output current. The resulting power 
dissipation will be the forward drop of the diode times 
the output current. 

POWER SWITCH 

If a power FET is used, it should be sized for the 
required efficiency. Lower RDS(ON) devices will yield 
lower losses, but if they are operated at high 
frequencies (100KHz) higher charge dumping losses (1/2 
CDS VDS2 f) will be experienced. The RMS current value 
through the power FET and the sensing resistor is: 
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(15) 

Where: 

IRMS = Total RMS current through the power 
FET and sense resistor. 
fL = line Frequency times 2 (120 for 60Hz line). 
r = fSWITCH/fL' 

Table 1 is provided to assist in calculating (15) above. 
When the power switch is a bipolar transistor (constant 
VCE drop) then the power dissipation produced can be 
calculated by using (16): 

Where: 

0.9 PIN 
PD =--- VCE 

VRMS 
(16) 

PD = Power dissipation by the transistor 
(conduction losses). 
VRMS = RMS value of the minimum 
input voltage. 
V CE = Collector Emitter forward drop of 
the power transistor. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

A fast starting circuit is shown in figure 12. MOSFET Q2 
quickly charges the Ie's Vcc capacitor (C8) when the 
supply is initially turned on. This allows the supply to 
come on less than 1 second after AC power is applied. 
A Simpler start-up circuit may be used which replaces 
the active circuit with a 39KO 2W resistor but starts 
more slowly (up to 15 seconds under low line 
conditions). Systems which do not require quick 
starting can reduce cost with the latter start-up method. 

fSWITCH ~ r k7r 
(KHz) 

Lsin2 -
r k. I r 

20 167 9.1 
30 250 11.2 
40 333 12.9 
50 417 14.4 
60 500 15.8 
70 583 17.1 
80 667 18.3 
90 750 19.4 
100 833 20.4 
110 917 21.4 
120 1000 22.4 
130 1083 23.3 
140 1167 24.2 
150 1250 25.0 
160 1333 25.7 
170 1417 26.5 
180 1500 27.3 
190 1583 28.0 
200 1667 28.9 

Table 1. Figures for Calculating IRMS (eq. 15) 

Ml4813 

POWER FACTOR ENHANCEMENT 

Some combinations of line and load may exhibit 
distortion of the input current waveform. This distortion 
is usually caused by the inductor "ringing" with the 
CDS of the power MOSFET, resulting in a non-zero 
inductor current at the beginning of the next cycle. 
This ringing can be dampened by using R2 and D7 in 
figure 12. Applications which can get by with slightly 
worse power factor can eliminate these components. 

ADJUSTING THE OUTPUT VOLTAGE 

The error amplifier creates an error voltage from the 
difference between the output voltage presented on 
pin 6 and the 5V internal reference. Since the output 
voltage is not ground referenced, the Ml4813's internal 
op-amp is connected as an instrumentation amplifier 
(figure 13). 

The output voltage is set by a combination of resistors 
which determine the relationship between (VOUT+ -
VOUT-) and the output of the op-amp (pin 6). For the 
following discussion, R15' = R15 + R16 and R14' = R14 + 
R13. The differencing amplifier operation depends on 
the following relationships: 

R15' = R14' 
and 

R12 = R25 + (R18 II R17) 

RI2 

R14' 

VOUT- >--¥.IV---1 
RIS' 

RIB 

TO ERROR 
AMP AND 

OVP 

Figure 13. Ground Referencing the Output Voltage 

Then: 

( 5V x R18 ) ( R15' ) ( R14' ) 
VOUT = R17 + R18 R15' + R25 R12 + 1 

Since R25 is a low value compared to R15', the second 
term reduces to approximately 1. The third term is set 
at approximately 200. Therefore the above equation 
reduces to: 

( R18 ) 
VOUT ~ 1000 x R17 + R18 

The over voltage comparator has a threshold that is set 
for 1.12 x VOUT when pin 5 and pin 6 are connected 
directly. Figure 14 shows the connection for setting an 
OVP trip point higher than 1.12 x VOUT, where: 
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Figure 14. Setting OVP for a Vovp > 1.12 x VOUT 

( RA+RB) 
VOVP ~ 1.12 x VOUT x ~ 

Figure 15. Setting OVP for a Vovp < 1.12 x VOUT 

Figure 15 shows OVP set for a voltage lower than 1.12 x 
VOUT where: 

( RO + R24) 
VOVP ~ 1.12 x VOUT x RO 

INDUOOR INFORMATION 

l3 is the flyback inductor and also provides the 
operating power for the control circuitry. A gapped 
ferrite pot core was chosen for this application for it's 
modest high frequency losses with high ripple current 
operation. Some possible choices are: 

Manufacturer Part *I Total Gap Np 

Magnetics Inc. F43019 .05" 32 

Ferroxcube (Phillips) 3019 PLOO-3F3 .05" 32 

Ferroxcube (Phillips) 3019 PA12S-3C8 .07" 38 

The first 2 cores are sold ungapped and require the 
use of a .025" spacer to gap the center leg to yield a 
total gap length of .05". If an ungapped core is used, a 
"shorted turn" should be employed as shown below 
(figure 16) to prevent radiated EMI. The third core listed 
is sold with its center leg pre-gapped (.07" total), hence 
the outside of the core closes completely providing 
shielding without the shorted turn being required. Ns 
should be 3 turns. All windings il24AWG wire. 

L 1 and L2 inductors are constructed using a powdered 
iron. This is a suitable material for these inductors since 
the high frequency ripple currents (and resulting flux 
excursions) are much less severe than for l3. The core 
selected is: 

.025" 

SHORTED TURN 
(COPPER FOIL) 

Figure 16. Construction of EMI Shield for Ungapped Cores 

Manufacturer 
MicroMetals 

COMPONENT 

Cl, C2 
C3, CS, C6 
C4 
C7 
C8 
C9 
Cl0 
Cll, C14 
C12 
C13 
01 thru 04 
05,08 
06,07 
09 
Fl 
Heat Sink 
Ll, L2 
l3 
Ql 
Q2 
Q3 
Rl 
R2, R19, R20 
R3 
R4 thru R9 
Rl0 
Rll 
R12 
R13 thru R16 
R17 
R18 
R21 
R22, R23 
R24 
R2S 
Ul 
VRl 

Part iI 
T68-260 

Turns 
80T il24AWG 

DESCRIPTION 

0.68pF, 630V 
.00pF, lKV 
330pF, 2S0V 
1000pF,SOV 
1000pF, 16V 
lpF, SOV 
6800pF,SOV 
O.lpF, SOV 
4.7pF, SOV 
0.22pF,SOV 
1 NS406 
lN4148 
MUR460 
22V Zener, 1/4 W 
3AG, 3A, 2S0V 
Thermalloy 6398-U-P3 
SOOpH, l.5A RMS 
160pH, SA peak 
MTH8N60 
IRF821 
2N2222 
220KO 
4.3KO 
100 
10 
1000 
1.8KO 
4.02KO,1% 
402KO,1% 
8060,1% 
2000 
S10KO 
2KO 
100KO 
3.83KO,1% 
ML4813CP 
TNR12G431 KM 

Note: All resistor values 1/4 W ± 5% unless otherwise specified. All 
capacitor values ±10% unless otherwise specified. 

Table 2. Component Values for Figure 8 
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ORDERING INFORMATION 

PART NUMBER 

ML4813CP 
ML4813CQ 

TEMPERATURE 
RANGE 

DOC to +7DoC 
DOC to +7DoC 

.~Micro Linear 

PACKAGE 

Molded DIP 
Molded PCC 

ML4813 

• 
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ML4815 

Zero Voltage Switching Resonant Controller 

GENERAL DESCRIPTION 
The ML4815 is designed to facilitate zero-voltage 
switched (ZVS) resonant converters requiring constant 
off-time and variable on-time control. Since the power 
MOSFET is turned on at zero voltage in ZVS resonant 
converters, power dissipation due to charge-dumping 
of the MOSFET drain-source capacitance is eliminated, 
allowing high frequency operation and power density 
to be maximized. MOSFET parasitic drain-source 
capacitance can also be used as part of the resonant 
circuit, minimizing component count. 

The ML4815 features a monostable multivibrator for 
precise off-time setting. The on-time is modulated 
through a ramp comparator in a manner similar to 
PWM converters. Either current-mode control with 
maximum on-time clamp or voltage-mode control with 
input feedforward can be selected. 

ML4815 supports pulse-by-pulse (peak) current limiting 
as we" as "hiccup" mode for fault protection. The 
cOlltroller is designed for operation up to 2MHz. 
ML4815 also includes a wide band error amplifier and 
a high peak current output driver which minimizes 
cross-conduction current. 

FEATURES 
• Supports Single-Switch ZVS Resonant Topology 

with Minimal External Components 
• Ideal for Simple, High Density DC to DC 

Converters 
• Small Converter Frequency Variation from No-load 

to Full-load 
• High Current (2A Peak) Totem-Pole Output Drive 

with low Cross Conduction 
• Precision Buffered 5.1V Reference (±2%) 
• Wide band (5.5MHz), High Slew Rate (12V/pS) Error 

Amp. 
• Under-Voltage lockout with low Current Start-Up 
• Integrating Fault Detection/Soft-Start Reset 

BLOCK DIACIRAM (Pin out shown is for 16-pin DIP) 
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PIN CONNEOIONS 

ML4815 ML4815 
16-Pin DIP 20-Pin PCC 

16-PIN DIP 
INV REF 

INV VR" S.W NV NC I Vee 

NI Vee 3 2 1 20 
E/A OUT 

Ve 
Ve 

RAMP 17 NC 
PGND 

NC PGND 
l(lIM) OUT 

l(lIM) 15 OUT 

GND RoCT NC 
9 10 11 12 

Re RC (RESEn 

FF Rc I ~.g~ I GND 

FF RC (RESen 
TOP VIEW 

TOP VIEW 

PIN DESCRIPTION 
PIN ** NAME FUNalON PIN ** NAME FUNalON 

1 INV Inverting input to error amp. 9 SOFT START Normally connected to Soft Start 

2 NI Non-inverting inpllt to error amp. Capacitor and charging resistor. 

3 E/A OUT Output of error amplifier and 10 RC (RESET) Timing Capacitor for over-current 

input to main comparator. integration and restart-delay. 

4 RAMP Non-inverting input to main 11 GND Analog Signal Ground. 

III comparator. Connected to pin 8 12 OUT High Current Totem pole output. 
for feedforward voltage-mode 13 PGND Return for the High Current 
control or to pin 5 for current- Totem pole output. 
mode control. 

Current limit sense pin. Normally 
14 Vc Positive Supply for the High 

5 I(UM) Current Totem pole output. 
connected to current sense resistor. 

RDCT Off-time setting capacitor and 
15 Vee Positive Supply for the IC 

6 
resistor. 16 5.1V REF Buffered output for the 5.1V 

7 Re Resistor to pin 6 to limit C T 
voltage reference. 

charging rate. 

8 FF Capacitor to generate feedforward 
ramp. 
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ABSOLUTE MAXIMUM RATINGS 
Junction Temperature Absolute maximum ratings are those values beyond which the 

device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

ML4815C ............................................ 125°C 
Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec) .................. +260°C 
Thermal Resistance ({IJA) 

Supply Voltage (Pins 14, 15) .............................. 30V Plastic DIP ........................................ 65°CIW 
Output Current, Source or Sink (pin 12) 

DC .................................................. 0.5A 
Plastic Chip Carrier (PCC) ......................... 60°C/W 

Pulsed (O.5Jls) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2A 
Analog Inputs (Pins 1, 2, 4, 5, 8, 9, 10) ........... -O.3V to 6V OPERATING CONDITIONS 
Error Amplifier Output Current (pin 3) ................. -SmA 
Soft Start Sink Current (Pin 9) ........................ 100mA Temperature Range 
Feedforward Sink Current (Pin 8) ...................... 80mA ML4815C ...................................... O°C to 70°C 
CT Charging Current (Pin 7) .......................... -SOmA 

ELEORICAL CHARAOERISTICS 
Unless otherwise noted, these specifications apply for CT = 330pF, Re = 1000, RD = 2KO, Vee = 15\1, 
TA = Operating Temperature Range. Pin numbers refer to 16-pin DIP. 

PARAMETER CONDITIONS MIN TYP 

Reference Section 

Output Voltage TJ = 25°C, 10 = 1mA 5.00 5.10 

Line Regulation 10V < Vee < 30V 2 

Load Regulation 1mA < 10 < 10mA 5 

Temperature Stability -55°C < TJ < 125°C, (note 1) .2 

Total Variation line, load, temp (note 1) 4.95 

Output Noise Voltage 10Hz to 10KHz 50 

Long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 

Short Circuit Current VREF = OV -15 -50 

Error Amplifier Section 

Input Offset Voltage 

Input Bias Current .6 

Input Offset Current .1 

Open Loop Gain 1 < Vo < 4V 60 96 

CMRR 1.5 < VeM < 5.5V 75 95 

PSRR 12 < Vee < 25V 75 110 

Output Sink Current VplN 3 = 1V 1 2.5 

Output Source Current VPIN 3 = 4V -.5 -1.3 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 

Output Low Voltage IplN 3 = 1mA 0 0.5 

Unity Gain Bandwidth (note 1) 3 5.5 

Slew Rate (note 1) 6 12 

RAMP Comparator Section 

Pin 4 Bia ... C'urrpnt 1\1 n - PiN 7 = .- - n7 
~ .. 

Pin 3 Zero DC Threshold VPIN 2 = 2V, VplN 1 = VplN 3 1.18 
VPIN 5 = 0, VplN 6 = 1.5V 
VplN 8 = 2V 

Delay to Output Cl = 0, (note 1) 55 
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MAX UNITS 

5.20 V 

20 mV 

20 mV 

.4 % 

5.25 V 

JlV 

25 mV 

-100 mA 

15 mV 

3 JlA 

1 JlA 

dB 

dB 

dB 

mA 

mA 

5.0 V 

1.0 V 

MHz 

V/Jls 

,.. .. 
V 

ns 



ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise noted, these specifications apply for CT = 330pF, Re = 1000, RD = 2KO, Vee = 15\1, 
TA = Operating Temperature Range. Pin numbers refer to 16-pin DIP. 

PARAMETER CONDITIONS MIN TYP 

Current Limit Comparator 

Pin 5 Input Bias Current 0< VP1N 5 < 4V 2 

Current Limit Threshold 1.41 

Hysteresis 30 

Delay to Output VP1N 10 = 0, CL = 0 (note 1) 50 

One-Shot Section 

Off-Time Initial Accuracy CL = 0, TA = 25°C 0.45 

Off-Time Voltage Stability CL = 0, 12V < Vee < 25V 5 

Off-Time Temperature Stability CL = 0 (note 1) 5 

Off-Time Total Variation CL = 0, line, temp (note 1) 6 

Feedforward/Maximum On-Time Clamp Section 

Discharge Current VP1N 8 = 2.5V 30 

On-Time Initial Accuracy CFF = 330pF, RFF = 2.7KO to V REF, 1.0 
C L = 0 

Shutdown / Restart Section 

Pin 10 Charging Current -250 

Overload Shutdown Threshold 2.3 

Restart Th reshold 1.1 

Soft-Start Section 

Input Bias Current Vp1N 9 = 4V 

Discharge Current VP1N 9 = 1V 

Under-Voltage Lockout Section 

Start Threshold 

UVLO Hysteresis 

Output Section 

Output Low Level lOUT = 20mA 0.25 

lOUT = 200mA 1.2 

Output High Level lOUT = -20mA 13.0 

lOUT = -200mA 12.7 

Rise/Fall Time CL = lnF (note 1) 30 

Supply Current 

Start Up Current 

Operating lee f = lMHz, CL = 0, TA = 25°C 

'Micro Linear 
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FUNCTIONAL DESCRIPTION 
ML4815 PRINTED CIRCUIT BOARD 
LAYOUT CONSIDERATIONS 

High speed circuits demand careful attention to layout 
and component placement. To assure proper 
performance of the ML4815, follow these rules: 1) Use a 
ground plane. 2) Damp or clamp parasitic inductive 
kick energy from the gate of driven MOSFET. Don't 
allow the output pins to ring below ground. A series 
gate resistor or a shunt 1 Amp Schottky diode at the 

ERROR AMPLIFIER CIRCUIT 

output pin will serve this purpose. 3) Bypass VCG Vc, 
and VREF. Use 1pF monolithic ceramic capacitors for 
Vcc and Vc with low equivalent series inductance. 
Allow less than 1 cm of total lead length for each 
capacitor between the bypassed pin and the ground 
plane. 4) Treat the off-time setting capacitor, C T, like a 
bypass capacitor. 

Simplified Schematic 
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CONTROL METHODS 

In current-mode control, the current transformer 
output is fed into the RAMP comparator input. The 
current-sense waveform is used as the on-time 

modulating ramp. The on-time can be clamped to a 
maximum by using RFF and CFF as shown. 

Current-Mode Control with Maximum On-Time Clamp 

r----------------- ----, 
I I 

CURRENT I I REF 

VIN~~p5V +ff 16 
---!ON_ 1 J! -...n....". -

--\ __..../1.../1.... FROM EIA OUT 

FF 

L __ = _______________ J 

In feedforward voltage-mode control, the on-time 
modulating ramp is generated with an external 
capacitor CFF from pin 8 to the ground. CFF is charged 
through an external resistor RFF. The maximum on-time 

is the time taken to charge CFF to 3.7V. Since the 
charging current depends on VIN, the reSUlting 
maximum on-time varies with VIN' 

Feedforward Control 

r-------------I 

~:'~t:; i 
~------~4 ~ 

.../l/1... ....... __ F-IF 

: 1.2SV 
I 
I 
I 
I 
I 

I 

i 
I 

I 
I 
I 
I L __ ~ ________ _1 
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OUTPUT SECTION 
Totem-Pole MOSFET Drive with Reduced Cross-Conduction 

lN4148 

r-~------t----II:-. Q7 

THRESHOLD V, 

THRESHOLD V2 

v, < V2 

RISE/FALL TIME (c, = lnFI 

/\ 
0.2 

I,(A) 

~ 15 

'5 f 
\ 
'} 

-0.2 ~ 15 

'5 
!] 10 

o 

\ 
J 

o 40 80 120 160 200 

TIME (nsl 

When driving power MOSFET's with high equivalent 
gate capacitance (Cc > 3nF), it is advisable to use an 
external 1N4148 diode between Vee and Ve pins (figure 
above) to reduce extra power dissipation caused by 
slow turn-off of Q7. In this case both Vee and Ve pins 
should have bypass capacitors (C = 1pF) as close as 
possible to the IC pins. 
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ONE-SHOT 

The figure below shows the detailed block diagram of 
the one-shot. The one-shot is programmed with 
external resistors Rc;, RD and capacitor Cr. Assuming 
that ClK is low and Q2 conducts initially, the timing 
capacitor Cr is charged to 4V through Rc and Q3' This 
corresponds to the switch conduction cycle (on-time). 
When either the feedforward ramp or the sensed 
current signal exceeds the error amplifier output 
voltage, a trigger pulse is sent to the one-shot, setting 
the R-S latch X2 and disabling Q3' Cr is immediately 
discharged through RD until Cr voltage reaches the 
lower threshold (2V) of the Schmitt-trigger Xl' At this 
point, Xl output goes high, resetting X2. Ql turns off, 
allowing Q3 to recharge Cr to 4V. This time interval 
corresponds to the switch off-time. Since the off-time is 
simply the discharge time of Cr, one can express 

TOFF = 0.69 RDCr 

Block Diagram of the One-Shot 

RI 

Q4 4V 

EAO 
RAMP 
1.25V 

TRIG 

ML4815 

liming Diagram of the One-Shot 

The purpose of Rc is to slow the charging transient of 
Cr in order to widen the internal reset pulse. Rc is 
usually chosen such that the following inequality is 
satisfied. 

10000 

1000 

100 

~ 10 
It: 
,2 

0.1 

0.01 
0.1 

~<0.05 
Rc + RD 

TOFF vs RD 

........ 

........ ~ .... 

:::: 
10 

Ro IKn) 

l~n~J 
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V 3:ioPF 
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CONSTANT ON-TIME CLAMP (In Current-Mode Only) 

Constant On-Time Clamp 

0.488R 

TOFF 
FF --r--------, ...rL 

I 
I 

>-----lTRIG CLK 

ICfF 

1 
R 

VREF + 0.488 VBE : 

V.,AS = --);------/1- I 
:::_L ____ LL ____ L I 

D, 

CLKLJLJ 

L _______ _ 

In current-mode control, the maximum on-time can be 
clamped by using the comparator X1 (figure above). The 
internal transistors Q1, Q2 and diode D2 discharges CFF 
to approximately VBE' The time taken to charge CFF 

( VREF + 0.488 VBE ) 
from VBE to VBIAS = sets the 

1.488 
maximum on-time. The diode D1 compensates the VBE 
dependent CFF valley voltage. It can be shown that 

TON (MAX) = 1.115 RFF CFF 

and T ON(MAX) is relatively independent of temperature. 

100 

0.1 
0.1 

6-62 
'Micro Linear 

REF 

/v 

/ 

/ 

ONE-SHor 

IOnF 3.3nF 1 nF 330pF lOOpF 

/", 
/ 
/ 
/ 

10 

RfF IKn) 

Vv 
V 

100 1000 



ML4815 

CURRENT-LIMITING, OVERLOAD SHUTDOWN AND FAUIJ MANAGEMENT 

Overload Protection and Fault Management 

VRE. 

ML4815 features a unique overload protection scheme. 
The power transistor current is compared with the 
current-limit threshold (1.4V) of X3. When the sensed 
current exceeds this threshold, the one-shot is triggered 
and the R-S latch ~ is set. The one-shot blanks the 
gate drive and ~ turns on the current source IF. The 
external capacitor CRD, which is normally fully 
discharged, is charged towards an overload threshold of 
2.3Y. The packet of charge delivered to CRD in each 
over-current cycle is IF x T OFF (figure below). ~ is reset 
after the off-time elapses. If output short is removed 
before CRD reaches the overload threshold, CRD will be 
discharged through RRD and normal operation will 
resume. Under persistent output short circuit, CRD is 

RC (RESEI) 

~-..... ---~-il0 

RRO 

charged until it reaches 2.3Y. The gate drive is 
immediately terminated and the soft-start capacitor is 
discharged. CRD then discharges through RRD towards 
the restart threshold (1.1V). Gate drive remains off until 
CRD is discharged below 1.1Y. The time taken for C RD 
to discharge to the restart threshold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. The overload shutdown and restart 
sequence for a converter with non-bootstrapped power 
supply Vee is illustrated in figure. 

Current Limiting Overload Shutdown and Restart Sequence 
(Non-Bootstrapped Operation) 

CRD CHARGING 
CURRENT 

ClK 

2AV 

CRD 

OV ---,(" .. 0--- = 20 ms ----i~i 

OL _--..!:C~U!!!RR~E!.!NT!...!:::LlM:!I~TI::.::N::::G.!:AN=D-"FAU=lT,-T",IM~I::.::N::::G.., R~~ 
1-
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ML4815 

For a bootstrapped converter (where controller V cc is 
obtained from an auxiliary winding of the main 
transformer), overload shutdown causes both the 
converter output and the controller V cc to collapse. 
Undervoltage lockout (UVLO) is activated and the on­
chip bandgap reference is disabled. ML4815 dissipates 
only 2mA of supply current during shutdown. Since 

Simplified V cc Bootstrapping Scheme 

V'N--_.------' 

1 RaLEED 

IBLEED 

LR 

IBLEED is higher than the start-up current, Cs will be 
charged towards the UVLO start threshold. When this 
happens, the entire controller becomes operational 
except that the gate drive remains off. Icc jumps to its 
full operational value. Since Vcc bootstrapping is not 
yet available, Icc will discharge Cs below the UVLO 
stop threshold. The on-chip reference will again be 
disabled with the controller supply current reduced to 
2mA. IBLEED will again charge Cs towards the UVLO 
start threshold. The process repeats until CRD is 
discharged below the restart threshold. The shutdown 
and restart sequence is illustrated with the timing 
diagram below. 

Overload Shutdown UVLO and Restart Sequence 
(Bootstrapped Operation) 

2.3V -c-.-...,---_ 

OL RESTART DELAY 
--++---1-2 SEC' - ---t----

vee 
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OPEN LOOP LABORATORY TEST FIXTURE 
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ORDERING INFORMATION 
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PARr NUMBER 

Ml4815CP 
Ml4815CQ 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro Linear 

PACKAGE 

Molded DIP 
Molded PCC 
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PRELIMINARY 

ML4816 

High Frequency Multi-Mode Resonant Controller 

GENERAL DESCRIPTION 
The Ml4816 controller IC is suitable for a wide range 
of resonant converter topologies. This controller can 
be used with Zero Current Switched (ZCS) Quasi 
Resonant Converters (QRC) requiring constant on-time 
and modulated off-time, as well as frequency 
modulated converters such as Series Resonant 
Converters operating above resonance. 

The Ml4B16's oscillator features independent control of 
charging and discharging currents (on-time and off­
time). Output frequency can be obtained either 
proportional or inversely proportional to the controlling 
voltage. In addition, both upper and lower frequency 
limits (fM1N and fMAJO can be independently set. 

Both pulse-by-pulse and DC current limiting are 
provided for. Overload protection (shutdown) is 
triggered after a programmable delay time. Restart after 
overload shutdown can be delayed by a programmable 
time. Internal logic disables the restart delay on initial 
turn-on. 

The Ml4816 includes under-voltage lockout with 6V 
hysteresis and high current high speed totem pole 
output drivers for high speed drive of external 
MOSFETs. 

BLOCK DIAGRAM Vee 

VIO) 

Vlf) 

RIQ 

RID) 

cm 

F(LlM)O---...J 

I(SENSE) 

EA OUT 0,-------, 

FEATURES 
• Supports Zero Current Switched (ZCS) Quasi­

Resonant Converters 
• Supports Series Resonant (ZVS) converters 

operating above resonance 
• Wide oscillator frequency range 
• Programmable fMIN and fMAJ( limits 
• Practical Operation to 2.5 MHz (fose) 
• low Start-up Current and Under-Voltage Lockout 

Circuits support Off-line Operation 
• Pulse by Pulse or DC Current limiting 
• Integrating Soft Start Reset (Fault Integration) with 

Programmable Restart Delay 
• High current (2A peak) totem-pole output drive 
• Precision buffered 5V Reference (±1%) 

VRE' 

r----f-~vc 

>--+--<l OUTA 

>--+---oOUTB 

L..--_---o PGND 

L-_______ ....... -+ ____ ...... _~ RC(RESm 

~----------_,r_+_-....... ---~OSOffSTA~ 

INV 

L
I OVERlOAD PROTEcnON 
-------- '=--=--=-=-=t-<> GND 

IFB I(LlM) oUT 
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ML4816 

PIN CONFIGURATION 

Ml4816 Ml4816 
20-Pin DIP 20-Pin PCC 

INV I(SENSE) 
I(FO) IISENSE) EA OUT I I(FO) I V(REf) 

INV V(REf) 
3 2 1 20 19 

EA OUT Vee IIlIM) OUT 4 TO Vee 

IIlIM) OUT aUTO F(lIM) aUTO 

F(lIM) VC V(D) vc 

V(D) PWRGND V(F) 15 PWR GND 

V(F) OUTA R(O 8 OUTA 
9 10 11 12 

R(O RC (RESEll 

R(D) SOfT START R(D) I GND I ' RC (RESEll 

cm GND cm SOfT SI4RT 

TOP VIEW 

TOP VIEW 
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ADVANCE INFORMATION 

ML4817 

High Frequency Single-Ended PWM Controller 

GENERAL DESCRIPTION 
The Ml4817 High Frequency PWM Controller is 
optimized for use in single-ended Switch Mode Power 
Supply designs running at frequencies up to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized in the error amplifier. This controller is 
designed to work in either voltage or current mode. 

A unique overload protection circuit helps to limit 
stress on the output devices. This integrating method 
of fault detection also provides for reset delay before 
restart. A 1.4V threshold current limit comparator 
provides cycle-by-cycle current limit. 

The Ml4817 oscillator features accurately 
programmable dead time control to precisely limit the 
maximum duty cycle. 

The Ml4817 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

BLOCK DIAGRAM 
IRe 

RIO 

cm osc 
RID) 

1.25V 

§-~-+I~+ -----I 

E/A OUT 

FEATURES 
• Practical Operation at Switching Frequencies to 

1MHz 
• High Current (2A peak) Totem Pole Output 
• Temperature Stable precise oscillator frequency and 

dead time 
• Precision maximum duty cycle limit 
• Integrating fault detection with reset delay 
• Fast Shut Down Path frol'(l Current limit to Output 
• Output pulls low for Under-Voltage Lockout 
• Under-Voltage Lockout circuit with 3.6V hysteresis 

R 

Q 

UNDER 
VOLTAGE 

LOCKOUT 

vee 

CLOCK 4 

OUT 12 

POWER GND 13 

5.1V vo" 15 

vee 14 

SIGN~ 

1.. ~ 
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ADVANCE INFORMATION 

ML4818 

Phase' Modulation/ Soft Switching Controller 

GENERAL DESCRIPTION 
The ML4818 is a complete phase modulation control IC 
suitable for full bridge soft switching converters. Unlike 
conventional PWM circuits, the phase modulation 
technique allows for zero voltage switching transitions 
and square wave drive across the transformer. The IC 
modulates the phases of the two sides of the bridge to 
control output power. 

The ML4818 can be operated in either current or 
voltage mode. The delay times for the outputs are 
externally programmable to allow the zero voltage 
switching transitions to take place. 

Both pulse-by-pulse current limit and integrating fault 
detection and soft start reset are provided. The under­
voltage lockout circuit features a 6V hysteresis with a 
low starting current to allow off-line start up with a 
bleed resistor. A shutdown function powers down the 
IC, putting it into a low quiescent state. 

BLOCK DIAGRAM 

The circuit can be operated at frequencies above 
1MHz. The ML4818 contains four high current totem 
pole outputs which feature high slew rate with low 
cross conduction. 

FEATURES 
• Controls Full Bridge Phase Modulation Zero 

Voltage Switching Circuit 
• Four 2A Peak Current Totem Pole Output Drivers 
• Operation to 1.SMHz 
• Voltage Mode or Current Mode Operation 
• Cycle-by-Cycle Current Limiting with Integrating 

Fault Detection 
• Precision Buffered SV Reference (±1%) 
• Under-Voltage lockout Circuit with 6V Hysteresis 
• Programmable Clock Width and Output Blanking 

Delay 

POWER DOWN 
REFERENCE 

AND 
UNDER-VOIJAGE 

LOCKOUT 

INHIBIT 
OUTPUTS 

VREF 20 
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ADVANCE INFORMATION 

ML4819 

Power Factor and PWM Controller "Combo" 

GENERAL DESCRIPTION 
The ML4819 is a complete boost mode Power Factor 
Control (PFC) which also contains a PWM controller. 
The PFC circuit is similar to the ML4812 while the 
PWM controller can be used for current or voltage 
mode control for a second stage converter. Since the 
PWM and PFC circuits share the same oscillator, 
synchronization of the two stages is inherent. The 
outputs of the controller IC provide high current 
(>1A peak) and high slew rate to quickly charge and 
discharge MOSFET gates. Special care has been taken 
in the design of the ML4819 to increase system noise 
immunity. 

The PFC section is a peak current sensing control 
which uses a current sense transformer or SENSE FET 
to non-dissipatively sense switch current, giving the 
system improved overall efficiency over the average 
current sensing control method. 

BLOCK DIAGRAM (Pin out shown is for DIP) 

5V ll(EA) 

-----

The PWM section includes cycle by cycle current 
limiting, precise duty cycle limiting for single ended 
converters, and slope compensation. 

FEATURES 
• Two 1A Peak Current Totem-Pole Output Drivers 
• Precision buffered SV Reference (±1%) 
• Large oscillator amplitude for better noise 

immunity 
• Precision duty cycle limit for PWM section 
• Current input multiplier reduces external 

components and improves noise immunity 
• Programmable Ramp Compensation circuit 
• Over-Voltage comparator eliminates output 

"runaway" due to load removal 
• Wide common mode range in current sense 

comparators for better noise immunity 
• Under-Voltage Lockout circuit with 6V hysteresis 

R 

Q 

V(REf) 
UNDER 18 

VOLTAGE 
LOCKOUT vee 

15 

R vee 

Q 

PATENTED 
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PIN CONFIGURATIONS 

PIN 
PIN ** 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

I(SENSE) A 

OVP 

MUIJIPLIER 

EA OUTA 

INVA 

I(SINE) 

DUTY CYCLE 

PWMB 

I(SENSE) B 

Rm 

ML4819 
20-Pin DIP 

TOP VIEW 

cm 

GND 

V(REF) 

PGND A 

OUTA 

Vee 

OUT B 

PGND B 

RAMP COMP 

IILlM) 

DESCRIPTION 
NAME FUNCTION 

I(SENSE) A Input from the PFC Current 
Sense Transformer to the PWM 
comparator (+). Current Limit 
occurs when this point reaches 
Sv. 

OVP Input to over voltage comparator. 

MULTIPLIER Output of Current Multiplier. A 
resistor to ground on this pin 
converts the current to a voltage. 

EA OUT A Output of error amplifier. 

INVA Inverting input to error amplifier. 

I(SINE) Current Multiplier input. 

DUTY CYCLE PWM controller duty cycle is 
limited by setting this pin to a 
fixed voltage. 

PWM B Error voltage feedback input. 

I(SENSE) B Input for Current Sense resistor 
for current mode operation or 
for Oscillator ramp for voltage 
mode operation. 

R(T) Oscillator timing resistor pin. A 
SV source across this resistor sets 
the charg:i1g current fer C{T}. 

ML4819 
20-Pin PCC 

MULTIPLIER IISENSE) A GND 

EA OUT A 

INV A 

I(SINE) 

DUTY CYCLE 

PWMB 

lovplcml 

3212019 
18 V(REF) 

PGND A 

16 OUT A 

15 Vee 

I(SENSE) B I I(LlM) I PGND B 

Rm RAMP COMP 

TOP VIEW 

OUT B 

PIN ** NAME FUNCTION 

11 I(lIM) Cycle by cycle PWM current 
limit. Exceeding 1V threshold on 
this pin terminates the PWM 
cycle. 

12 RAMP COMP Buffered output from the 
Oscillator Ramp (C(T)). A resistor 
to ground sets a current 1/2 of 
which is sourced on pins 9 and 
11. 

13 GND B Return for the high current 
totem pole output of the PWM 
controller. 

14 OUT B PWM controller totem pole 
output. 

lS Vee Positive Supply for the IC 

16 OUT A PFC controller totem pole output. 

17 GNDA Return for the high current 
totem pole output of the PFC 
controller. 

18 V(REF) Buffered output for the SV 
voltage reference. 

19 GND Analog signal ground. 

20 rlT\ T:mh'5 Capacitor for the ....... \1' 

Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Ved .................................... 35V 
Output Current, Source or Sink (Pin 12) 

DC ................................................... lOA 
Output Energy (capacitive load per cycle) ................ 5JlJ 
Multiplier I(SINE) Input (pin 6) ......................... 1.2mA 
Error Amp Sink Current (pin 3) ........................ 10mA 
Oscillator Charge Current .............................. 2mA 
Analog Inputs (pins 1, 4, 5) .................... -O.3V to 5.5V 

ELECTRICAL CHARACTERISTICS 

ML4819 

Junction Temperature ................................. 150°C 
Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec) .................. +260°C 
Thermal Resistance (IIJA) 

Plastic Chip Carrier (PCC)-Q ...................... 60°C/W 
Plastic DIP-P ...................................... 65°C/W 

OPERATING CONDITIONS 
Temperature Range 

ML4819C ..................................... O°C to +70°C 

Unless otherwise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°C 90 97 104 KHz 

Voltage Stability 12V < Vee < 25V 0.2 % 

Temperature Stability 2 % 

Total Variation line, temp 88 106 KHz 

Ramp Valley 0.9 V 

Ramp Peak 4.3 V 

R(T) Voltage 4.8 5.0 5.2 V 

Discharge Current (pin 8 open) TJ = 25°C, VP1N 16 = 2V Z5 8.4 9.3 mA 

VP1N 16 = 2V Z2 8.4 9.5 mA 

Duty Cycle Limit Comparator 

Input Offset Voltage -15 15 mV 

Input Bias Current -2 -10 JlA 

Duty Cycle VP1N 7 = VREF/2 43 45 47 % 

Reference Section 

Output Voltage TJ = 25°C, 10 = 1mA 4.95 5.00 5.05 V 

line Regulation 12V < Vee < 25V 2 20 mV 

Load Regulation 1mA < 10 < 20mA 8 25 mV 

Temperature Stability .4 % 

Total Variation line, load, temp 4.9 5.1 V 

Output Noise Voltage 10Hz to 10KHz 50 JlV 

Long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -30 -85 -180 mA 

Error Amplifier Section 

Input Offset Voltage -15 15 mV 

Input Bias Current -0.1 -1.0 JlA 

Open Loop Gain 1 < Vp1N 4 < 5V 60 75 dB 

PSRR 12V < Vee < 25V 60 90 dB 

Output Sink Current VP1N 4 = 1.1V, Vp1N 5 = 5.2V 2 12 mA 
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ML4819 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 14Kn, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMmR CONDITIONS MIN TYP MAX UNITS 

Error Amplifier Section (Continued) 

Output Source Current VplN 4 ~ 5.0V, VPIN 5 = 4.BV -0.5 -1.0 rnA 

Output High Voltage IplN 4 = -O.5mA, VPIN 5 = 4.BV 6.5 7.0 V 

Output low Voltage IplN 4 = 2mA, VplN 5 • 5.2V 0.7 1.0 V 

Unity Gain Bandwidth 1.0 MHz 

Multiplier 

I(SINE) Input Voltage I(SINE) = 500pA .4 .7 .9 V 

Output Current (pin 2) I(SINE) = SOOpA, Pin 5 = VREF - 20mV 480 495 505 pA 

I(SINE) = SOOpA, Pin 5 = VREF + 20mV 0 1 pA 

I(SINE) = 1mA, Pin 5 = VREF - 20mV 960 990 1005 pA 

Bandwidth 200 KHz 

PSRR 12V < Vee < 25V 70 dB 

Slope Compensatioo Cirwit 

RAMP COMP Voltage (pin 12) V 

lOUT (pin 1 or pin 9) IplN 12 = 100pA (note 3) 

OVP Comparator 

Input Offset Voltage Output Off -15 15 mV 

Hysteresis Output On 100 120 140 mV 

Input Bias Current -0.3 -3 pA 

Propagation Delay 150 ns 

I(SENSE) Comparators A and B 

Input Common Mode Range -0.2 5.5 V 

Input Offset Voltage I(SENSE) A -15 15 mV 

I(SENSE) B +0.4 0.7 +0.9 V 

Input Bias Current -3 -10 pA 

Input Offset Current -1 1 pA 

Propagation Delay 150 ns 

ILiMIT (A) Trip Point VPIN 3 = 5.SV 4.B 5 5.2 V 

I(UM) Comparator 

ILiMIT Trip Point .95 1.0 1.05 V 

Input Bias Current -2 -10 pA 

Propagation Delay 150 ns 

Output Section (A and B) 

Output Voltage low lOUT = -20mA 0.1 0.4 V 

lOUT = -200mA 1.6 2.2 V 

Output Voltage High lOuT = 20mA 13 13.S V 

lOUT = 200mA 12 13.4 V 

Output Voltage low in UVlO lOUT· -1mA, Vee = BV 0.1 O.B V 

Output Rise/Fall Time CL = 1000pF 50 ns 
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Ml4819 

ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMETER CONDITIONS MIN TYP MAX 

Under Voltage Lockout 

Start-Up Threshold 15 16 17 

Shut-Down Threshold 9 10 11 

V REF Good Th reshold 4.4 

Total Device 

Supply Current Start-Up, Vcc = 14V 

Operating, TJ = 25°C 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-up Threshold first to activate the Ie, then returned to lSV. 
Note 3: PWM comparator bias currents are subtracted from this reading. 

FUNOIONAL DESCRIPTION 
OSCILLATOR 

The ML4819 oscillator charges the external capacitor 
(CT) with a current (ISH) equal to S/RsH. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

where: 

and: 

T ose = TRAMP + T DEADTJME 

C (Ramp Valley to Peak) 
TRAMP=--~~--~------

ISH 

C (Ramp Valley to Peak) 
T DEADTJME = (B.4mA _ ISH) 

The maximum duty cycle of the PWM section can be 
limited by setting a threshold on pin 7. When the C(T) 
ramp is above the threshold at pin 7, the PWM output 
is held off and the PWM flip-flop is set: 

Where: 

Dose x (VPIN 7 - 0.9) 
DliMIT == --==='---.:.....:...::..:...'-----'-

3.4 

DliMIT = Desired duty cycle limit 
Dose = Oscillator duty cycle 

,-- - ----- ----1 

~n~n 
to_II-

CLOCK OUT 

I 
I 

RAMP PEAK ---~--~--

RAMP VAL~~ _L __ ~ __ 'L_ 

Figure 1. Oscillator Block Diagram 
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Figure 3. Output SatlB"ation Voltage vs. Output Current 

ERROR AMPLIFIER 

The Ml4819 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 

r---------------------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

INV 

+5V 
+8V 

.smA 

3~~~~~---------~ 
L ____________________ ..J 

figure 4. Error Amplifier Configuration 
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Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 

MUIJIPLIER 

The Ml4819 multiplier is a linear current input 
multiplier to provide high immunity to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way, small amounts of ground 
noise produce an insignificant effect on the reference 
to the PWM comparator. 

The output of the multiplier is a current proportional 
to: 

lOUT oc I(SINE) x I(EA) 

where I(SINE) is the current in the dropping resistor, 
and I(EA) is a factor which varies from 0 to 1 
proportional to the output of the error amplifier. When 
the error amplifier is saturated high, the output of the 
multiplier is approximately equal to the I(SINE) input 
current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output (pin 3). 

1----- - ------------l 
I(ERR) 

~ 

MUIl"IPLlER 

ERROR 
VOIrAGE 

9V 

MUIl"IPLlER 

I(SINE) x I(ERR) 

I L ______________________ ..J 

Figure 6. Multiplier Block Diagram 
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SLOPE COMPENSATION 

Slope compensation is accomplished by adding 1/2 of 
the current flowing out of pin 12 to pin 1 (for the PFC 
section) and pin 9 (for the PWM section). The amount 
of slope compensation is equal to (lPIN 12/2) x RL where 
RL is the impedance to GND on pin 1 or pin 9. Since 
most of the PWM applications will be limited to 50% 
duty cycle, slope compensation should not be needed 
for the PWM section. This can be defeated by using a 
low impedance load to the current sense on pin 9. 

500 

10 Rm 

20 cm 

Figure 7. Slope Compensation Circuit 
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Figure 8. Multiplier linearity 

UNDER VOLTAGE LOCKOUT 

l.5V 

500 

On power-up the ML4819 remains in the UVLO 
condition; output low and quiescent current low. The 
Ie becomes operational when Vee reaches 16V. When 
Vee drops below 10\1, the UVLO condition is imposed. 
During the UVLO condition, the 5V VREF pin is "off", 
making it usable as a "flag". 

ML4819 

r------__.5V VR" 

Vee 

Figure 9. Under-Voltage Lockout Block Diagram 
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APPLICATIONS 
POWER FACTOR SEOION 

-

120 

The power factor section in the ML4819 is similar to the 
power factor section in the ML4812 with the exception 
of the operation of the slope compensation circuit. 
Please refer to the ML4812 data sheet for more 
information. 

The following calculations refer to figure 12. The 
component designators in the equations below refer to 
the following components in figure 12: 

RT = R16, CT = C6. 

INPUT INDUOOR (L1) SELEOION 

The central component in the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 
size. 

One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent 

For the boost converter at steady state: 

V1N 
VOUT=---

1 - DON 

Where DON is the duty cycle [T ON/(T ON + T OFF)]. The 
input boost inductor will dry out when the following 
condition is satisfied: 

or 

VINDRY = [1 - DON (max)] x VOUT 

VINDRY: Voltage where the inductor dries out. 
VOUT: Output dc voltage. 

(1) 

(2) 

(3) 

Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt­
seconds. I n energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 

The recommended maximum duty cycle is 95% at 
100KHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: VOUT = 380V and 
DON (max) = 0.95 

then substituting in (3) yields VINDRY = 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 

Step 1: Find minimum operating current. 

. 1.414 x P1N(min) 
IIN(mln)PEAK = ---..:.:..:.-­

VIN(max) 

V1N(max) = 260V 
PIN(min) = SOW 

then: IIN(min)PEAK = 0.272A 

(4) 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. . 

then: ILORY = 100mA 
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ML4819 

Step 3: The value of the inductance can now be found 
using previously calculated data. 

VINDRY x DON(max) 
U= ~ 

ILORY x fosc 
20V x 0.95 

------=2mH 
100mA x 100KHz 

The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement is that the ramp compensation must 
be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 

Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of L 1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
M229PLOO-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180" for this 
application. 

OSCILLATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 

1.36 
fosc = --- (6) 

RT x CT 

For example: 

Step 1: At 100KHz with 95% duty cycle T OFF = 500ns 
calculate CT using the following formula: 

C T = T OFF x 1015 = 1000pF (7) 
Vosc 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 
RT=----

fosc x CT 100KHz x 1000pF 
(8) 

= 13.6KO choose RT = 14KO. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4819 is provided 
mternaiiy. A current equai to V c(T)i2(R18) is added to 
I(SENSE) A (pin 1). This is converted to a voltage by R10, 
adding slope to the sensed current through T1. The 
amount of slope compensation should be at least 50% 
of the downslope of the inductor current during the off 

time as reflected on pin 1. Note that slope 
compensation is a requirement only if the inductor 
current is continuous and the duty cycle is more than 
50%. The highest inductor downslope is found at the 
point of inductor discontinuity: 

diL VB - VIN DRY 380V - 20V 

dt L 2mH 
(9) 

= 0.18 A/ps 

The downslope as reflected to the input of the PWM 
comparator is given by: 

VB - VIN DRY 
SPWM =----"'----"-'---=''''-

L 1 

R11 
x -

Nc 
(10) 

Where Nc is the turns ratio of the current transformer 
(T1) used. In general, current transformers simplify the 
sensing of switch currents especially at high power 
levels where the use of sense resistors is complicated 
by the amount of power they have to dissipate. 
Normally the primary side of the transformer consists of 
a single turn and the secondary consists of several turns 
of either enameled magnet wire or insulated wire. The 
diameter of the ferrite core used in this example is 0.5" 
(SPANG/Magnetics F41206-TC). The rectifying diode at 
the output of the current transformer can be a 1 N4148 
for secondary currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4819. 

The value of the ramp compensation (SCPWM) as seen 
at pin 1 is: 

2.5 x R9 
SCPWM ==-----'­

R16 x C6 x R18 
(11) 

The required value for R18 can therefore be found by 
equating: 

SCPWM = Asc x SpWM 

where Asc is the amount of slope compensation and 
solving for R18. 

The value of R9 (pin 2) depends on the selection of R2 
(pin 6) 

VIN(max)PEAK 260 x 1.414 
R2 = = 510K 

ISINE(peak) 0.72mA 

VCLAMP x R2 4.8 x 510K 
R9> 22K 

VIN(min)PEAK 80 x 1.414 

Choose R9 = 27K 

The peak of the inductor current can be found 
approximately by: 

1.414 x 200 

(12) 

(13) 

---- = 3.14A (14) 
90 
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Selection of Nc which depends on the maximum 
switch current, assume 4A for this example is BO turns. 

VCLAMP x Nc 4.B x BO 
R11 = = --- ~ 1000 (15) 

I LPEAK 4 

Where R11 is the sense resistor, and VClAMP is the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V. In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application VClAMP was 
chosen as 4.BV. 

Having calculated R11 the value SPWM and of R18 can 
now be calculated: 

3BOV - 20 100 
SPWM = x - = 0.225V/ps 

2mH BO 

2.5 x R9 
~= ~ 

Asc x SPWM x Rr x Cr 
2.5 x 27K 

R18 = ~ 30K 
0.7 x (.225 x 1()6) x 14K x 1 nF 

Choose R1B = 33K 

The following values were used in the calculation: 

R9 = 27K 
Rr = 14K 

Asc = 0.7 
,Cr = 1nF 

VOLTAGE REGULATION COMPONENTS 

The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately 0.5JJA, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be O.4W then with 
3BOV output voltage the value can be calculated as 
follows: 

Rs = (3BOV)2/0.4W = 360K (17) 

ML4819 

1 
C8 =------

3.142 x Rs x BW 
(19) 

1 
C8 = = O.44JJF 

3.142 x 356K x 2Hz 

OVERVOITAGE PROTECTION (OVP) COMPONENTS 

The OVP loop should be set so that there is no 
interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above Your 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R7 = 356K then Ra 
can be calculated as: 

VREF x R7 5V x 356K 
Ra = = = 4.564K (20) 

Vovp - VREF 395V - 5V 

Choose 4.53K, 1%. 

Note that Rs, R& R7 and Ra should be tight tolerance 
resistors such as 1% or better. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The Start-Up Circuit in figure 12 can be either a "bleed 
resistor" (39Kn, 2W) or the circuit shown in figure 13. 
The bleed resistor method offers the advantage of 
simplicity and lowest cost, but may yield excessive turn­
on delay at low line. 

When the voltage on pin 15 (Vcd exceeds 16V, the IC 
starts up. The energy stored on the C10 supplies the IC 
with running power until the supplemental winding on 
T3 can provide the power to sustain operation. 

IN 

STARr·UP 
CIRCUIT 

133 
2K 

V(IEF) >--I..JV\~""": 

RJ2 

RJO 
RJl 4.3K 

S10K 

OUT 
L....-II~--+TO vee 

Choose two 17BK, 1% connected in series. 2K 
L-...... _~-l 

DIS 
lN4001 

Then ~ can be calculated using the formula below: 

VREF x Rs 5V x 356K 
~ = = = 4.747K (1B) 

VB - VREF 3BOV - 5V 

Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 

Figure 13. Start-Up Circuit 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
IEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 
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PWM SECTION 

The PWM section in figure 12 is a two switch forward 
converter, shown in figure 14 below for clarity. This fully 
clamped circuit eliminates the need for very high 
voltage MOSFETs. Flyback topology is also possible with 
the ML4819. 

385VOC I-~---------, 

012 

Q3 

Ml4819 

Figure 14. liNo-Switch Forward Converter 

This regulator (figure 12) uses current mode control. 
Current is sensed through R24 and filtered for high 
frequency noise and leading edge transient through 
R23 and C14. The main regulation loop is through 
PWM B. The TL431 (U3) in the secondary serves as both 
the voltage reference and error amplifier, with isolation 
provided by an opto coupler (U2) providing a current 
command signal on pin 8. Loop compensation is 
provided by R29 and C20. The output voltage is set by: 

( R29 ) VOUT ~ 2.5 1 +-
R28 

The control loop is compensated using standard 
compensation techniques. 

(21) 

Current is limited to a threshold of 2A (1V on R24). The 
duty cycle is limited in this circuit to below 50% to 
prevent transformer (T3) core saturation. The maximum 
duty cycle limit of 45% is set using a threshold of 
VREF/2 on pin 7. 

The circuit in figure 12 can be modified for voltage 
mode operation by utilizing the slope current which 
appears on pin 9 as shown in figure 15 below. 

The ramp amplitude appearing on pin 9 will be 

IR18 
VR =- x R(V) (22) 

2 

where R18 is the slope compensation resistor. Since this 
circuit operates with a constant input voltage (as 
supplied by the PFC section) voltage feed-forward is 
unnecessary. 

CD 

V(REF) 

FROM 
R23, C14 

R13 

R14 

FROM U2, R15 

Figure 15. Voltage Mode Configuration 

CONSTRUCTION AND LAYOUT TIPS 

High frequency power circuits require special care 
during breadboard construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FET, output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
D6, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 

The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FET. The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor. 

The IC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 
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Component Values/Bill of Materials for Figure 12 

Component Description Component Description 

C1, C3 0.6pF, 630V Film (250 VAC) R4 12K 

C2 330pF, 400V Electrolytic RS, R7 357K,1% 

C4 6800pF, 1 KV Ceramic R6 4.75K, 1% 

C5, C6 1000pF R8 4.53K,1% 

C7 10pF, 35V R9 27K 

C8, C11, C13, C15, C16 1pF, Ceramic R10, R18 33K 

C9, C20, C21 0.1pF, Ceramic R11 910 

C10 1500pF, 25V Electrolytic R12, R22 100 

C12, C17 1pF, Ceramic R13, R14 4.7K 

C14 2200pF R15 4.3K 

C18 1500pF, 16V Electrolytic R16 15K 

C19 4.7pF R17 30 

01-05 1N5406 R20 Z50 

06 MUR850 R21, R19 3K 

07, 010 1N4148 R23 1000 

08 3V Zener diode or 4 x 1 N4148 R24, R25 10 
in series 

R26 1.5K 
09 MUR110 

R27 1.2K 
011,012 MUR150 

R28 8.66K,1% 
013 083-004K 

R29 2.26K,1% 
015 1N4001 

R30 2K,1W 
016,014 1 N5818 or 1 N5819 

R32, R33 2K 
F1 SA, 250Y, 3AG 

T1 Spang F41206-TC or 
L 1 2mH, 4A IpEAK Siemens B64290-K45-X27 or X830 or 

Core: Ferroxcube 4229-3C8 Ferroxcube 768T188-3C8 
150 Turns !!24 AWG Ns = 80, Np = 1 
0.150" gap 

T2 Same core as T1 
L2 10pH Ns = Np = 15 bifilar 

Core: Spang OF 43019 UGOO 
8 Turns !!15AWG gap 0.05" 

T3 Core: Ferroxcube 4229-3C8 
Pri. 44 Turns !!18 Litz wire 

Q1-Q3 IRF840 Sec. 4 Turns of copper strip 

Q4,Q5 2N2222 
Aux. 2 Turns !!24 AWG 

Q6 IRF821 
U2 MOC8102 

R1 330K U3 TL431 

R2, R31 510K 

R3 5.6K 
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PART NUMBER 

ML4819CP 
ML4819CQ 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro Linear 

PACKAGE 

Molded DIP 
Molded PCC 



'Micro Linear 
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PRELIMINARY 

ML4823 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The Ml4823 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed for single-ended applications using voltage or 
current mode and provides for input voltage feed 
forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit and exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and prevent 
multiple pulsing. An under-voltage lockout circuit with 
800mV of hysteresis assures low startup current and 
drives the outputs low during fault conditions. 

The Ml4823 is fabricated on a 40V bipolar process 
FB3480 Power Supply Controller Array. Customized 
versions of this controller are therefore easily 

BLOCK DIAGRAM 

implemented. Please refer to the FB3480 datasheet for 
more information. 

This controller is similar in architecture and 
performance to the UC1823 controller, however the 
Ml4823 includes features not found on the 1823. 
These features are set in Italics. 

FEATURES 
• Practical Operation at Switching Frequencies to tOM Hz 
• High Current (2A peak) Totem Pole Output 
• Wide Bandwidth Error Amplifier 
• Fully latched logic 
• Pulse-by-Pulse Current limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage lockout with Hysteresis 
• 5.1V, ±1% Trimmed Bandgap Reference 
• Pin Compatible Improved Replacement for UC1823 
• Fast Shut Down Path from Current Limit to Outputs 
• Soft Start Latch Ensures Full Soft Start Cycle 
• Outputs Pull Low for Undervoltage Lockout 

CLOCK OUT 
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PIN CONNECTIONS 
ML4823 

16-Pin DIP 

PI N DESCRIPTION 
PIN II NAME FUNCTION 

1 INV Inverting input to error amp. 

2 NI Non-inverting input to error amp. 

3 E/A OUT Output of error amplifier and 
input to main comparator. 

4 CLOCK Oscillator output. 

5 R(T) Timing Resistor for Oscillator -
sets charging current for oscillator 
timing capacitor (pin 6). 

6 C(T) Timing Capacitor for Oscillator. 

7 RAMP Non-Inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

8 SOFT START Normally connected to Soft Start 
Capacitor. 

PIN II 

9 

10 

11 

12 

13 

14 

15 

16 

ML4823 
20-Pin pee 

5.1V REF 

OUTPUT 

NC 

I(LlMI REF 

RAMP t NC t GNO 

son I(LlMI/S.O. 
STARr 

TOP VIEW 

NAME FUNCTION 

I(UM)/S.D. Current limit sense pin. Normally 
connected to current sense 
resistor. 

GND Analog Signal Ground. 

I(UM) REF Reference input for cycle-by-cycle 
current limit comparator. 

PWR GND Return for the High Current 
Totem pole outputs. 

Ve Positive Supply for the High 
Current Totem pole outputs. 

OUT B High Current Totem pole output. 

Vee Positive Supply for the IC 

S.1V REF Buffered output for the S.lV 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 15, 13) .............................. 30V 
Output Current, Source or Sink (Pins 11, 14) 

DC .................................................. O.5A 
Pulse (O.5ps) .......................................... 2.0A 

Analog Inputs 
(pins 1, 2, 7, 8, 9) .............................. -O.3V to 6V 

Clock Output Current (Pin 4) .......................... -SmA 
Error Amplifier Output Current (Pin 3) .................. SmA 
Soft Start Sink Current (Pin 8) ......................... 20mA 
Oscillator Charging Current (Pin 5) .................... -SmA 
Junction Temperature 

ML4823M ........................................... 150°C 
ML48231, ML4823C .................................. 125°C 

Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) ................ +260°C 

ELECTRICAL CHARACTERISTICS 

ML4823 

Thermal Resistance (DJA) 
Plastic DIP ........................................ 65°ClW 
Ceramic DIP ...................................... 65°C/W 
Plastic Chip Carrier (PCC) ......................... 60°ClW 

OPERATING CONDITIONS 
Temperature Range 

ML4823M ................................ -55°C to +125°C 
ML48231 ................................... -40°C to +85°C 
ML4823C ..................................... O°C to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratmgs 
are stress ratings only and functional device operation is not 
implied. 

Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SY. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vec < 30Y, (note 1) 0.2 2 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Reference Section 

I ML4823C TJ = 25°C, 10 = 1mA 5.00 5.10 5.20 V 
Output Voltage 

I ML4823M, ML48231 5.05 5.10 5.15 V 

Line Regulation 10V < Vcc < 30V 2 20 mV 

Load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < TJ < 150°C, (note 1) .2 .4 % 

I ML4823C line, load, temp, (note 1) 4.95 5.25 V 
Total Variation 1 ML4823M, ML48231 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

Long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Error Amplifier Section 

I ML4823C 15 mV 
I n put Offset Voltage I ML4823M, ML48231 10 mV 

Input Bias Current .6 3 pA 

Input Offset Current .1 1 pA 

Open Loop Gain 1 < Vo < 4V 60 95 dB 
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ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, RT = 3.651<0, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V. 

PARAMETER CONDITIONS MIN TYP MAX I UNITS 

Error Amplifier Section (Continued) 

CMRR 1.5 < VeM < 5.5V 75 95 dB 

PSRR 10 < Vee < 30V 85 110 dB 

Output Sink Current VPIN 3 = lV 1 2.5 mA 

Output Source Current VPIN 3 = 4V -.5 -1.3 mA 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output Low Voltage IplN 3 = lmA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 Vips 

PWM Comparator Section 

Pin 7 Bias Current VPIN 7 = OV -1 -5 pA 

I ML4823C 0 85 % 
Duty Cycle Range 

I ML4823M, ML48231 0 80 % 

Pin 3 Zero DC Threshold VplN 7 = OV 1.1 1.25 V 

Delay to Output (note 1) 50 80 ns 

Soft -Start Section 

Charge Current VplN 8 = O.5V pA 

Discharge Current VPIN 8 = 1V mA 

Current Limitl Shutdown Section 

Pin 9 Bias Current OV < VplN 9 < 4V +10 pA 

Current Limit Offset VPIN 11 = 1.lV 0 30 mV 

Pin 11 Common Mode Range 1.0 1.25 V 

Shutdown Threshold 1.25 1.4 1.55 V 

Delay to Output (note 1) 40 70 ns 

Output Section 

lOUT = 20mA .25 .4 V 
Output Low Level 

lOUT = 200mA 1.2 2.2 V 

lOUT = -20mA 13.0 13.5 V 
Output High Level 

lOUT = -200mA 12.0 13.0 V 

Collector Leakage Ve = 30V 100 500 pA 

RiselFall Time CL = 1000pF, (note 1) 30 60 ns 

Under-Vohage Lockout Section 

Start Threshold V 

UVLO Hysteresis V 

Supply Current 

Start Up Current Vee = 8V mA 

lee VPIN 1, 7, 9 = Ov, VPIN 2 = 1V mA 

Note 1: This parameter not 100% tested In production but guaranteed by design. 

6-88 '-Micro Linear 



FUNCTIONAL DESCRIPTION 
OSCILlATOR 

The ML4823 oscillator charges the external capacitor 
(CT) with a current (ISET) equal to 3/RsET. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Ql. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T osc = TRAMP + T DEADTIME 
where: TRAMP = C (Ramp Valley to Peak)/lsET 

and: T DEADTIME = C (Ramp Valley to Peak)IIQ1 

100 lK 10K 

FREQ (Hz) 

Figure 2. Oscillator Timing Resistance vs Frequency 
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Figure 3. Oscillator Deadtime vs Frequency 
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Ml4823 

ERROR AMPLIFIER 

The Ml4823 error amplifier is a 5.5MHz bandwidth 
12V/p.s slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 

V,N I 
~ 3 II \\ 

1/ V~UT 11\ 
_V L_ 

~ f-
1 

o 0.2 0.4 0.6 0.8 1.0 

TIME Ipsl 

Figure 5. Unity Gain Slew Rate 

OUTPUT DRIVER STAGE 

The Ml4823 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

r Vee 

POWER 
Vc 

OUT 

POWER 
GND 

Figure 7. Simplified Schematic 
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ORDERING INFORMATION 

PART NUMBER 

Ml4823CP 
Ml4823CQ 
Ml48231P 
Ml48231Q 
Ml4823M) 
Ml4823CS 

ML4823 

SOFT START AND CURRENT LIMIT 

The Ml4823 employs two current limits. When the 
voltage at pin 9 exceeds the l(lIM) REF threshold on 
pin 11, the outputs are immediately shut off and the 
cycle is terminated for the remainder of the oscillator 
period by resetting the RS flip flop. 

If the output current is rising quickly (usua"y due to 
transformer saturation) such that the voltage on pin 9 
reaches 1.4V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 8) is 
discharged and outputs are held "off" until the voltage 
at pin 8 reaches 1V, ensuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 8. 

TEMPERATURE 
RANGE 

O·C to +70·C 
O·C to +70·C 
-40·C to +8S·C 
-40·C to +8S·C 
-SS·C to +12S·C 
O·C to +70·C 

PACKAGE 

Molded DIP 
Molded PCC 
Molded DIP 
Molded PCC 
Hermetic DIP 
Molded SOIC 
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.Q~ Micro Linear 
ML4825 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The ML4825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequen\=y 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 

The ML4825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 

BLOCK DIAGRAM 
R(T) 

C(T) 

1.25V 

~11f-+------I 

E/A OUT 

easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is similar in architecture and 
performance to the UC1825 controller, however the 
ML4825 includes many features not found on the 1825. 
These featu res are set in Italics. 

FEATURES 
• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current (2A peak) Dual Totem Pole Outputs 
• Wide Bandwidth Error Amplifier 
• Fully Latched Logic with Double Pulse Suppression 
• Pulse-by-Pulse Current Limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with Hysteresis 
• 5.1\1, ±1% Trimmed Bandgap Reference 
• Pin Compatible Improved Replacement for UC1825 
• Fast Shut Down Path from Current Limit to Outputs 
• Outputs Preset to Known Condition After Under 

Voltage Lockout 
• Soft Start Latch Ensures Full Soft Start Cycle 
• Outputs Pull Low for Undervoltage Lockout 
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PIN CONNECTIONS 
ML4825 

16-Pin DIP 

PIN DESCRIPTION 
PIN # NAME FUNCTION 

INV Inverting input to error amp. 

2 NI Non-inverting input to error amp. 

3 EtA OUT Output of error amplifier and 
input to main comparator. 

4 CLOCK Oscillator output. 

S R(T) Timing Resistor for Oscillator -
sets charging current for oscillator 
timing capacitor (pin 6). 

6 cm Timing Capacitor for Oscillator. 

7 RAMP Non-Inverting input to main 
comparator. Connected to Cm for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

8 SOFT STARr Normally connected to Soft Start 
Capacitor. 

PIN # NAME 

9 I(LlM)tS.D. 

10 GND 

11 OUT A 

12 PWR GND 

13 Ve 

14 OUT B 

15 Vee 

16 S.1V REF 

'Micro Linear 

ML4825 
20-Pin PCC 

S.1V REF 

ML4825 

OUTB 

Vc 

NC 

OUT A 

FUNCTION 

Current limit sense pin. Normally 
connected to current sense 
resistor. 

Analog Signal Ground. 

High Current Totem pole output. 
This output is the first one 
energized after Power On Reset. 

Return for the High Current 
Totem pole outputs. 

Positive Supply for the High 
Current Totem pole outputs. 

High Current Totem pole output. 

Positive Supply for the IC 

Buffered output for the S.1V 
voltage reference. 
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ML4825 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 15, 13) .............................. 30V 
Output Current, Source or Sink (Pins 11, 14) 

DC .................................................. O.5A 
Pulse (O.5ps) .......................................... 2.0A 

Analog Inputs 
(Pins 1, 2, 7) ................................... -O.3V to 7V 
(Pins 9, 8) ..................................... -O.3V to 6V 

Clock Output Current (Pin 4) .......................... -SmA 
Error Amplifier Output Current (pin 3) .................. SmA 
Soft Start Sink Current (Pin 8) ......................... 20mA 
Oscillator Charging Current (Pin 5) .................... -SmA 
Junction Temperature 

ML4825M ........................................... 150°C 
ML48251, ML4825C .................................. 125°C 

Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) ................ +260°C 

ELECTRICAL CHARACTERISTICS 

Thermal Resistance ((lJA) 
Plastic DIP ........................................ 65°C/W 
Ceramic DIP ...................................... 65°C/W 
Plastic Chip Carrier (PCC) ......................... 60°C/W 

OPERATING CONDITIONS 
Temperature Range 

ML4825M ................................ -55°C to +125°C 
ML48251 ................................... -40°C to +85°C 
ML4825C ..................................... DoC to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SY. 

PARAMETER CONDITIONS MIN lYP MAX I UNITS 

Oscillator 

Initial Accuracy TJ = 25°C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vee < 30Y, (note 1) 0.2 2 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Reference Section 

I ML4825C TJ = 25°C, 10 = 1mA 5.00 5.10 5.20 V 
Output Voltage I ML4825M, ML48251 5.05 5.10 5.15 V 

Line Regulation 10V < Vee < 30V 2 20 mV 

Load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < TJ < 150°C, (note 1) .2 .4 % 

I ML4825C line, load, temp (note 1) 4.95 5.25 V 
Total Variation I ML4825M, ML48251 line, load, temp (note 1) 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 flV 

Long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Error Amplifier Section 

~V \ I IL"TU..::..J ....... . - . .. 
Input Offset Voltage I ML4825M, ML48251 10 mV 

Input Bias Current .6 3 flA 

Input Offset Current .1 1 flA 

Open Loop Gain 1 < Vo < 4V 60 96 dB 
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ML4825 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV, 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Error Amplifier Section (Continued) 

CMRR 1.5 < VeM < 5.5V 75 95 dB 

PSRR 10 < Vee < 30V 85 110 dB 

Output Sink Current VplN 3 = lV 1 2.5 mA 

Output Source Current VPIN 3 = 4V -.5 -1.3 rnA 

Output High Voltage 'piN 3 = -O.5mA 4.0 4.7 5.0 V 

Output low Voltage IplN 3 = lmA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 VIliS 

PWM Comparator Sectioo 

Pin 7 Bias Current VPIN 7 = OV -1 -5 /lA 
I Ml4825C 0 85 % 

Duty Cycle Range I Ml4825M, Ml48251 0 80 % 

Pin 3 Zero DC Threshold VPIN 7 = OV 1.1 1.25 V 

Delay to Output (note 1) 50 80 ns 

Soft-Start Section 

Charge Cu rrent VplN 8 = O.5V IlA 

Discharge Current VPIN 8 = lV rnA 

Current Limit/Shutdown Section 

I Ml4825C OV < VPIN 9 < 4V +15 IlA 
Pin 9 Bias Current I Ml4825M, Ml48251 OV < VPIN 9 < 4V +10 IlA 

Current limit Threshold .9 1 1.1 V 

Shutdown Threshold 1.25 1.4 1.55 V III 
Delay to Output (note 1) 40 70 ns 

Output Section 

lOUT = 20mA .25 .4 V 
Output low level 

lOUT = 200rnA 1.2 2.2 V 

lOUT = -20rnA 13.0 13.5 V 
Output High level 

lOUT = -200mA 12.0 13.0 V 

Collector leakage Ve = 30V 100 500 /lA 
Rise/Fall Time Cl = 1000pF, (note 1) 30 60 ns 

Under-Voltage Lockout Section 

Start Threshold V 

UVlO Hysteresis V 

Supply Current 

Start Up Current Vee = 8V 1.1 2.5 mA 

lee VPIN 1, 7, 9 = Ov, VplN 2 = lV, 26 33 rnA 
TA = 25°C 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
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ML4825 

FUNCTIONAL DESCRIPTION 
OSCILlATOR 

The ML4825 oscillator charges the external capacitor 
(Cl) with a current (lSfT) equal to 3/RsfT' When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T OSC = TRAMP + T DEADllME 

where: TRAMP = C (Ramp Valley to Peak)/ISfT 

and: T DEADllME = C (Ramp Valley to Peak)IIQ1 

CLOCK n n 
--:---'~ 10-+11-

RAMP PEAK 
-~------- -

CT 

- ---- --- -
RAMP VALLEY 

Figure 1. Oscillator Block Diagram 
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Figure 2. Oscillator Tming Resistance vs Frequency 
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ERROR AMPLIFIER 

The ML4825 error amplifier is a 5.5MHz bandwidth 
12Vlf.Js slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 5. Unity Gain Slew Rate 
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OUTPUT DRIVER STAGE 

The ML4825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 7. Simplified Schematic 
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SOFT START AND CURRENT LIMIT 

The ML4825 employs two current limits. When the 
voltage at pin 9 exceeds 1'1, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches l.4V before the outputs have 
turned off, a soft start cycle is initiated. The soft start 
capacitor (pin 8) is discharged and outputs are held 
"off" until the voltage at pin 8 reaches 1'1, ensuring a 
complete soft start cycle. The duty cycle on start up is 
limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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ML4825 

ORDERING INFORMATION 
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PART NUMBER 

ML4825ep 
ML4825eQ 
ML4825IP 
ML48251Q 
ML4825Mj 

TEMPERATURE 
RANGE 

ooe to +70oe 
ooe to +70oe 
-40oe to +85°e 
-40°e to +85°e 
-55°e to +125°e 

'Micro Linear 

PACKAGE 

Molded DIP 
Molded pee 
Molded DIP 
Molded pee 
Hermetic DIP 
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September 1989 

PRELIMINARY 

FB3480 

Power Supply Controller Array 

GENERAL DESCRIPTION 
The FB3480 Power Supply Controller Array is a new 
concept in Switch Mode Power Supply Controller 
(SMPS) technology. This Array is the first configurable 
bipolar array specifically designed for SMPS 
applications. The FB3480 is optimized for high 
performance and low design cost and time, since most 
of the commonly used SMPS functions have been pre­
designed and characterized. 

With the FB3480 a power supply designer can select 
his own unique controller topology and features 
without the need for external components. This 
flexibility allows compact PC board layout, minimizing 
interference from induced RFIIEMI, and enhancing 
high frequency performance. 

The FB3480 contains all of the elements found in most 
SMPS controllers in addition to areas of uncommitted 
circuitry on the Array which can be configured for 
unique applications. The core of the array is similar in 
performance to the UC1825 controller and consists of 
an oscillator, precision voltage reference, error 
amplifier and two totem pole high current output 
stages, which are specifically optimized for high 
performance at high frequency. These cells can be 
connected with other available circuitry on the chip to 
form a complete SMPS controller. The "uncommitted" 

BLOCK DIAGRAM 

sections of the array can be configured into 
comparators, logic, and other functions, to implement 
a complete control. In addition, closely matched 
resistors are available to precisely control thresholds 
and gain settings on the chip. 

The FB3480 array is used to make several state of the 
art standard products, including the ML4825 and 
ML4809. Cells from these and future Micro Linear 
FB3480 based standard products can be made available 
for customer designs. 

FEATURES 
• Practical operation to Switching Speeds above 

1 MHz 
• Precision Bandgap Reference .................. ±1% 
• 2 A peak push-pull output stages for high speed 

drive of power MOSFETs 
• Fast comparator to output response time .. <SOns 
• Available in DIP or PLCC 
• Mil-Temp available 
• Additional user-definable logic, comparators and 

other circuitry available on chip 

'Micro Linear 
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FB3480 

CIRCUIT CAPACITY 
The FB3480 consists of pre-configured optimized 
functional cells which are commonly found in SMPS 
controllers. In addit!on the FB3480 has additional 
transistors and resistors available for user configuration. 
The Array topology is optimized to implement a full 
featured high performance SMPS controller utilizing 
both the "Dedicated Resources" (oscillator, error amp, 
reference and power output) and additional fully 
configurable resistors and transistors. 

ML4825 

Component Used 

NPN Current Sink 20 

NPN Transistors 27 

Dual Emitter NPN 6 

NPN Follower (1 Emitter) 0 

NPN Follower (2 Emitter) 10 

Low Voltage 4 Collector PNP 3 

High Voltage 4 Collector PNP 2 

PNP Current Source 3 

Zeners (NPN Diodes) 2 

2 A NPN Transistors 4 

Implanted Resistors 37 

Base Resistor 3 

Bondable Pads 16 

DEDICATED, RESOURCES 
The table below lists the dedicated functions which are 
available on the FB3480. Each of these blocks is 
described in more detail beginning on page 4. 

The FB3480 can be configured to fully implement the 
ML4825 improved pin compatible replacement for the 
popular UC1825 controller and still have resources on 
chip for additional functions. 

The table below lists uncommitted resources which are 
still available after implementing the following 
controller designs completely. 

The FB3480's unused elements can be configured into: 

ML4823 FB3480 

Unused Used Unused lOtaI 

9 15 14 29 
" 

29 21 35 56 

8 3 11 14 

8 0 8 8 

7 7 10 17 

8 3 8 11 

2 2 2 4 

3 2 4 6 

4 0 6 6 

0 2 2 4 

18 29 26 55 

5 3 5 8 

12 16 12 28 

REF ** Description Count 

OSC1 1.5 MHz. FMAJ( R-C Oscillator 1 

REF1 ·5.1 V PrecisiOn Reference 1 

PWR1 2 A Peak Push-Pull Totem Pole 2 
Output Buffer 

EA1 5.5 MHz Bandwidth, 12V/pS Slew 1 
Rate Error Amp 

UV1 Under-Voltage Lockout Circuit 1 
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UNCOMMllTED RESOURCES 
The FB3480 includes a large number of transistors and 
resistors which are used to make up the circuit 
functions or "cells" which are available for design and 

FB3480 

listed beginning on page 8. The table below lists how 
many of these components are available and their 
typical performance characteristics. 

TYPICAL PERFORMANCE CHARACTERISTICS OF UNCOMMITTED RESOURCES 

Transistors 

!3@ !3@ 1(,8/2) 
Ref II Description 100 fJA 1 rnA (Note 1) VCEO VCIIO Fr (MHz) Count 

TNl NPN Low Voltage 100 20 12 25 450 55 

TN3 NPN Power (100 mAl 100 60 45 55 450 1 

TN4 Dual Emitter NPN 100 20 45 55 450 10 

TN5 NPN Emitter Follower 100 20 12 25 450 8 

TN6 NPN Dual Emitter Follower 100 20 12 25 450 17 

TN7 NPN Current Sinks 100 20 12 25 450 29 

TPl Lateral Low V PNP 30 1 15 25 4 8 

TP2 Lateral High V PNP 30 1 45 45 4 3 

TP3 Substrate PNP 60 1 45 45 20 1 

Diodes 

Description VREVERSE IFORWARD (rnA) 

NPN Diode 6.8 2 

Resistors 

Ref II Type Value Tolerance Ratio Matching Count 

RBl Base ,2KO 20'){, O.')'X, (, 

Rll Implant 2KO 20% 1.0% 29 
---" 

RI2 Implant 8KO 20% 1.0% 8 

R13 Implant 30KO 20% 3.0% 5 

Note 1: This column indicates the useful current handling capability of the transistor and IS defined as the current at which the f3 IS down to 
1/2 of its nominal (1001'A for PNP and 1mA for NPN) value. 

Transistors TP1, TP2, and TP3, are constructed with 
four separate collectors and can be used as current 
sources as shown below. TN7 is a special NPN 
transistor which includes a 2000 resistor cell and is 
intended to be used as a current sink in conjunction 
with the on chip bias reference generator. 

: VBIAS OUT 

200 RBIAS 

Current Sources CPl and CP3 are examples of current 
sources which can be constructed with the PNP 
transistors. CPl is a basic biasing current source, 
where the 3 output currents are equal to the input 
current. CP3 has an additional circuit to cancel the 
base current error and is more accurate and linear. 

I 

.J 
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FB3480 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ....................................... 36V 
Output Current, Source or Sink (Power Outputs) 

DC .................................................. O.5A 
Pulse (0.5 pS) ....................................... 2.0A 

Input Voltage (logic, comparators etc.) ..... -0.3V to 6V 
Error Amplifier Output Current ..................... SmA 
Oscillator Charging Current ....................... -SmA 
Junction Temperature .............................. 150°C 
Storage Temperature Range ........... -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) ............ +260°C 

FB3480 CORE CELL DESCRIPTIONS 
Oscillator 
The FB3480 oscillator charges the external capacitor 
(CT) with a current (ISH) equal to V(1)/RT. When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 

r-- ------------, 
OSC1 

S.1V 
3V 

A 

L- _-=:. __________ -=-__ I 

OPERATING TEMPERATURE RANGE 
Plastic Packages (PCC or DIP) ........... -40°C to +85°C 
Ceramic Packages ...................... -55°C to +125°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

to the lower threshold. While the capacitor is 
discharging, a high pulse is provided on (3). 

Several configurations are available for the FB3480 
oscillator: 

1. Basic ML4825 oscillator: A fixed discharge time is 
provided by saturating a transistor for IDIS. This 
dischiJ.rge current is approximately 10 mA. Charge 
time is fixed since pin 4 is set to 3V by the internal 
resistor divider at node A. 

2. Controlled Discharge: IDiS is equal to: 

16 x V(pin 5) 

RDT 

3. Voltage Controlled Oscillator. The connection at 
node A is open and pin 4 is brought out. The 
control range is from 1V to 5.5V. The voltage at pin 
4 sets the charge and discharge currents (if option 
2 above is implemented) thereby controlling the 
frequency of the oscillator. 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, these specifications apply for RT = 3.65KO, CT = 1000pF, 
-55°C < T) < 150°C, Vee = 15V) fixed deadtime, A connected. 

DESIGN LIMITS 

Parameter Conditions Min Typ Max Units 

OSCl and OSC2 Oscillator 

Initial Accuracy TJ = 25°C 360 400 440 KHz 

Voltage Stability 10V < Vcc < 30V 0.2 2 % 

Temperature Stability -55°C < TJ < 150°C 5 % 

Total Variation line, temp. 340 460 KHz 

Clock out High 3.9 4.5 V 

Clock out low .2.3 2.9 V 

Ramp Peak 2.6 2.8 3.0 V 
i------" ._- _.- ~~-~- -"---- ~- - --- --~- -------- -----

Ramp Valley 0.7 1.0 1.25 V 

Ramp Valley to Peak 1.6 1.8 2.0 V 

Capacitor Discharge Current 10 mA 

Current Consumption 3.2 mA 

Typical VCO Control Range 1.5 < OSC2-4 < 5V 75% 175% fNOM 
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Oscillator (Continued) 

The Oscillator period can be described by the 
following relationship: 

T ose = Tramp + T deadt'me 

where: Tramp = C (Vupper - Vlower)/lcharge 
and: Tdeadt,me = C (Vupper - Vlower)/ldis 

Voltage Reference and Undervoltage lockout 

The FB3480 voltage reference is a buffered trimmed 
bandgap design with excellent thermal characteristics. 
The undervoltage lockout circuit (UV1) monitors Vee 
and compares it to a zener voltage with hysteresis in 
the comparator. When the supply is sufficiently high to 

I 

' 9}JA 
I 

1 

vcc 

UVI 

05Cl-3 n n 
----'~ 

TD--II-
VYH UPPER 
-~----------- ---

O5Cl-2 

- ------- ----- - --
VTH LOWER 

FB3480 

allow operation of the controller, pin 1 of UV1 goes 
true, enabling VREF1, which runs the bias circuitry for all 
the logic. In this way, when the Vee is under voltage, 
the array goes into a low current consumption mode. 
The thresholds for UV1 can be selected. 

VREFl I 
I I L_.: __________ -1 L __ .: ___________ -1 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vee = 15\1, -55°C < TJ < 150°C) 

DESIGN LIMITS 

Parameter Conditions Min Typ Max Units 

VRl 

Output Voltage TI = 25°C, 10 = lmA 5.05 5.10 5.15 V 

Line Regulation 10V < Vcc < 30V 2 20 mV 

Load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < TI < 150°C .2 .4 mV/oC 

Total Output Variation line, temp. 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 /1V 

Long Term Stability TI = 125°C, 1000 Hrs 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Current Consumption .7 mA 

UVl 

Start Threshold 8.8 9.2 9.6 V 

UVOL Hysteresis .4 .8 1.2 V 
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Error Amplifier 
The FB3480 error amplifier is a 5.5 MHz bandwidth, 
12V1JlS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 

ELEO"RICAL CHARACTERISTICS (unless otherwise noted, Vee = 15Y, -55°C < TJ < 150°C) 

Parameter Conditioos 

EAl 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Open loop Gain 1 <Vo<4V 

CMRR 1.5 < VCM < 5.5V 

PSRR 10 < Vcc < 30V 

Output Sink Current VEA1-l = 1V 

Output Source Current VEAH = 4V 

Output High Voltage IEA1-l = -{).5mA 

Output low Voltage IEA1-l = lmA 

Unity Gdln B.mdwldth 
I--- . - ------

SII'W ~dt!' 

Curf!'nt Consumption IEA1-1 = 0 

Output Driver Stage 
The FB3480 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. The external translator to the left of the 
PWR1 cell is shown as an example of how to interface 
from logic signals to the output stage and is made up 
of uncommitted resources available on the Ie. 

DESIGN LIMITS 

Min lYP 

.6 

.1 

60 96 

75 95 

85 110 

1 2.5 

-.5 -1.3 

4.0 4.7 

0 0.5 

3 5.5 

6 12 

.1.5 

ELEO"RICAL CHARACTERISTICS (unless otherwise noted, Vee = 15Y, -55°C< TJ < 150°C) 

DESIGN LIMITS 

Parameter Conditions Min lYP 
PWRl 

Output low level (VOL) lOUT = 20mA 0.25 
lOUT = 200mA 1.2 

Output High level (VOH) lOUT = -20mA 13.0 13.5 
lOUT = -200mA 12.0 13.0 

Collector leakage Vc = 30V 100 

Rise/Fall Time CL = 1000pF 30 

Current Consumption lOUT = 0 7.3 
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Max I Units 

10 mV 

3 pA 

1 pA 

dB 

dB 

dB 

mA 

mA 

5.0 V 

1.0 V 

MHz 

VIpS 

mA 

Max Units 

0.40 V 
2.2 V 

V 
V 

500 pA 

60 nS 

rnA 



UNCOMMITTED RESOURCE CELLS 
The functions listed below are pre-simulated "ce.lls" 
which are available for use. These "cells' are made up 
from the uncommitted resources described on page 3. 

Comparators 

ElECTRICAL CHARACTERISTICS (unless otherwise noted, Vee = 15\1; -55°C < TJ < 150°C) 

Parameter Conditions 

CMPl - Simple NPN Comparator 

Output Low Level lOUT = 1mA 

Output High Level lOUT = -1mA 

Input Offset Voltage 

Input Common Mode Range 

TpHL 

T pLH 

Voltage Gain 

Quiescent Current Consumption 

CMP2 - Simple Ground Sensing PNP Input Comparator 

Output Low Level lOUT = 1mA 

Output High Level lOUT = -1mA 

Input Offset Voltage 

Input Common Mode Range 

T pHL 

T pLH 

Voltage Gain 

Quiescent Current Consumption 

r - - - S~lV - - - - ..., 

I I 

CMPl 
I -=-L _________ J 

r-------------
S.lV I 

I 

I CMP2 I 
L ____ : _______ -' 

DESIGN LIMITS 

Min lYP Max 

3.6 4.1 

4.35 4.7 

10 

1 4.1 

20 

20 

28 

1 

3.6 4.1 

4.35 4.7 

20 

GND 3.1 

25 

25 

28 

1 

r----------------
I S.1V I 
I I 

I 

CMP3 

L _______________ -' 

r-----------., 
5.1V I 

CMP4 
L ____ -= ______ .J 
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Units 

V 

V 

mV 

V 

nS 

nS 

VIV 

mA 

V 

V 
~.-. 

mV 

V 

nS 

nS 

VIV 

mA 
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Comparators (Continued) 

ELECTRICAL CHARAOERISTICS (unless otherwise noted, Vee = 1SV, -55°C < TJ < 150°C) 

DESIGN LIMITS 

Parameter Conditions Min lYP 
CMP3 - High Gain NPN Comparator 

Output low level lOUT = 1mA 3.6 

Output High level lOUT = -1mA 4.35 

Input Offset Voltage 20 

Input Common Mode Range 1 

TpHl 35 

TplH 35 

Voltage Gain 700 

Quiescent Current Consumption 1 

CMP4 - Very High Gain NPN Comparator 

Output low level lOUT = 1mA 3.6 

Output High level lOUT = -1mA 4.35 

Input Offset Voltage 10 

Input Common Mode Range 1 

T"Hl 500 

TplH 500 

Voltage Gain 15,000 

Quiescent Current Consumption 1 

BUFl - Voltage Follower (Buffer) 

Input Bias Current 

Output Voltage Range lOUT < 1mA 0 

Offset Voltage 

Input Common Mode Range 1 

Open loop Voltage Gain 1000 

Slew Rate Cl < 1pF 2 

Quiescent Current Consumption .375 

lSl - 1.25V level Shift 

Input Bias Current 

VOUT - Y,N 1.1 

I 

":" BUFI L _________ I I ":" LSI L _____ _ 
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1.25V I 

I 

Max 

4.1 

4.7 

4.1 

4.1 

4.7 

4.1 

4 

4.1 

10 

4.1 

12 

1.4 

Units 

V 

V 

mV 

V 

nS 

nS 

VIV 

mA 

V 

V 

mV 

V 

nS 

nS 

VIV 

mA 

flA 

V 

mV 

V 

VIV 

VIpS 

mA 

flA 

V 



Internal Logic Macro Functions 

The FB3480 logic section is a pre-characterized library 
made up of high speed, high noise immunity Emitter 
Function logic (EFl) and Emitter Coupled logic (ECl) 
functions. This logic family uses uncommitted low 
voltage transistors and resistors which are available to 
be metallized (described on page 3) to make up the 
logic functions below. 

Ref II Description TNl TN4 

Gl 2-lnput 2-0utput OR 3 

G2 2-lnput 2-0utput AND 1 

G3 2-lnput Complementary Output ORINOR 2 

G4 2-lnput Complementary Output 4 ANDINAND 

G5 2-lnput NOR 3 

G6 2-lnput AND 1 

G7 2-lnput OR 3 

G8 2-lnput NAND 4 

GTl EFl to TIL 2-lnput OR Open Collector 4 

GT2 EFl to TIL 2-lnput OR Totem Pole 5 

Fl R-S Flip Flop 2 1 

F2 Positive Edge Triggered D Flip Flop 4 2 

F3 Positive Edge Triggered T Flip Flop 6 5 

F4 T Flip Flop with Preset 8 1 

~ ~ Gl G3 
B 2 B Q 

~ ~ G2 G4 
B 2 B Q 

[] [] 
0 0 F4 

C Q 

FB3480 

This family features the ability to "wire or" the outputs 
as well as having a very flexible structure and fast 
propogation delay times. For more information on 
designing with EFl logic, please refer to the Application 
Hints on page 12. 

Component Utilization Design Umits 

TN5 TN6 TN7 DNl RBl tpD (nS) Icc (rnA) 

1 1 1 7 .375 

1 2 1 1 5 .7 

2 1 2 7 .375 

2 2 2 2 7 .7 

1 1 1 7 .375 

1 2 1 1 5 .7 

1 1 1 7 .375 

1 2 1 1 7 .7 

1 2 2 10 .7 

2 3 5 13 1.125 

1 1 1 8 375 
._".- r- -

2 3 1 10 1.12, 
-- ,---

5 3 12 U17'; 

6 4 12 2.26 

~ ~ 
~ ~ 

~--: 
B I 

GTl ':' I L ______ 
- - - I 

r --------1 

L_ - - - --
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APPLICATIONS INFORMATION 
DESIGNING AND SPECIFYING A CONTROLLER 

The FB348O's core cell architecture is designed to 
simplify the task of designing a PWM controller for 
unique needs or specific tasks. Micro linear will design 
the IC for a nominal initial lot charge providing that the 
design uses the cells described in this datasheet. A 
specification for a customized FB3480 controller 
requires the following elements: 

1. A block diagram describing the interconnection of 
the cells. This could also take the form of a modified 
block diagram from any of Micro linear's standard 
products (such as the Ml4809 or Ml4825). The block 
diagram should be drawn in terms of the cells 
described in this datasheet. 

2. Packaging requirements. The FB3480 has 28 bondable 
pads. Industrial temperature range units can be 
packaged in 28 pin Plastic leaded Chip Carrier 
(PlCC) Plastic DIP packages from 14 to 28 pins. 
Military temperature range units can be packaged in 
Ceramic DIP packages from 14 to 28 pins. 

3. Test specifications. 

4. Operating Temperature Range requirements. 

An accurate indication of circuit performance can be 
obtained by prototyping with one of Micro linear's 
standard products built from the FB3480 (such as the 
Ml4825 or Ml4809) and using "off the shell" 
comparators and logic of similar performance to that 
specified in the FB3480 datasheet. 

DESIGNING WITH EFL LOGIC 

The FB3480's logic section is a co~lection of high 
frequency NPN transistors, current sink transistors, 
resistors and diodes which can be configured into a 
variety of high speed logic functions. The logic family 
used in the FB3480 is Emitter Function logic (or EFl) 
which features speed, flexibility and simplicity. Since 
most of the logic is interconnected "on chip'; buffering 
to drive PC board layout capacitances is not needed, 
further minimizing the number of transistors which are 
used to accommplish the necessary logic. In addition, 
the output structure lends itself to accomplishing 
"wired-or" functions. 

The family's output voltage swings are between (VREF -
VBE), logic 1, and (VREF - 2VBE), logic 0, where VREF is 
set to 5.1V internally. Input threshold~ are called VBH 
and VBl and are set by the threshold generator shown 
below to (VREF - VBE/2) for a logic 1 and (VREF - 3 • 
VBE/2) for a logic O. 

S.W 

lOGIC BIAS THRESHOLD GENERAtOR 

In the example below, G1 is a full OR gate. When 
either input A or input B exceeds VBl (1.5 * VBE down 
from the supply), Q1 is cut off, putting the base of Q4 
at VREF, which puts VREF - VBE on the output at the 
emitters of Q4. When both A and B are below VBI.J Q1 
conducts forcing the voltage on its collector to drop to 
(VREF - VBE). This occurs since TN7 is set so that its 
current (375 pA) will cause a VBE drop to occur in a 
2Kn resistor. The output emitters of Q4 will be at VBASE 
- VBE, or (VREF - 2VBE)· 

r - - - - - - iiv- - - - - - , 
I I 

I 

I '::' Gl L _____________ J 

G6 is an AND gate using a dual emitter input. When 
either emitter is allowed to go below VBl (VBH - VBE), 
TN1 conducts, which causes the output to go low. If 
both inputs are above VBI.J TN4's base sits at VREF, 
which makes TN4's output (VREF - VBE). 

-= G6 
L __________ , 
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APPLICATIONS INFORMATION (Continued) 

When multiple outputs are tied together, they function 
like an OR gate. Only one of the output emitters need 
to go "high" for the line to become true. This assumes 
that the node is loaded with one current sink. 

Comparator functions with combinational logic can also 
be easily constructed using this family. Note that G1 has 
a full differential input stage. By applying a voltage (V1) 
on the base of Q1, the output will be true when A or B 
exceed V1. A similar example using an AND function is 
shown below. 

With the FB3480, a power supply designer can select 
his own unique controller topology and features 
without the need for external components. This 
flexibility allows compact PC board layout, minimizing 
interference from induced RFI/EMI, and enhancing high 
frequency performance. 

Inverting or complementary outputs can be obtained 
easily from most simple logic functions simply by 
moving the load resistor and output transistor base 
connection to the opposite collector. 

FB3480 

------------5,1\,-------1 
1 

":" G2 L ____________________ , 

'Micro Linear 
6-109 

il 
I" 
I 



'Micro Linear FB3490 

General Purpose PWM Controller Array 

GENERAL DESCRIPTION 
The FB3490 Power Supply Controller Array is 
optimized for use in Switch Mode Power Supply 
designs at frequencies up to 750 KHz. These "core 
cells" (Oscillator, Reference, Output Drivers) are 
optimized for high performance while retaining 
maximum flexibility. In addition, this array contains 
cells (or tiles) which can be used for logic, amplifiers, 
comparators and other special functions. 

With the FB3490, a power supply designer can select a 
unique controller topology and feature set without the 
need for external components. Design and layout of a 
unique controller is simplified through the use of 
many pre-defined and pre-simulated "soft macros" 
which can be made available for customer designs. 

This array is similar in performance to the UC1846 and 
was used to implement the Ml4812 Power Factor 
Controller. Cells from these and future Micro linear 
FB3490 based standard products can be made available 
for customer designs. 

BLOCK DIAGRAM 

FEATURES 
• Practical Operation at Switching Frequencies to 

750 KHz 
• Dual High Current (1A peak) Totem Pole Outputs 
• ±0.5% Trimmed Bandgap Reference 
• Multiple Error Amp systems possible 
• Extensive library of "soft macro" building block 

functions available for user design 
• 40V bipolar dual layer metal process 
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Resonant Mode Controller Array 

GENERAL DESCRIPTION 
The FB3491 is an application focused tile array 
intended for resonant mode power supply controller 
applications. This array, built on our 40 volt technology, 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section and the oscillator, are customized to 
obtain a higher level of performance for these critical 
circuit functions. 

The array has four high current (2A peak) output 
transistors to implement two high current, low cross 
conduction, totem pole type output drivers. The high 
current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFET devices. 

High speed emitter function logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than SOns from current sense 
to output shutdown can be achieved. An oscillator that 
is capable of operating up to 3MHz and a precision 
reference with an accuracy of ±1% and a temperature 
stability of 50 ppm/oC are examples of the level of 
performance that can be achieved. 

Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 

FEATURES 
• Array Optimized for Resonant Mode Power Supply 

Control Circuits 
• High Current (2A) Output Transistors for Fast 

Output Drivers 
• Can Implement all the Circuit Blocks for a High 

Performance Resonant Mode Controller 
• 6 Analog Circuit Blocks and 40 Gate Complexity 
• 40 Volt, 400 MHz Technology 

ARRAY SUMMARY 

NPN Transistors 315 

PNP Transistors 126 

Power NPN Transistors 4 

Schottky Transistors 33 

Total Diffused Resistance 570K 

Total Implant Resistance 2600K 

Total MOS Capacitance 34pF 

Total Components 1248 

Bond Pads 30 

Die Size (mils) 140 x 181 

FB3491 - Resonant Mode Controller Array 
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'Micro Linear F83492 

Phase Modulation Controller Array 

GENERAL DESCRIPTION 
The FB3492 is an application focused tile array 
intended for phase modulated power supply controller 
applications. This array, built on our 40 volt technology, 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section, the oscillator, and the voltage reference 
are customized to obtain a higher level of performance 
for these critical circuit functions. 

The array has eight high current (2A p'eak) output 
transistors to implement four high current, low cross 
conduction, totem pole type output drivers. The high 
current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFET devices. 

High speed emitter function logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than SOns from current sense 
to output shutdown can be achieved. An oscillator that 
is capable of operating up to 3MHz and a precision 
reference with an accuracy of ±1% and a temperature 
stability of 50 ppm/oC are examples of the level of 
performance that can be achieved. 

Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 

FEATURES 
• Array Optimized for Phase Modulated Power 

Supply Control Circuits 
.' High Current (2A) Output Transistors for Fast 

Output Drivers 
• Can Implement all the Circuit Blocks for a High 

Performance Phase Modulation Controller 
• 9 Analog Circuit Blocks and 60 Gate Complexity 
• 40 Volt, 400 MHz Technology 

ARRAY SUMMARY 

NPN Transistors 323 

PNP Transistors 131 

Power NPN Transistors 8 

Schottky Transistors 39 

Total Diffused Resistance 580K 

Total Implant Resistance 2500K 

Total MOS Capacitance 34pF 

Total Components 1290 

Bond Pads 29 

Die Size (mils) 140 x 201 

FB3492 - Phase Modulation Controller Array 
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SEMI-STANDARD ANALOG ICs 

Custom ICs are often required to achieve a proprietary 
edge in high performance analog systems. 
Unfortunately, the high risk and long development 
cycles are often prohibitive, forcing the system 
designer into specifying much less optimum, and less 
competitive off-the-shelf standard ICs. Semi-standard 
analog ICs provide a cost effective alternative that 
combines the competitive advantage of a custom 
circuit with the low risk of a standard product. 

The level of technical risk and the time-to-market of 
this approach is significantly reduced over a full 
custom or semi-custom IC development. The risk is 
lower because only an incremental change is made to 
an already proven device. The time-to-market 
advantage comes from a combination of a much 
shorter development time for the semi-standard and 
the added benefit of being able debug the system 
level issues by using the standard product. 

MODIFIED STANDARD PRODUaS 
Semi-standard analog ICs are created by modifying 
existing standard products. Modifications can span all 
the way from a functional circuit change to a simple 
variation in the part marking. Examples of the range of 
possible semi-standard modifications are as follows: 

Circuit Modifications 

Modify Functional Blocks 
Change Input/Output levels 
Adjust Gain/Thresholds 

Power and Motion Control 
High Frequency PWM Control 
Resonant Control 
Sensorless Motor Control 

Data Communkations Transceivers 
Fiber Optic LED Drivers 
Fiber Optic Quantizer 
10Base·T Trans: AUIIMPR 

Analog Telecom/ NCTE 
Signal Equalizers 
Gain/Attenuators 
Sine Wave Generators 
Tone Detectors 

Hard Disk Drives 
Pulse Detectors 
Data Separators 
Dedicated Servo Control 
Voice Coil Driver 

Data Conversion & Filtering 
8, 10 & 12 A/D Converters 
8·Bit D/A Converters 
Switched Cap Filter 

Technology 

BT 
BT 
BT 

BT 
BT 
BT 

CS 
CS 
CS 
CS 

BT 
BT 
BT 
BT 

CS 
CS 
CS 

(Code: BT = B.polar T.le Arrays; CS = CMOS Standard Cells) 

Semi-Standard Overview 

Shift logic levels (ECl, TTL, CMOS) 
Move Current limit Point 
Reduce Bandwidth 
Improve Power Consumption 
Tweak Charge/Discharge Currents 
Adjust Voltage Reference 

Other Semi-Standard Modifications 

Change Part Marking 
Extend the Temperature Range 
Add Electrical Tests 
Modify the Pinout 
Change the Package 

Circuit modifications are easily made to Micro linear's 
standard products because they are built using our 
proprietary Tile Array technology. Tile Arrays are 
collections of active and passive components arranged 
in a pattern on an integrated circuit chip. Each 
standard product is developed, by designing two layers 
of metal interconnect to implement the specific circuit 
functions required for the product. 

Micro linear produces standard products using bipolar 
tile arrays and CMOS standard cell technologies. The 
Tile Array technology allows the widest range of 
functional and performance modification possibilities. 
The CMOS standard cell technology, while not flexible 
for functional modifications, can still accommodate 
performance, specification, or physical changes. A 
summary of the types of modifications possible for 
each group of standard products is shown below in 
Table A 

Functional Performance Specification or 
Modifications Modifications Packaging Changes 

Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

No Yes Yes 
No Yes Yes 
No Yes Yes 
No Yes Yes 

Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

No limited Yes 
No limited Yes 
No limited Yes 

Table A. Semi-Standard Reference Guide 
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SEMI-STANDARD DEVELOPMENT 
A semi-standard circuit can be easily and quickly 
developed from a standard product. The customer 
need· only define the functional, performance, and 
physical nature of the modifications necessary to the 
Micro Linear standard product to meet his system 
requirements. Micro Linear then will perform the 
circuit design and complete the performance 
verification simulations. At this point a design review is 
held with the customer to make sure all aspects of the 
development are in accordance with the customers 
requirements. Micro Linear then proceeds with making 
the necessary layout changes, manufacturing, testing 
and delivering the prototypes. This complete 
development flow is illustrated in figure B. 

7-2 '-Micro Linear 
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.. Micro Linear USICs 
Analog and Mixed AnalogI Digital 

Tile Arrays 

Micro Linear's Tile Arrays can implement a wide range 
of complex circuit and performance applications. They 
are comprised of uncommitted active and passive 
components arranged in an organized tile pattern on 
an integrated circuit chip to provide maximum 
flexibility and ease of interconnection. After a circuit is 
designed and simulated, several metal patterns are 
created to connect the components and produce a 
customized analog USIC. USIC is an acronym for User 
Specific Integrated Circuit. USICs are ICs that are 
specific to a customer or user and are commonly 
referred to as ASICs. 

Mini Tile Architecture 
The pattern of the components on each array is based 
on Micro Linear's proprietary mini tile approach. Each 
mini tile is comprised of a group of components 
selected and arranged to implement circuit functions. 
For example, a T1 mini tile has three NPNs, one PNp, 
and various resistors. This is the most common mini­
tile and has the highest frequency of placement on the 
arrays. A T1 mini tile can implement many of the basic 
integrated circuit functions such as, differential 
amplifiers, current mirrors and level shifters. A T5 mini­
tile has twelve precision resistors and six small NPN 
transistors. The precision resistors make this mini tile 
ideal as the core part of a DAC. A T2 mini tile has two 
matched NPNs, medium current NPN, PNP output 
transistors, and most importantly a MaS capacitor. A 
T2 mini tile is used, with a few T1s, to implement an 
operation amplifier with the MaS capacitor used for 
on-chip frequency compensation. 

Other mini tiles are optimized for specific aspects of 
circuit performance. For example, T13 mini tiles are for 
high frequency design, T16 mini tiles contain a power 
schottky transistor for non-saturating output stages, and 
T14 and T15 mini tiles have a 2 amp NPN and a 
medium current PNP respectively for implementing a 
high current complementary output stage. Please refer 
to the mini tile description in this section for a 
complete listing and explanation of the various mini 
tiles. 

The mini tile architecture is such that is provides an 
optimum balance between flexibility and low cost. It 
has the flexibility required to implement a wide range 
of circuit functions and achieves low cost by an 
efficient use of silicon. The cost of a circuit utilizing 
this mini tile architecture is competitive with cost of an 
equivalent discrete implementation. 

Custom Circuit Alternatives 
The architecture of most analog arrays are designed to 
achieve maximum flexibility with high performance. 
They typically consist of a collection of components 
arranged in a symmetrical, regular pattern. These 
general purpose arrays attempt to meet the widest 
range of circuit function requirements. Micro Linear's 
FB3610, FB3620, FB3630 are examples of this type of 
array. 

A standard cell, full custom integrated circuit is at the 
other end of the custom IC spectrum from general 
purpose arrays. This approach uses previously designed 
circuit functions and puts them together like a puzzle. 
The cells can be optimized for the specific application 
and performance requirements. This approach also 
carries with it the disadvantages of significantly longer 
development times and higher costs compared to the 
array approach. These longer times and costs become 
extremely painful when considering that most custom 
ICs require several iterations before production ready 
devices are achieved. 

The increasing performance requirements of potential 
custom IC applications is slowly pushing the analog 
arrays to their performance limit. Also, the strong need 
for shorter development times and lower risk 
eliminates standard cell as an option. An ideal solution 
to all of these requirements is an application focused 
array approach that combines the best of both array 
and full custom solutions. 

Application Focused Arrays 
These application focused arrays are optimized for 
specific application and/or market areas. They consist 
of custom designed tiles along with general purpose 
tiles. The custom tiles are optimized for maximum 
performance for those circuit functions where the 
performance is critical to the system performance. 
These custom tiles can then be programmed with two 
layers of metal to select the functionality required for 
the specific application. The general purpose mini tiles 
are provided for added flexibility to implement the less 
critical circuit blocks. 

Since this is an array approach, it has the advantages 
of short development times and low costs. Because the 
critical circuit functions are custom, maximum 
performance is achieved. Because of this, application 
focused arrays offer an attractive, low risk approach for 
custom integrated circuits. 
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Micro Linear's FB3480 Power Supply Controller array is 
an excellent example of an application focused array. 
Also the FB3490 General Purpose PWM Controller array, 
the FB3491 Resonant Mode Controller array and the 
FB3492 Phase Modulation Controller array are all 
focused arrays intended for the various aspects of 
power supply application markets. These arrays are 
described in further detail in the power supply section 
of this book. 

Our FB3651 LAN Transceiver array is an application 
focused array for local area network Transceiver 
applications. This array can implement all of the analog 
and timing functions for a cable line driver/receiver. 
Please refer to the Data Communications section for 
more information on this array. 

Another example of application orientation of analog 
arrays is the FB3623 High Power Array described herein. 
The FB3623 is divided into two separate sections, one 
custom designed specifically for high power output 
drivers and the other section with general purpose mini 
tiles for maximum circuit flexibility. 

Tile Array Families 
Two different families of arrays are available depending 
on the voltage and speed requirements needed for the 
circuit to be integrated. The FB3600 is a 12-volt, high 
speed tile array family and the FB3400 is a 40-volt, 
moderate speed tile array family. 

FB3600 TIle Arrays 

The FB3600 family of arrays are built using a 12-volt, 
1 GHz technology. The arrays are configured with mini­
tiles. Each tile is a collection of specific components 
such as NPN or PNP transistors, resistors, capacitors, 
etc. The mini tile approach to array design results in an 
optimum use of silicon such that very cost-effective 
solutions can be realized. 

Array Summary 

FB3605 - Small High Frequency 
FB3610 - Small General Purpose 
FB3620 - Medium General Purpose 
FB3621 - Medium High Frequency 
FB3622 - Medium with Power Schottky 
FB3623 - Medium with High Power NPNs 
FB3630 - large General Purpose 
FB3631 - large Mixed Analog/Digital 
FB3635 - large Mixed Analog/Digital 

FB3400 Tile Arrays 

The FB3400 family of arrays are built using a 40-volt, 
300 MHz technology. A mini tile approach similar to 
the FB3600 family is used to achieve the same flexibility 
and efficient use of silicon. Circuits common to 
automotive and military applications that use ±15 volt 
power can be integrated on the FB3400 arrays. 

Array Summary 

FB3410 - Small General Purpoe 
FB3420 - Medium General Purpose 
FB3430 - large General Purpose 

High Performance and High Complexity 
Applications 
Micro Linear's FB3600 family of arrays are ideal for 
many applications in areas such as communications, 
signal processing, telecom, industrial control, computer 
peripheral, and navigation as examples. High frequency 
circuits like a 90 MHz voltage controlled oscillator or a 
100 MHz cascode amplifier can be implemented. 
Output drive capability up to 2 amps (4 x O.5A), 
precision circuits with 0.5% accuracies and offset 
voltages as low as 1 mV (trimmed) are possible on the 
tile arrays. Circuit complexities as high as 24 analog 
circuit blocks or 8 op amps and 130 gates of ECl logic 
all can be integrated on a single tile array. 

This high level of performance has allowed USICs to be 
used in a very diverse applications. Any system that 
requires small board space, low weight, low cost and 
high performance is a candidate for integration into a 
tile array. Some examples of circuits/systems that have 
been successfully integrated on Micro Linear tile arrays 
are: 

• laser diode bias control circuit for a fiber optic 
communication system 

• Optical receiver for a laser gyroscope 

• Fiber optic quantizer for optical transmission systems 
(see Ml4621) 

• PWM control circuit for DC motors 

• Starlan transceiver for local area networks 

• Twisted pair transceiver for serial data 
communications 

• VCO/data detect/signal processing circuits for a high 
density tape drive 

• Complete signal processing function for a hearing 
aid 

• Dual preamp for tape drive storage system 

• Aircraft power monitor control circuit 

• Chip set that implements the complete servo control 
loop for hard disk systems (see Ml4401, Ml4402, 
Ml4403, Ml4404) 

• Pulse peak detector for hard disk drive (see 
Ml8464C) 

Additional application information is available in the 
application notes section of this catalog. 

Packaging 
Many types of packaging are available for the tile arrays. 
Devices can be assembled, tested and produced in 
volume in plastic and ceramic dual-in-line (DIP), plastic 
and ceramic chip carriers (plCC, lCC) as well as new 
surface mount technologies like small outline packages 
(SOIC). Tape and reel format shipments are available for 
automated assembly requirements. Please refer to the 
USIC package selection guide in this section. 
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Design Methodology 
Micro Linear has extensive experience designing and 
producing state-of-the-art analog and mixed analog 
digital USICs. The key aspects of our successful 
methodology include: computer simulations with very 
accurate component models; in depth design reviews 
with the customer; expert mask layout and computer 
checking; and complete packaging and testing 
capability. 

Computer Simulations 

The expected performance of the finished IC is verified 
with computer simulations. Extensive simulations are 
performed on a mainframe computer using Micro 
Linear's proprietary SPICE simulator. The simulations are 
performed over the worst case conditions of 
temperature and power supply voltages, as well as the 
expected process variations, to ensure a reliable and 
manufacturable device. 

The accuracy of the simulations are strongly dependent 
on the accuracy of the component simulation models. 
Micro Linear device simulation models are developed 
from extensive characterization measurements on 
finished devices. They are verified by matching the 
characteristics the simulation program predicts versus 
regularly updated measurements from the finished 
production worthy devices. 

Design Reviews 

A thorough design review can have a significant 
positive impact on the success of a USIC development. 
At Micro Linear detailed design reviews are conducted 
with the customer engineer and several Micro Linear 
engineers in attendance. All aspects of the design are 
reviewed including system performance, circuit 
schematics, simulation results, layout plan, test 
strategies, and package options. Upon completion of 
this review both the customer and Micro Linear have a 
high confidence for completely functional prototypes. 

USICs 

USIC Development Program 
A brief summary of the steps involved in 
developing an USIC with Micro Linear are: 

1. SEND INFORMATION TO MICRO LINEAR 
Customer sends block diagrams, schematics, 
and specification requirements on prospective 
USIC to Micro Linear for review. 

2. TECHNICAL REVIEW AND QUOTE 
Micro Linear reviews the customers block 
diagrams, schematics, and specifications and 
responds with technical assessment, costs and 
development times. 

3. FINALIZE DEVELOPMENT PLAN 
Micro Linear and customer agree on the 
development plan. 

4. FINALIZE CIRCUIT REQUIREMENTS 
Micro Linear consults closely with the 
customer to completely understand the 
functional and performance requirements. 

5. CIRCUIT DESIGN AND SIMULATION 
Micro Linear performs the circuit design and 
simulation verification. 

6. DESIGN REVIEW 
Customer participates in a detailed design 
review with Micro Linear engineers. 

7. MASK LAYOUT 
Micro Linear performs the mask layout for the 
circuit on the chosen tile array. 

8. INTEGRATION 
Micro Linear performs the integration steps 
including: Masks making, wafers processing, 
wafer test, packaging, and prototype testing. 

9. DELIVER PROTOTYPES 
Micro Linear delivers prototypes to customer. 

10. CUSTOMER EVALUATES PROTOTYPES 
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l1II~ Micro Linear USICs 
FB3600 Tile Array Selection Guide 

Array FB3605 FB361 0 FB3620 FB3621 FB3622 FB3623 FB3630 FB3631 FB3635 

Large Large 
Small Small Medium Medium Medium Medium Large Mixed Mixed 
High General General High Power High General Analogi Analogi 

Description Frequency Purpose Purpose Frequency Schottky Power Purpose Digital Digital 

Mini Tile Summary 

T1 General 10 48 64 48 48 64 112 92 36 

T1A General 10 

T2 Specialized 2 6 12 8 12 12 24 12 4 

T2A Specialized 2 

T3 Power 2 4 4 2 4 4 4 2 

T4 low Noise 4 4 4 2 4 

T5 Precision 4 4 8 2 

T6 NPN Intensive 8 8 

T7 High Frequency 12 12 4 12 

T8 Schottky Core 4 

T9 ECl logic 10 22 42 

Tl0 ECl logic Bias 1 1 

Tll TIL Output 8 4 8 8 

T12 Schottky Peripheral 2 

T13 High Frequency 4 

T14 High Power NPN 4 

T15 Medium Current PNP 4 

T16 Power Schottky 14 

T17 General 1 

Array Summary 

Complexity' 
Analog 4 6 12 8 12 12 24 12 9 
Digital 28 62 130 

NPN Transistors 260 178 268 329 276 272 472 690 901 

PNP Transistors 32 78 124 88 108 132 232 154 63 

Schottky Transistors 16 8 14 16 48 

Total Diffused Resistance 240K 288K 425K 495K 432K 425K 768K 850K 818K 

Total Implant Resistance 816K 1563K 2048K 2064K 1920K 2048K 3584K 3928K 3064K 
----- -----

Total MOS Capacitance 20pF 30pF 60pF 40pF 60pF 60pF 120pF 60pF 40pF 

Total Components 840 742 1092 1508 1370 1360 1944 2806 2805 

Bond Pads 24 24 32 32 28 27 46 44 44 

Die Size (mils) 70 x 110 82 x 102 102 x 115 102 x 115 112 x 125 115 x 122 131 x 150 142 x 156 131 x 150 

* Analog complexIty IS in one 741 op-amp or two 339 comparator equivalents. 
Digital complexity is in two input NAND gate equivalents. 

(See also Power Supplies Arrays in section 6) 
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Component Performance 

COMPONENT FB3600 FAMILY 

NPN Transistor hFE = 120 
fT = 750MHz 
BVceo = 14V 

NPN Large Transistor (FB3623 Only) hFE = 100 
fT = 750MHz 
BVceo = 14V 
Ie = O.5A 

PNP Substrate Transistor hFE = 60 
fT = 24MHz 
BVceo = 25V 

PNP Lateral Transistor hFE = 30 
fT = 12MHz 
BVceo = 25V 

Diffused Resistor 2% matching with ±20% absolute value 

Precision Resistors 0.5% matching with ±20% absolute value 

Implant Resistors 4% matching with ±25% absolute value 

MOS Capacitor ±20% absolute value 

• 
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FB3600 Mini Tile Description 

T1 Mini Tile 
The T1 mini tile contains the components that 
constitute the major portion of most analog 
designs. It can implement many common 
building block functions such as current mirrors, 
differential gain stages and level shifters. It is the 
most general-purpose analog building block and 
has the greatest frequency of placement within 
the arrays. 

T1 A Small T1 Mini TIle 

The T1A mini tile is a slightly modified T1 general 
purpose mini tile. It has the same active device 
count but has about half the resistor segments. 
lust like the T1 mini tile this tile is configured to 
implement many of the fundamental circuit 
blocks in integrated circuit design such as current 
mirrors, differential amplifiers and level shifters. 

T2 Mini Tile 

Many analog building blocks, such as op-amps, 
use a T2 mini tile along with multiple T1 mini 
tiles. This mini tile has the second greatest 
frequency of placement within the arrays. The 
MlC3630 is a silicon dioxide capacitor whose 
value can be programmed up to 5pF. This 
capacitor is often used to provide on-chip 
compensation for operational amplifiers. 

T2A Small T2 Mini Tile 
This mini tile is very similar to but smaller than 
the T2 mini tile. This mini tile is typically used in 
conjunction with several T1 mini tiles. 
Operational amplifiers that use an on-chip 
compensation capacitor are built with a T2 or 
T2A and T1 mini tiles. 

13 Mini TIle 

This mini tile contains two NPN power transistors 
for output stages driving up to 100mA each. 
These mini tiles are located in peripheral 
positions around the chips, in close proximity to 
the bonding pads. 

T4 Mini TIle 
This mini tile contains two large six emitter low 
noise NPN transistors. These transistors are used 
in circuits which requjre noise performance of 
less than 5nVv'Hz. These transistors can also be 
medium capacity power transistors. 
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Componmts 

MLC3600 minimum NPN 
MLC3611 lateral PNP 
MLC3620 7500 base resistor 
MLC3621 4KO implant resistor 
MLC3622 8KO implant resistor 

MLC3600 minimum NPN 
MLC3611 lateral PNP 
MLC3620 7500 base resistor 
MLC3621 4KO implant resistor 

MLC3601 circular emtter NPN 
MLC3602 three emitter NPN 
MLC3610 minimum vertical PNP 
MLC3612 2X vertical PNP 
MLC3630 5pF MOS capacitor 

MLC3602 three emitter NPN 
MLC3612 2X vertical PNP 
MLC3630 5pF MOS capacitor 

MLC3605 power NPN 

MLC3604 6X low noise NPN 

Qty. 

3 

1 

8 
4 
2 

4 

2 

4 

2 



T5 Mini Tile 

This mini tile contains six minimum geometry 
NPN transistors and twelve precision resistor links. 
These special resistors have a nominal ohmic 
value of 850n and are matched to within an 
accuracy of 0.5%. It is possible to construct R-2R 
ladders to be used in the core of an 8-bit DAC by 
using two T5 mini tiles. 

T6 Mini Tile 

The T6 mini tile is designed for NPN intensive 
transistor circuit design. ECl logic can be 
implemented with this tile. 

T7 Mini Tile 

This mini tile contains six dual base contact 10mA 
high speed, low noise NPN transistors. Each of 
these small transistors has a 50n base resistance. 
Two T7 tiles can implement 100MHz cascode 
amplifier or a 60MHz video amplifier. 

T8 Mini Tile 

The T8 mini tile contains a mixture of schottky 
and other components for analog design. The 
schottky devices are useful for clamping signal 
levels and in certain high speed comparator 
designs. 

T9 Mini Tile 

This mini tile contains one basic ECl logic cell 
which can implement one data latch (with set & 
reset). Two basic ECl logic cells can implement 
one edge triggered D-type flip-flop (with set and 
reset). An alternative usage for one basic ECl logic 
cell would be to implement three 2-input ECl 
gates, two 4-input ECl gates or one 8-input ECl 
gate. The actual gate can be a NAND, AND, OR or 
NOR gate. Two of the minimum NPNs have their 
collectors tied to V CC. 

T10 Mini Tile 

The T10 mini-tile provides the necessary 
temperature adjusted reference voltages for 
biasing the ECl logic. Unlike analog voltage 
references, ECl logic needs the bias reference to 
vary with temperature. This mini tile has its 
function predefined for most applications. 

T11 Mini Tile 

This mini tile contains components for building an 
output buffer for a TTL or CMOS output stage 
(TTL fanout of 2). The mini tile can convert the 
on-chip ECl logic levels to TTL or CMOS logic 
levels. 

T12 Mini Tile 

The T12 mini tile contains additional Schottky 
components for building TTL or CMOS input or 
output buffers. 

Inn nnla I 
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Components 

MlC3600 minimum NPN 
MlC3625 8500 precision rllslstor 

MlC3600 minimum NPN 
MlC3620 7500 base resistor 
MlC3621 4KQ implant resistor 

MlC3600 minimum NPN 
MlC3606 double base NPN 
MlC3620 7500 base resistor 
MlC3621 4KO implant resistor 

Qty. 

6 
12 

6 
8 
4 

2 
6 
16 
8 

MlC3607 minimum schottky NPN 2 
MlC3602 three emitter NPN 
MlC3612 2X vertical PNP 
MlC3608 minimum schottky diode 4 
MlC3630 5pF MOS capacitor 

MlC3600 minimum NPN 
MlC3600A two minimum NPNs 
MlC3600B minimum NPN 
MlC3600C minimum diode 
MlC3620 7500 base resistor 
MlC3621 4KO implant resistor 

MlC3600 minimum NPN 
MlC3611 lateral PNP 
MlC3612 2X vertical PNP 
MlC3620 7500 base resistor 
MlC3621 4KO implant resistor 
MlC3630 5pF MOS capacitor 

MlC3600 minimum NPN 
MlC3609 6X schottky NPN 
MlC3613 2X schottky NPN 
MlC3620 7500 base resistor 
MlC3621 4KO implant resistor 
MlC3624 500 emitter resistor 

MlC3607 minimum schottky NPN 

8 
2 
2 
2 

12 
8 

13 

2 
1 

30 

2 

MlC3609 6X schottky NPN 2 
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T13 High Frequency Mini TIle 

High frequency circuit design requires specially 
designed components. This mini tile contains 
transistors with low internal base resistance and 
low value, small area base resistors essential for 
high frequency circuit design. The low value 
resistors are critical in high frequency design as 
load resistors to achieve a practical output swing 
with the high currents necessary to maximize the 
bandwidth of the transistors. The small area of 
these resistors is also very important because it, 
minimizes the parasitic capacitance that limits high 
frequency performance. This mini tile contains 
minimum NPN transistors, circular NPN transistors, 
double base NPN transistors, base, implant, and 
small area base resistors. 

114 High Power NPN Mini TIle 

The T14 mini tile contains a high current NPN 
power transistor and a clamp diode. These devices 
along with the PNP transistors on the T15 mini tile 
can implement a high power output stage with 
surge protection. The NPN power transistor can 
handle 0.5 Amps of current. The clamp diode is 
connected to protect the large NPN from 
transient surge voltages and currents. 

115 Medium Current PNP Mini Tile 

This mini tile has the PNP transistors that work in 
conjunction with the power devices in the T14 
mini tile to implement an output stage. These PNP 
transistors can supply the necessary base drive 
current, up to 10 mA, for the large NPN 
transistors. Also on this mini tile is a smaller PNP 
that is a scaled version of the large PNP. This PNP 
is typically connected with the larger PNP as a 
current mirror with a gain of nine. 

116 Power Schottky Mini TIle 

The T16 mini tile consists of one schottky NPN 
transistllr capable of handling 120 mA This 
schottky device is useful in the design of output 
stages that need to drive high currenr pulses into 
magnetic heads. Switching speed is enhanced 
over a regular power transistor because saturation, 
and the resulting speed degradation, is avoided 
with the schottky transistor. 

117 General Purpose Mini TIle 

The T17 mini tile is used for general purpose 
design. It contains minimum NPN and minimum 
vertical PNP transistors and implant resistors. 

I 
• 
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Componenls 

MLC3600 minimum NPN 

MLC3601 circular emitter NPN 

MLC3606 double base NPN 

MLC3620 7S00 base resistor 

MLC3621 4KQ implant resistor 
MLC3629 2250 base resistor 

MLC3605A hIgh power NPN (O.5A) 

MLC3609A clamp diode 

MLC3616 36X lateral PNP 

MLC3615 4X lateral PNP 

MLC3631 large Schottky NPN 

MLC3600 minimum NPN 

MLC3610 minimum vertical PNP 

MLC3621 4KO implant resistor 

MLC3622 8KQ implant resistor 

Qty. 

2 
2 

4 
8 
4 
6 

4 
4 
12 

6 



.~ Micro Linear USICs 
FB3605 Small High Frequency Tile· Array 

GENERAL DESCRIPTION 
The FB3605 is a bipolar analog tile array developed for 
mixed analog and digital applications that require high 
frequency performance. This FB3600 family tile array 
utilizes our proprietary mini tile architecture. The mini 
tile approach combined with our 12 volt, 1 GHz 
technology allows high complexity, high speed circuits 
to be easily integrated. 

FEATURES 
• High frequency operation 
• Small die size - Fits in narrow SOIC Package 
• Mixed Analog and Digital circuitry 
• 5 analog circuit blocks with 28 ECl gates 
• On chip MaS capacitors 
• 12 volt, 1 GHz technology 

High frequency circuits like a 90 MHz voltage 
controlled oscillator or other similar performance 
circuits can be integrated using the FB3605 tile array. 
In addition to this particular circuit block the array can 
also contain 4 full function op amps (741 type) as well 
as 28 gates of ECl logic and 8 digital output buffers 
capable of interfacing to ECl, TIL, or CMOS. 

ARRAY SUMMARY MINI TILE SUMMARY 

A new high frequency mini tile was designed for this 
array. This mini tile contains 4 double base, high 
frequency NPNs and 6 low value (225 ohm) base 
resistors along with other NPNs and resistors. The 
double base NPNs and the low value base resistors are 
the key to implementing high frequency circuits. 

The FB3605 is the smallest of the FB3600 family of 
arrays. The small die, 70 by 110 mils, allows it to fit into 
a very small package. The FB3605 can be assembled in 
a 0.15 inch wide SOIC package for minimum board 
space. 

NPN Transistors 

PNP Transistors 

Schottky Transistors 

Total Diffused 
Resistance 

Total Implant 
Resistance 

Total MOS 
Capacitance 

Total Components 

Bond Pads 

Die Size (mils) 

III 

FB3605 - Small High Frequency Tile Array 

'Micro Linear 

260 T1 General 10 

32 T1A Small T1 10 

16 n Specialized 2 

240 K nA Small n 2 

T3 Power 
816 K T9 ECl 10 

20 pF 
T11 TIL Output 8 

Tn High Frequency 4 

840 

24 

70 x 110 

Ii 
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FB3610, FB3620, FB3630 General Purpose Tile Arrays 

GENERAL DESCRIPTION FEATURES 
• High complexity and high performance The FB3610, FB3620, and FB3630 are general purpose 

analog tile arrays capable of implementing a wide 
range of circuit functions. These FB3600 family arrays 
use our proprietary mini-tile architecture. The mini-tile 
approach combined with our 12-volt, 1 GHz 
technology allows high complexity, high speed circuits 
to be easily integrated. 

• Operates with supplies up to 12 volts, ±10% 

Each of these general purpose arrays have the same 
basic structure. The difference is in the number of 
mini-tiles and therefore the number of total 
components available on each array. The different 
arrays can incorporate differing levels of circuit 
complexities. The FB3610 is the smallest and able to 
contain approximately six full function operational 
amplifiers or twelve comparators. The largest general 
purpose array, the FB3630, can incorporate 24 
operational amplifiers or as many as 48 comparators. 

Both the FB3620 and FB3630 contain precision resistor 
mini-tiles which allows precision circuits to be 
integrated on these arrays. The typical resistor match 
of 0.5% enables an 8-bit DAC to be implemented. All 
three of these arrays also contain low noise and power 
devices. The low noise transistors allow circuits with 
less than 5nV/y'HZ input referred noise to be realized. 
The power transistors can supply up to 100mA each 
and can be paralleled for higher currents. Other FB3600 
arrays can achieve up to 2 amps. 

High performance circuits can be implemented on 
these arrays. Amplifiers with bandwidths up to 70 MHz 
and voltage controlled oscillators up to 50 MHz can be 
implemented on the FB3610, FB3620 or FB3630 arrays. 
Higher frequency performance can be achieved on 
other FB3600 family tile arrays. 

FB3610 FB3620 

• Flexible mini-tile architecture 
• Precision and high current components 
• 12 volt, 1 GHz technology 

ARRAY SUMMARY 

FB361 0 FB3620 

NPN Transistors 178 268 

PNP Transistors 78 124 

Total Diffused Resistance 288K 425K 

Total Implant Resistance 1563K 2048K 

Total MOS Capacitance 30pF 60pF 

Total Components 742 1092 

Bond Pads 24 32 

Die Size (mils) 82 x 102 102 x 115 

MINI-TILE SUMMARY 

FB3610 FB3620 

T1 General 48 64 

T2 Specialized 6 12 

T3 Power 4 4 

T4 low Noise 4 4 

TS Precision 4 

FB3630 
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FB3630 

472 

232 

768K 

3584K 

120pF 

1944 

46 

131 x 150 

FB3630 

112 

24 

4 

4 
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FB3621 Medium High Frequency Tile Array 

GENERAL DESCRIPTION 
The FB3621 array is ideal for appl ications that have 
high frequency and low noise requirements. This 
FB3600 family tile array utilizes our proprietary mini-tile 
architecture. The mini tile approach combined with 
our 12-volt, 1 GHz technology allows high complexity, 
high speed circuits to be easily integrated. 

High frequency and low noise circuits require 
transistors with low parasitic base resistance. This array 
contains a large number of transistors with dual base 
contacts and therefore low base resistance. In addition 
to these high frequencyllow noise NPNs the array has 
a high percentage of regular NPN devices. The high 
overall number of NPN transistors enables a large 
number of high frequency circuit blocks to be 
implemented. ECl logic, which uses mostly NPN 
devices, can also be integrated on this array. 

Typical types of circuit functions that can be 
implemented on the FB3621 array are 100 MHz 
cascode amplifiers, VCOs, wideband/low noise 
amplifiers, and high speed comparators (T D < Sns). 

FEATURES 
• High frequency operation 
• low noise circuits 
• On-chip MaS capacitors 
• 12 volt, 1 GHz technology 

ARRAY SUMMARY 

NPN Transistors 329 

PNP Transistors 88 

Schottky Transistors 8 

Total Diffused 495K 
Resistance 

Total Implant 2064K 
Resistance 

Total MOS 40pF 
Capacitance 

Total Components 1508 

Bond Pads 32 

Die Size (mils) 102 x 115 

FB3621 - Medium High Frequency Tile Array 

'-Micro Linear 

MINI TILE SUMMARY 

T1 General 48 

T2 Specialized 8 

T3 Power 

T4 Low Noise 4 

T6 NPN Intensive 8 

T7 High Frequency 12 

T11 TIL Output 4 

7-13 

-



-J.Micro Linear USICs 
FB3622 Medium Power Schottky Tile Array 

GENERAL DESCRIPTION 
The FB3622 is a bipolar analog tile array developed for 
applications that require fast high current outputs. This 
FB3600 family tile array utilizes our proprietary mini tile 
architecture. The mini tile approach combined with 
our 12 volt, 1 GHz technology allows high complexity, 
high speed circuits to be easily integrated. 

FEATURES 
• 14 power schottky NPN transistors 
• Design complexities of 18 functional blocks 
• Precision and high frequency mini tiles 
• On chip MaS capacitors 
• 12 volt, 1 GHz technology 

Around the perimeter of the die are fourteen large 
schottky NPN power transistors. These power 
transistors, capable of handling over 100 mA each, 
make this array ideal for applications which call for 
driving inductive loads with high currents such as 
magnetic write heads. Twelve high frequency tiles 
expand the capabilities of this array. These high 
frequency tiles allow high frequency circuit blocks to 
be included on this array. 

ARRAY SUMMARY MINI TILE SUMMARY 

NPN Transistors 276 T1 General 

PNP Transistors 108 T2 Specialized 

Schottky Transistors 14 T7 High Frequency 

Total Diffused 432 K T16 Power Schottky 
Resistance 

Total Implant 1920 K 
Resistance 

This array can accommodate eighteen functional 
blocks of the approximate complexity of a 324 
operational amplifier. ' 

Total MOS 
Capacitance 

Total Components 

60 pF 

1370 

7-14 

Bond Pads 28 

Die Size (mils) 112 x 125 
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FB3622 - Medium Power Schottky Tile Array 
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FB3623 Medium High Power Tile Array 

GENERAL DESCRIPTION 
The FB3623 is a bipolar analog tile array capable of 
handling up to 2 amps of current. This FB3600 family 
tile array utilizes our proprietary mini tile architecture. 
The mini tile approach combined with our 12 volt, 
1 GHz technology allows high complexity, high speed 
circuits to be easily integrated. 

FEATURES 
• High Current Capability - up to 2 A 
• Mixed High Power and Low Level Circuits 
• High complexity with High Performance 
• On chip MOS capacitors 
• 12 volt, 1 GHz technology 

The array has two distinct sections, one with the 
power output devices and the other for general 
purpose circuits. The general purpose section, the 
larger area, is configured for circuits that can be 
designed using the various types of mini tiles. Op 
Amps, comparators, video amplifiers, voltage controlled 
oscillators, analog multiplexers, and mixers, are some 
examples of the types of circuit functions that can be 
realized using these mini tiles. 

ARRAY SUMMARY MINI TILE SUMMARY 

The other section of the array has components 
designed for high current output stages. Consisting 
primarily _of four 0.5 A power NPNs, four 10 mA lateral 
PNPs, and four high current clamp diodes, this area 
can integrate output stages with a wide variety of 
configurations such as a four by 0.5A, two by 1 A, or 1 
by 2 A for examples. The clamp diodes protect the 
output transistors from spurious transient signals on 
the output. 

The two sections are separated by a diffused region 
which minimizes any coupling from the output 
transistor section back into the rest of the circuit 
which might cause problems due to high gain or low 
signal levels. 

NPN Transistors 

PNP Transistors 

Total Diffused 
Resistance 

Total Implant 
Resistance 

Total MOS 
Capacitance 

Total Components 

Bond Pads 

Die Size (mils) 

2n 

132 

425 K 

2048 K 

60 pF 

1360 

27 

115 x 122 

. ..... ~ .. .. 
• 1 

II 
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FB3623 - Medium High Power Tile Array 

'Micro Linear 

T1 General 64 

T2 Specialized 12 

T3 Power 4 

T4low Noise 2 

T5 Precision 4 

T14 High Power NPN 4 

T15 High Power PNP 4 
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FB3631 Large Mixed Analog Digital Tile Array 

GENERAL DESCRIPTION 
The FB3631 tile array was developed for mixed analog 
digital applications. This FB3600 family tile array utilizes 
our proprietary mini tile architecture. The mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity, high speed mixed 
signal circuits to be easily integrated. 

FEATURES 
• Mixed Analog and Digital Circuitry 
• 15 Analog circuit blocks with 66 ECl Gates 
• 2800 Components, 44 Bond Pads 
• On chip MOS Capacitors 
• 12 volt, 1 GHz technology 

This array is optimized for high complexity analog with 
a moderate amount of digital circuitry. For example, 
twelve 324 style operational amplifiers, sixty-six gates of 
logic, eight digital output buffers, and 3 other circuit 
blocks can all be implemented on a FB3631 tile array. 

ARRAY SUMMARY MINI TilE SUMMARY 

Our 1 GHz bipolar process allows us to achieve high 
performance circuits on our FB3600 tile arrays. 
Amplifiers with a bandwidth of 100 MHz and digital 
ECl gates with delays of 2 ns can be implemented on 
Micro Li near tile arrays. 

N PN Transistors 

PN P Transistors 

Schottky Transistors 

Total Diffused 
Resistance 

Total Implant 
Resistance 

Total MOS 
Capacitance 

Total Components 

Bond Pads 

Die Size (milsl 

690 

154 

16 

850 K 

3928 K 

60 pF 

2806 

44 

142 x 156 

FB3631 - Large Mixed Analog Digital Tile Array 
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T1 General 92 

12 Specialized 12 

13 Power 4 

T7 High Frequency 4 

T9 ECl 22 

T10 ECl Bias 1 

T11 TTL Output 8 

T17 General 
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FB3635 Analog and Digital Tile Array 

GENERAL DESCRIPTION 
The FB3635 offers both analog and digital circuit design on a 
single tile array. The top half of the FB3635 contains 
components for analog circuit design. The bottom half of the 
array contains npn components for digital design. 

The analog section can implement eight lM324 type op 
amps or twelve lM339 type comparators. Many comparator 
applications can use a comparator with npn transistors in the 
input stage. In this case, the analog section of the array can 
be filled with eighteen comparators. A two quadrant analog 
multiplier, AGC circuit, analog multiplexer (switch), video 
amplifier or a MC1496 type modulator I demodulator can also 
be implemented. Each of these functions requires roughly the 
same number of components as one op amp. In addition, the 
array can also implement one 8-bit DAC, four 100MHz cas­
code amplifiers and a voltage reference. 

The digital section of the FB3635 contains forty two digital 
logic cells. Each digital logic cell can implement a one bit 
latch (with set and reset), or three NAND gates. Two digital 
logic cells can implement an edge triggered D type flip-flop 

FEATURES 
• Mixed analog and digital tile array 
• Analog section 

npn ft 720MHz 
pnpft 25MHz 
Eight 5 pF MOS capacitors 
Operates upto 12V ±10% 

• Digital section 
132 NAND gates or 42 latches 
2 ns gate propagation delay 
EeL logic using a single +5 volt supply 
TIL, EeL, and CMOS compatibility 

with set and reset. All logic functions are implemented using 
ECl logic. This provides for 2 nanosecond gate propagation 
delays and flip-flop toggle rates of 80 MHz. The logic area can 
be powered off of a single 5 V supply. On-chip logic level 
converters can convert the arrays ECl logic levels to standard 
TTL, CMOS or ECl logic levels. 

FB3635 Tile Array 
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FB3400 lile Array Selection Guide 

FB3400 Family (±18V or up to 36V supply operation) 

Array FB3410 FB3420 FB3430 

Description Small General Purpose Medium General Purpose Large General Purpose 

Mini Tile Summary 

T1 General Purpose - 16 32 44 

T2 Special Devices 4 12 16 

T3 Power Devices 4 4 4 

T4 Low Noise Devices 0 4 0 

T5 Precision Resistors 0 2 3 

Array Summary 

Complexity' 4 12 16 

NPN Transistors 132 296 394 

PNP Transistors 52 124 168 

Total Diffused Resistance 176K 384K 538K 

Total Implant Resistance 1600K 3200K 4400K 

Total MOS Capacitance 40pF 120pF 160pF 

Total Components 524 1132 1500 

Bond Pads 32 46 66 

* Analog complexity is in one 741 op amp or two 339 comparator equivalents. Digital complexity IS in two input NAND gate equivalents. 

Component Performance (under typical operating conditions) 

COMPONENT FB3400 FAMILY 

NPN Transistor hFE = 120 
fT = 300MHz 
BVceo = 40V 

NPN large Transistor (FB3623 Only) 

PNP Substrate Transistor hFE = 60 
fT = 20MHz 
BVceo = 45V 

PNP lateral Transistor hFE = 30 
fT = 3MHz 
BVceo = 45V 

Diffused Resistor 2% matching with ±20"1'0 absolute value 

Precision Resistors 0.5% matching with ±20% absolute value 

Implant Resistors 4% matching with ±25% absolute value 

MOS Capacitor ±20% absolute value 
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FB3400 Mini Tile Description 

T1 Mini Tile 

This is a general-purpose analog tile. It can implement 
many common building block functions, such as 
current mirrors, differential gain stages and level 
shifters. A Tl tile contains seven small geometry NPNs 
(ft 300MHz), two quad collector PNPs (ft 4MHz), eleven 
1 kO resistors, and ten 10kO resistors. 

T2 Mini Tile 

The T2 tile contains a collection of specialized 
components. Many analog building blocks, such as op­
amps, use a Tl tile and a T2 tile. The T2 tiles contain 
two medium size low noise NPN transistors, four small 
substrate PNPs (ft 8MHz), one large substrate PNP (ft 
8M Hz), one triple emitter NPN, and a MOS capacitor 
whose value can be programmed up to lOpE 

T3 Mini Tile 

The T3 file contains two NPN power transistors for 
output stages driving up to 100mA each. These tiles 
are situated in peripheral positions around the chips, 
in close proximity to the bonding pads. 

T4 Mini Tile 

The T4 tile contains two low-noise NPN transistors 
which are used in circuits requiring low noise 
performance. 

T5 Mini Tile 

This mini tile contains ten minimum geometry NPN 
transistors and eighteen precision resistor links. These 
special resistors have a nominal ohmic value of 9000 
and are matched to within an accuracy of 0.5%. It is 
possible to construct R-2R ladders used in the core of 
an 8-bit DAC by using 24 resistors. 

II n 
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GENERAL DESCRIPTION 
The FB3400 family has been designed to utilize the traditional 
analog ± 15 V signal swings and power supply rails. A single 
power supply of up to 36 V or split power supplies of up to 
± 18V can be utilized. Significant board space and cost sav­
ings are possible with the FB3400 family of analog tile arrays. 

A single FB3400 Analog ASIC can typically replace ten to 
twenty standard analog building block components. In addi­
tion, many of the active and passive components surround­
ing the discrete building blocks can be incorporated on-chip. 

The FB3400 family utilizes Micro Linear's new mini-tile archi­
tecture concept. The FB3400 family uses five different mini­
tiles. One or more mini-tiles can be combined to implement 
functional blocks such as op-amps, comparators, voltage 
references, video amplifiers, transconductance amplifiers, 
modulators, demodulators, RS-232, RS-432, RS-422, Y.35 
drivers & receivers, DI A and pulse width modulation circuits. 

USICs 
FB3410, FB3420, FB3430 

General Purpose Tile Arrays 

FEATURES 
• Optimized for up to 36 V operation 
• High Component Density, dual layer metal process 
• 300MHz array technology 
• Three high performance family members 
• Design complexities of up to 16 op-amps 
• On-chip precision resistors and compensation 

capacitors 

GENERAL PURPOSE ANALOG ARRAYS 

FB34lO FB3420 
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Package Selection Guide 

Package FB3605 FB3610 FB3620 FB3621 FB3622 FB3623 FB3630 FB3631 FB3635 FB341 0 FB3420 FB3430 

SDBRZ-8 X X X X X X X X X 

SDBRZ-14 X X X X X X X X X 

SDBRZ-16 X X X X X X X X X 

SDBRZ-18 X X X X X X X X X 

SDBRZ-20 X X X X X X X X X 

SDBRZ-22 X X X X X X X X X X X 

SDBRZ-24 X X X X X X X X X X X 

SDBRZ-28 X X X X X X X X X X X X 

SDBRZ-40 X X X X X X X X X X X X 

LCC-28 X X X X X X X X X X X X 

CDIP-8 X X X 

CDIP-14 X X X 

CDIP-16 X X X X X X X X 

CDIP-18 X X X X X X X X X 

CDIP-20 X X X X X X X 

CDIP-22 X X X X X X X X X X X X 

CDIP-24 X X X X X X X X X X X X 

CDIP-28 X X X X X X X X X X X X 

CDIP-40 X X X X X X X X X X X X 

PDIP-8 X X X X X 

PDIP-14 X X X X X X X -PDIP-16 X X X X X X X 

PDIP-18 X X X X X X X 

PDIP-20 X X X X X X X 

PDIP-22 X X X X X X X X X X X 

PDIP-24 X X X X X X X X X X X X 

PDIP-28 X X X X X X X X X X X X 

PDIP-32 X X X X X X X X X X X X 

PDIP-40 X X X X X X X X X X X X 

PDIP-48 X X X X X X X X X X X X 

PCC-20 X X X X X X X X X X X 

PCC-28 X X X X X X X X X X X X 

PCC-32 X X X X X X X X X X X X 

PCC-44 X X X X X X X X X X X X 

PCC-68 X X X X X X X X X X X X 
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Package FB3605 FB3610 FB3620 FB3621 FB3622 FB3623 FB3630 FB3631 FB3635 FB3410 FB3420 FB3430 

SOIC-8 

SOIC-14 

SOIC-16 X X X X X X X 

SOIC-18 X X X X X X X X X X 

SOIC-20 X X X X X X X X 

SOIC-24 X X X X X X X X X X 

SOIC-28 X X X X X X X X X X X 

SOIC-32 X X X X X X X X X X X X 

x - Indicates the array is available in this package 

Package Descriptions 

SDBRZ = Sidebrazed DIP 
lCC = leadless Chip Carrier 
CDIP = Ceramic DIP 
PDIP = Plastic DIP 
PCC = Plastic leaded Chip Carrier 
SOIC = Small Outline 
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Quality and Reliability 

Micro Linear is dedicated to excellence in its people and products. By adopting a policy of continuous 
improvement, we pledge to provide defect free products and services which meet or exceed our 
customers' expectation. 

lOtal Quality Control 
At Micro Linear we are committed to total quality 
control by building quality into every step of the 
manufacturing process from design to product 
qualification; from receiving to shipping. The Quality 
and Reliability Assurance program at Micro Linear 
Corporation is a detailed program involving 
engineering and manufacturing and is designed to 
produce the highest quality linear integrated circuits 
available. 

Wafer Inspection 
Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors in accordance with Mll-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 

Assembly Inspection 
Comprehensive receiving inspection for all materials 
and piece-parts is performed in accordance with the 
strictest quality assurance procedures. To assure 
conformance and control to specifications, 
documented quality control checks and monitors are 
performed on-line. 

Testing 
Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough parametric testing of integrated circuits in 
the industry. Data sheets provide the customer a 
precise listing of parameters which are 100% tested. 
The calibration system is in compliance with 
Mll-STD-45662. 

Traceability 
For complete traceability to wafer fab and assembly lot, 
a mark is placed on all packages giving information on 
a unit-by-unit basis. 

Micro Linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. 

ESD (Electro Static Discharge) 
Products are fully characterized to Mll-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through manufacturing, incorporates training of 
all employees who handle Micro Linear products. 

Major Change Control 
Major change controls are in place to notify customers 
in accordance with Mll-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re­
qualification which may include electrical, mechanical, 
and/or thermal characterization. If applicable, reliability 
requalification is performed. 

Process Control 
Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspection records and reports concerning monitors 
and inspection data are used to status the quality level 
of products through the final test operations. Statistical 
sampling plans insure the quality of the product. 

Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
Mll-Q-9858A and Mll-I-45208 for military programs. 

Failure Analysis and Reporting of 
Customer Returns 
A formal program exists to record, analyze, and take 
appropriate corrective action on all returns. A 
Corrective Action Committee reviews all discrepancies 
and assigns responsibility to implement solutions or 
improvements on a weekly basis. A report is generated 
and sent to the customer stating our findings and 
corrective action. 
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Quality and Reliability 

Document Control 
All records providing product traceability are 
maintained in accordance with MIL-M-38S10. All 
company documents for procedures, specifications, 
drawings, travelers, flow charts, schematics, etc. that 
define customer requirements, raw material 
requirements, design, manufacture, and testing of 
products are controlled by a Document Control 
organization within the Micro Linear's Quality 
Assurance group. 

Audits 
Critical manufacturing areas are audited by a quality 
inspector at specified intervals. The audit verifies 
adequacy of operator training, correct revisions, the 
procedures, proper data entry, and record maintenance. 
In addition, weekly audits include an ESD program, 
particle count, calibration, and document control 
programs. 

8-2 '-Micro Linear 



Quality and Reliability 

Molded Package Row 

WAFER SORT 

ASSEMBLY lOCATION 

WAFER SAW 

100% INSPECfION 2nd OPTICAL VISUAL INSPECfION 

2ND OPTICAl Q.c. 

DIE AnACH 

EPOXY CURE 

THERMOSONIC WITH Q9.99%GOLD WIKE 

2 UNITS/MACHINE (10WIKES MINI BOND PULL 

100% INSPECfION 

3RD OPTICAL Q.c. 

MOLD 

DEFlASH 

MARK (MAY BE DONE ELSEWHERE ON FLOW! 

17S0C. 4.S-6 HRS POST MOlD CURE • DEFLASH. TRIM AND FORM 

SOLDER PIArE 

MIL-STD-883. METHOD 2003 SOLDERABILITY 

17S°C. 60 MINUTES 

MIL-STD-883. METHOD 2mS MARKING 
PERMANENCY IMAY OCCUR EARLIER IN FLOW! 
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Molded Package Row (Continued) 

100% INSPEGION 

EXTERNAL VISUAL INSPEcnON 

100% TEST AI ROOM TEMPERATURE 
OR MAXIMUM RATED OPERATING TEMP 

FLOW CHART SYMBOLS 

@ Production 

~ Production Inspection 

@ Quality Inspection 

I£. 
o 

Transport 

Store Inventory 

Quality Monitor 

FINAL 
INSPEGION 

QUALm' 
INSPEGION 

RECEIVING 
INSPEGION 

ELEGRICAL 
TEST 

AQL TEST AI TEMPERATURE 

EXTERNAL VISUAL INSPEcnON 

Q.A.AUDIT 

FINISHED 
GOODS 

SHIPPING 
INSPEGION 

PACK 

SHIP 
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Reliability Program 
Micro Linear's Reliability Program consistent with those 
of other semiconductor manufacturers utilizes various 
accelerated life tests as tools for establishing reliability 
status and progress. These tests are undertaken to 
identify infant mortality and wearout failure mechanisms 
for specific or generically similar device families. 

Micro Linear's Reliability Program has two components: 
Qualification and Quality Conformance Inspection. Each 
design/process technology set, each wafer fabrication 

Quality and Reliability 

facility, and each assembly location by package type is 
initially qualified. Periodic re-evaluation (Quality 
Conformance Inspection) is performed. The plan is 
illustrated in Figures 1 and 2 and detailed in Tables 1 
through 4. 

Micro Linear's product reliability is monitored closely 
and we have an extensive reliability data base for both 
hermetic and molded devices. This data is published on 
a quarterly basis. Micro Linear is seeing reliability failure 
rates of less than 10 FITS at 55·C. 

ASSEMBLY 
LOCATION 

LIFE TEST TABLE 1 
+ ESD 

TABLE 2 AND 3 TABLE 4 PLAN 
HERMETIC MOLDED 

Note: "PLAN" are the appropriate stresses and tests determined by rehability engineering. 

Figure 1. Qualification Testing 

WAFER FABRICATION 
FACILITY BY 

DESIGN/PROCESS SET 

~ 
TABLE 1 

(3 MONTHS) 
TABLE 2 

(6 WEEKS) 

ASSEMBLY LOCATION BY 
PACKAGE 

TABLE 3 
(6 MONTHS) 

TABLE 4 
N/A 

PLAN 

MICRO LINEAR MILITARY STANDARD 

MICRO LINEAR STANDARD (6 MONTHS) (6 MONTHS·) (6 MONTHS·) (6 MONTHS·) 

Test Method 

Life Test 1005 

·ONE IWl<AGE TYPE OND'; 
DIFFERENT PACKAGE EACH OCCURANCE 

Figure 2. Quality Conformance Inspection 

Condition Quantity lest Method 

1000 hrs 100 Resistance 2015 
@ 125·C to Solvents 

Bond Strength 2011 

Solderability 2003 

Condition 

245·C 

Quantity 

4 

15 

15 
The die related test of Table 1. Evaluates the wafer 
fabrication process, the design rules, and die to 
package material interface reliability. 

ldbIe 1. 
Table 2 inspects hermetic package related parameters 
for quality conformance. 

Table 2. 
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Quality and Reliability 

Test Method Condition Quantity Test Method Condition Quantity 

Physical 2016 15 Adhesion of 2025 15 
Dimensions lead Finish 

Thermal Shock 1011 B, 15 cycles 15 Mech Shock 2002 B 15 
Temp. Cycle 1010 C, 100 cycles Vibration 2007 A 
Moist Resistance 1004 Acceleration 2001 E 
Seal 1014 Seal 1014 
Visual Visual 
Electrical Electrical 

lead Integrity 2004 B2 15 Salt 1009 A 15 
Seal 1014 Seal 1014 

Internal H2O 1018 5000 PPM max 3 
Visual 

Vapor lid Torque 2024 45 

Table 3 evaluates hermetic packages for integrity and reliability. 

Table 3. 

Test Method Condition Quantity Test Method Condition Quan 

Physical 2016 15 HAST 130°C, 85% RH 45 
Dimensions 50 hrs, Biased 

Resistance to 2015 4 Solderability 2003 3 
Solvents Resistance to QAP 260°C 15 
External Visual QAP 15 Soldering Heat 36002 

34001· Autoclave QAP 121°C, 2 Atm 45 
Thermal Shock 1011 -65°C to +150°C 45 36004 168 hrs 

100 cycles High QAP 125°C 77 
Temperature 1010 -55°C to +125°C 45 Temperature 36005 1000 hrs 
Cycle 1000 cycles OP life 

Note: All methods In Tables 1 through 4 are from Mll-STD-883. All QAPs are Micro linear procedures. 

Table 4 evaluates molded packages for integrity and 
reliability. Micro linear uses HAST (Highly Accelerated 
Stress Test) at 130°C and 85% RH for 50 hours instead 
of the conventional 85°C and 85% RH test for 1000 

hours. The HAST procedure evaluates the effect of 
moisture as it penetrates the molding material and 
reaches the die while voltage biased. 

Table 4 . 
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Process Control/Quality Conformance 

Reliability evaluations provide a snapshot of the product 
at a particular point in time. Process control is 
necessary to insure the picture obtained is accurate. 
Process control provides consistency and hence, 
predictability. 

Defect-free material is a pre-requisite to shipping cost­
effective products which conform to specified 
requirements. The system for doing this is shown in 
Figure 3. The focal point to this system is the Vendor 
Qualification Board comprised of representatives from 
Manufacturing Engineering, Quality, Reliability, and 
Purchasing. In addition, a Corrective Action Committee 
with representatives from the above disciplines meets 
weekly to evaluate all discrepant material reports. These 
reports are the result of any non-conformance both 
internal and external (vendors) to Micro Linear. 

Because of the extreme sensitivity of wafer fabrication 
on product reliability, special care is taken to evaluate 
wafer process control. This is shown in Figure 4. 

Wafer Fab Process Control 

MASKING 

• Resist Thickness-Control Chart 

• CD Calibration 

• Exposure-Control Chart 
- Intensity 
- Time 

GLASSIVATION/INSULATOR 

• Uniformity-Control Chart 

• Thickness-Control Chart 

• Phosphorus Content-Trend Chart 

• Defect Count-Control Chart 

Quality and Reliability 

ENVIRONMENT 

• Air Temperature Control Chart 

• Air Flow Control Chart 

• Air Humidity Control Chart 

• Water Bacteria Control Chart 

• Water Resistivity Monitored 

• Water Solids 

• Organic Impurities in Water 

• Chlorine Content of Water 

METAL DEPOSITION 

• Thickness-Control Chart 

• CV Plots 

• SEM Inspection 

Each assembly location is also required to monitor and 
maintain control of operations as shown below. 

Assembly Process Control 

Micro Linear is certified to MIL-Q-9858 and MIL-I-45208, 
and is product compliant with all the requirements of 
MI L -STD-883C. 

• DI water> 10MO 

• Two internal visual inspections 

• Die shear monitor 

• Wire bond monitor 

• Air monitors (temperature, humidity, particles) 

• Marking permanency test 

• External visual inspection 

• Plating monitor 

• Raw material evaluation 

• CERDIP sealing environment 
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MATERiAl 
SPfClFlCAJlON 
- SAMPlE PLAN 
- REQUIREMENTS 

OUAIL SPECS 

PURCHASING PROCEDURE 

QUALIFICATION 
REQUIREMENTS 

Figure 3. Vendor Control System 
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PURCHASING 
ENGINEERING 

QUALITY 

VENDOR 
QUALIFICATION 

L-____ ~------~ 

VENDOR 
QUALlFIUJlON 

BOARD 
APPROVAL 

__ RECEIVING INSPECTION 

MAfERIAL EVALUATION 

__ RELIABILITY EVALUATION 

VISUAL r----~----l__--... 
INSPECTION-

ELECTRICAL MEASUREMENTS 
MIL-STD-414 

(SAMPLING BY VARIABLES) FIlM 
MEASUREMENTS 

RECEIVING 
INSPECTION 

SEM ----~ ______ -.-______ ...... o----- Lm SUMMARY DATA 
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APPENDIX A. Failure Rate Calculations 

In order to predict the rate at which product will fail, it 
is necessary to accelerate the life of the product. This is 
most commonly done by a temperature and/or voltage 
stress, a process known as burn-in. The equation for 
both stresses is exponential, hence large acceleration 
factors can be achieved. In our studies, only 
temperature was used in the acceleration equation; the 
devices were biased at nominal voltages. The equation 
is shown below. It is known as the Arrhenius Reaction 
Rate Equation, named for the man who modeled the 
relationship between temperature and the chemical 
reaction property of materials. 

Arrhenius Reaction Rate Equation 

Af: Acceleration Factor 
Ea: Activation Energy (in electron volts) 
K: Boltzmanns Constant (8.67 x 10-5) 

T1: Temperature of System Operation (OK) 
T2: Temperature of Life Test (OK) 

Burn-in when run for 1000 hours, is called "life test". 
Interim readouts normally occur at 160 and 500 hours. 
The hypothesis is that a "bathtub curve" will result. This 
curve, shown below, illustrates a device's failure rate 
versus time. Certain manufacturing defects have a 
tendency to cause failures early in the life of a device 
(infant mortality). The failure rate associated with these 
defects can be accelerated by applying stresses, such as 
temperature and voltage, which do not appreciably 
affect the normal failure rates or wear out mechanisms. 

Bathtub Curve 

WEAROUT_ 

CONSTANT FAILURE RATE 

+ 

TIME 

Activation Energies 
In order to calculate the acceleration factor, the 
activation energies for various failure modes 
encountered in the semiconductor industry are 
required. Initially, failure modes are assumed based on 
industry experience. As failures occur, they are 
rigorously analyzed and the failure modes then used to 
determine which activation energies are appropriate for 
determining failure rates. The following table describes 
the most common failure modes and their activation 
energies. 

Table 1. 

Failure Mechanism Ea Stress 

Oxide Defects 0.3 eV High Voltage Op life 

Contamination 1.0 eV High Voltage Bias 

Silicon Defects 0.5 eV High Voltage 

Metal line 0.5 eV High Voltage Op life 
Electromigration 

Contact 0.9 eV High Voltage Op life 
Electromigration 

Masking Defects 0.5 eV Hi Temp. Storage 
Assembly Defects Op Life 

Microcracks N/A Temperature Cycling 

Short Channel -.06 eV low Voltage 
Charge Trapping Hi Vol Op life 

Acceleration Factors 
Once the activating energy is determined for a given 
failure mechanism, the acceleration factor can be 
calculated using the Arrhenius equation. The following 
table lists some of the common activation engergies 
and its associated acceleration factors between different 
ambient temperature. 

Table 2. 

Est. TI 
Estimated TI, Activation 

Accelerated lYpicai Application Temperatures Energy 
Temperature 25°C 400e 55°e 700e (eV) 

125°C 132 52 22 10 
0.5 

150°C 313 123 53 24 

125°C 1522 376 106 33 
0.75 

150°C 5530 1367 384 121 

125°C 6587 1231 268 67 
0.9 

150°C 30994 5793 1262 314 
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Failure Rates 
At Micro linear, failure rate are generally stated at 60% 
confidence level using Chi square statistic per the 
following formula. 

if-a [width df = 2(yH)] 
Amax = -"''''-------

2t 

where: 

Amax = maximum failure rate 
X2 = chi square distribution 
y = number of failures 
df = degree of freedom 

= total number of test hours 
a = statistical error expected in estimate. 

For 60% confidence level, a = 0.4 or 1-a = 0.6 

Selected values of Chi Square distribution are listed in 
Table 3. 

labIe 3. Percentiles of the Chi Square Distribution. 
(Values of chi2 corresponding to certain selected probabilities) 

60% Confidence 90% Confidence 
Level Level 

Probability in % 60.0 90.0 

1 - a 0.60 0.90 

df lOtaI Failures 

1 0.708 2.71 
2 0 1.830 4.61 
3 2.950 6.25 
4 1 4.040 7.78 
5 5.130 9.24 
6 2 6.210 10.60 
7 7.280 12.00 
8 3 8.350 13.40 
9 9.410 14.70 

10 4 10.500 16.00 
11 11.500 17.30 
12 5 12.600 18.50 
13 13.600 19.80 
14 6 14.700 21.10 
15 15.700 22.30 
16 7 16.800 23.50 
17 17.800 24.80 
18 8 18.900 26.00 
19 19.900 27.20 
20 9 21.000 28.40 

Failure rate may be expressed a number of ways. Table 
4 compares various ways of expressil'lg failure rates. 

Table 4. Failure Rates 

NO. OF FAILURES % PER PPM MTBF 
PER DEVICE HOURS FAILURE RATE 1000 HOURS (HOURS) FITS (HOURS) 

1/1 x 10" 0.000000001 0.0001 0.001 1 1 x 10' 

1/1 x 1(J8 0.00000001 0.001 0.01 10 1 x 1(J8 

1/1 x 107 0.0000001 0.01 0.1 100 1 x 107 

1/1 x 10. 0.000001 0.1 1 1000 1 x 10. 

1/1 X 105 0.00001 1 10 10000 1 X 105 

1/1 X 10' 0.0001 10 100 100000 1 X 104 

1/1 x 1(J3 0.001 100 1000 1000000 1 X 103 
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APPENDIX B. Radiation Hardns of 12V Bipolar Process 

The Micro linear 12V bipolar process has demonstrated 
selective hardness to radiation exposure. The 
components most commonly used in the 12V process 
which are described in table 1, were exposed up to 

DESCRIPTION 

Minimum Geometry NPN 

Lateral Quad Collector PNP 

Vertical PNP 

450 N+ Resistor 

8500 P+ Resistor 

10KO Implanted P Resistor 

10pF Capacitor 

106 Rads total dose ionizing radiation. A second group 
of the same components were exposed to non-ionizing 
radiation of up to 10'4 fluence neutrons/sq cm. Neither 
group was exposed to both types of radiation. 

BIAS POST 
DURING IRRADIATION 

IRRADIATION MEASUREMENTS FIGURES 

VCES = +SV Ahfe 1,4 

VCES = -SV Ahfe 2,5 

VCES = -SV Ahfe 3,6 

No bias AR 3,6 

No bias AR 3,6 

No bias AR 3,6 

No bias All 3,6 

Table 1. Components 

Figures 1 through 3 show the results of the ionizing 
radiation tests. Figures 4 through 6 show the results of 
the non-ionizing radiation tests. 

• The resistors and capacitors were not Significantly altered by 
exposure to these radiation levels. They are not Included in the 
figures. 

140 
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100 

80 
.!! 
J:: 

60 

40 

20 

104 

General Purpose NPN Transistor 

Total Ionizing Dose rad (SI) 

Figure 1. 
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Summary 

The hfe of the NPN transistors degrade by 
approximately 50% at 105 Rads and 80% at 106 Rads. 
The PNPs degrade more severely by approximately 
80% at 105 Rads and reach unity at 106 Rads. 
Degradation vs. neutron fluence is similar but less 
severe. 

Micro linear circuits, exclusively using NPN devices 
and passive components, can be designed to perform 
in a high radiation environment. 

50 
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30 

20 

10 
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Figure 2. 
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Military Product Flow 

A specification to establish the general test methods and procedures for purchase of integrated circuits 
to military quality and reliability assurance requirements. 

Micro Linear is committed to supplying the military 
marketplace with service, as well as, quality and 
reliable components second to none. The Micro Linear 
/M8 program is designed to provide off-the-shelf high 
integration linear integrated circuits with extended 
screening and testing utilizing the methods of MIL­
STD-883C, Class B as its reference documentation. 

The Quality and Reliability Assurance program at Micro 
Linear Corporation is a wide ranging program involving 
engineering and manufacturing designed to produce 
the highest quality linear integrated circuits available. 

Wafer Inspection 
Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors in accordance with MIL-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 

Assembly Inspection 

Comprehensive receiving inspection for all materials 
and piece-parts is performed in accordance with the 
strictest quality assurance procedures. To assure 
conformance and control to specifications, 
documented quality control checks and monitors are 
performed on-line. 

Testing 
Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough parametric testing of integrated circuits in 
the industry. Data sheets provide the customer a 

,precise listing of parameters which are 100% tested. 
The calibration system is in compliance with 
MIL-STD-45662. 

Traceability 
For complete traceability to the wafer fab and 
assembly lot, a mark is placed on all units giving 
information on a unit-by-unit basis. 

Micro Linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. The information provided exceeds the 
seal week control required by MIL-M-38510. 

ESD (Electro Static Discharge) 

Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through manufacturing, incorporates training of 
all employees who handle Micro Linear products. 

Major Change Control 
Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re­
qualification, which may include electrical, mechanical, 
and/or thermal characterization. Reliability 
requalification is performed if applicable. 

Quality Assurance 
Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspection records and reports concerning monitors 
and inspection data are utilized to status the quality 
level of products going through final test operations. 
Statistical sampling plans ensure the quality of the 
product. 

Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-I-45208 for military programs. 

Failure Analysis and Reporting of 
Customer Returns 

A formal program exists to record, analyze and take 
appropriate corrective action on all returns. A 
Corrective Action Committee reviews on a weekly 
basis all discrepancies and assigns responsibility to 
implement solutions or improvements. A report is 
generated and sent to the customer stating our 
findings and action. 
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/ M8 Product Screening Flow 

Micro Linear's standard extended screening process 
outlined below utilizes'the methods of MIL-STD-BB3C, 
Class B as it's reference documentation. 

OPERATION 

1 100% Internal Visual 

2 100% Temperature Cycling 

3 100% Constant Acceleration, 
Vi Orientation Only 

4 100% Seal Fine leak 

5 100% Seal Gross Leak 

6 100% Pre Burn-In Electrical, 25°C 

7 100% Burn-In, 160 Hrs at 125"C 

8 100% Post Burn-In Electrical, 25°C 

9 Percent Defective Allowable Calculation 

10 100% Final Electrical Test, 
-55°C and +125°C 

11 . QA Sample 116/0 Electrical Test, 
-55"C, +25°C, and +125°C 

12 Quality Conformance Inspection 
Test Sample Selection 

A Resistance to Solvents 

B Solderability, Soldering Temperature 
of 245 ± 5°C 

C Bond Strength; Ultrasonic 

13 Sample lTPD = 2, C =1 Seal Fine leak 

14 Sample lIPD '" 2, C = 1 Seal Gross leak 

15 100% External Visual 

SHIP 

Despite lower cost and faster delivery of the following 
standard 1MB flow, there are cases where a custom or 
special flow is required. Micro Linear is ready to disCllSS 
and accomodate custom flows to meet design or other 
mandatory requirements. 

CONDITION 

Method 2010, Condition B 

Method 1010, Condition C 

Method 2001, Condition E 

Method 1014, Condition A 

Method 1014, Condition C 

Data Sheet, 100% Noted Parameters 

Method 1015 
\ 

Data Sheet, Parameters Noted 100% Tested 

PDA - 5% 

Data Sheet Parameters Noted 100% Tested 

Group A, Subgroups 1, 2, 3, 4, 5, 6, 7; 8, 9, 10, 11 
Data Sheet Parameters Noted 100% Tested 

Method 5005.11 Group B 

Method 2015 

Method 2022 or 2003 

Method 2011, Condition C or D , 

Method 1014, Condition A 

Method 1014, C<?ndition C 

Method 2009 

9-2 'Micro Linear 
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/ M8 Manufacturing Flow 
Screening to the 1MB flow is part of the manufacturing 
flow shown below. The numbered steps correspond to 
the operations of the 1MB product screening flow. 

OPERATION 

~ Wafer Fabricated 

• Receiving Inspection 

~ Wafer Sort 

~ WaferSaw 

~ Second Optical Inspection 

• Second Optical Q.C. 

Receiving " /" Frame Attach (CERDIP only) 
Preform Base/Pkg Inspection '-./ 

~:22~~.iI~---=:S~~ Die Attach 

..s Die Shear Monitor 

"""!7 Third Optical Inspection 

Receiving 
Lid/Cap I cli· - Third Optical Q.C. nspe on ..... 

~22~~ •• ~S:SV Seal 

~Mark 

~ Stabilization Bake 

""'!7 Thmperature Cycling 

Centrifuge 

Fme Leak 

Gross Leak 

OPERATION KEY 

• • 

mcommg material 

production 

production or 
quality monitors 

quality inspection 

'Micro Linear 

CONDITIONS 

Appropriate FAB 
SpecificatlOn 

QAP 31003 

DI Water> 10 MQ 

Method 2010, ConditIOn B 

7% LTPD, ACC = 1 

2 Samples/Lot or OncelHour 

Ultrasonic Aluminum 
2 units/Machine 
3 grams Minimum 

7% LTPD, ACC = 1 

(Note 1) 
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/ M8 Military -Product Flow 

IM8 Manufacturing Flow (Continued) 

9-4 

OPERATION KEY 

• • 

incoming material 

production 

production or 
quality monitors 

quality inspection 

OPERATION CONDITIONS 

~ Marking Permanency 

~ Lead 'frim 

~ Visual Inspection 

• Quality Monitor 7% LTPD, ACC = 1 

~ Pack and Ship 

• Receiving Inspection PUR 34001 (Note 2) 

"'V Electrical Test 

"!/ Burn-in 

~ Electrical Test 

~ PDA Calculation 

~ Electrical Test, 
Min. and Max. Temperature 

."... QA. Sample 

.",.. Quality Conformance 
Inspection 

~ QA. Fine Leak Sample 

~ QA. Gross Leak Sample 

~ External Visual 

~ Finished Goods 

• Shipping Inspection QAP 35030 

""'7 SHIP 

Note 1: Marking of product screened to 1MB test methods and procedures is as follows: 

Micro Linear prefix or for second source devices 
prefix is the same as original source 

Four digit product part number 

Number or letter indicates electrical grade of part 

Temperature range (Example: "M" - 55°C to + 125°C) 

Package type (Example: "J" Hermetic Ceramic DIP) 

Indicates 1MB processing 

Four digit date code 
Note 2: Country of origin may be United States, Korea, Hong Kong or Thailand. 

'Micro Linear 
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/ M8 Product Qualification 

Generic data can be provided for the following 
qualification conditions or methods. 

Actual qualification on a given lot can be performed on 
a customer lot basis. Contact your Micro Linear sales 
representative for any additional price adder and 
delivery information. 

Test 

1. Steady-State Life (Burn-In 
Circuit Available Upon 
Request) 

End Point Life 
Test Electricals 25°C 

1. Physical Dimensions 

2. a. Lead Integrity 

b. Seal 
Fine 
Gross 

3. a. Thermal Shock 

b. Temperature Cycling 

c. Moisture Resistance 

d. Seal 
Fine 
Gross 

e. Visual Examination 

f. End Point 
Electricals 25°C 

4. a. Mechanical Shock 

b. Vibration, Variable 
Frequency 

c. Constant Acceleration 

d. Seal 
Fine 
Gross 

e. Visual Examination 

f. End Point Electricals 25°C 

Group C Die-Related Tests 

Condition 

Method 1005 
1000 Hr at 125°C or equivalent 

Data Sheet, 
100% Noted Parameters 

Group D Package-Related Tests 

Method 2016 

Method 2004 

Method 1014 
Condition A 
Condition C 

Method 1011 
Test Condition B 
15 Cycles 

Method 1010 
Test Condition C 
100 Cycles 

Method 1004 

Method 1014 
Condition A 
Condition C 

Method 1004 
Method 1010 

Data Sheet 
100% Noted Parameters 

Method 2002 
Condition B 

Method 2007 
Condition A 

Method 2001 
Condition E 
Y1 Orientation 

Method 1014 
Condition A 
Condition C 

Data Sheet 
100% Note Parameters 

'Micro Linear 

Quantity/Accept No. 

LTPD 5 

LTPD 15 

LTPD 15 

LTPD 15 

LTPD 15 
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FED-STD-2090 

Mll-M-38510 

Mll-Q-9858 

Mll-STD-414 

Mll-STD-883 

Mll-STD-11331 

Mll-STD-45662 

REFERENCES 

Government documents and specifications. 

Clean Room and Work Station Requirements, 
Controlled Environment. 

Micro Circuits, General Specification for. 

Quality Program Requirements. 

Sampling Procedures and Tables for Inspection by 
Variables for Percent Defective. 

Test Methods and Procedures for Microelectronics. 

Parameter to be Controlled for the Specification of 
Microcircuits. 

Calibration Systems Requirements. 

ORDERING INFORMATION 

Product processed to the IM8 flow is ordered by adding IM8 to the standard product part number. 

Example: 

Ml2111 BMJ/M8 

-T-T SCREENING 

~ STANDARD PRODUCT PART NUMBER 

All 1MB product are shipped with a certificate of conformance. Information with regard to non-standard electrical testing or 
preconditioning, and wafer traceability may be obtained by contacting your Micro linear sales representative. 
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11IIJ> Micro Linear 

Micro Linear's Bipolar ASIC Technology allows the mixture 
of both analog and digital circuitry on an integrated 
circuit. Micro Linear has combined the advantages of TTL, 
and ECl logic on our FB3600 family of bipolar tile arrays. 
Our +5 volt version of ECl can interface to the outside 
world at standard TTL, CMOS or 10K ECl levels. It 
requires the use of only a standard +5 volt power supply. 
On-chip, gate propagation delay times as low as 2 
nanoseconds are possible. High density ECl digital 
components occupy fifty percent of Micro Linear's FB3635 
tile array. In addition, a certain amount of digital logic can 
be implemented on all of the FB3600 tile arrays. 

Traditionally, 10K ECL logic uses -5.2 volts supply. This 
additional supply is only needed for applications requiring 
an external ECl logic interface. Our FB3635 and FB3621 
tile arrays contain schottky components. These 
components are often useful for implementing high speed 
TTL & CMOS output drivers. On-chip ECl logic requires 
a voltage reference which changes over temperature. 
Normally, on-chip voltage references are designed to be 
stable over variations in temperature. The schematic 
diagram for this circuit has been provided. 

This application note has been designed to aid a design 
engineer using a workstation with Micro Line~r's a~a~og 
ASIC design libraries. The circuits proVide basIC bUlldmg 
blocks which can be integrated on our FB3600 family of 
tile arrays. The circuitry and discussion provided in this 
application note provide a starting point for the. desig~ 
engineer's own workstation circuit design and Simulations. 

Two Input Eel NOR Gate 

One of the major advantages of ECl logic is that the 
transistors never saturate. This plus the small signal swings 
reduce the propagation delay time through the gate. The 
propagation delay can be adjusted by changing the 
current level used by the circuit. The gate propagation 
delay decreases as the operating current level increases. 

The ECl NOR gate, shown in figure 1, is designed for 
conventional +5 volt power supply operation. VCS is a 
preset bias voltage of 1.35 volts. This develops a voltage 
drop of 750mV across R2. The two ECl inputs (Input A & 
Input B) have a logic high (true) value of 4.25 volts and a 
logic low (false) value of 3.50 volts. VBB1 is a preset bias 
voltage which is about half way between the logic high 
and logic low voltages. 

Micro Linear's single +5V operation is different from 
traditional 10K ECl logic which uses a single -5.2 volt 
supply. This establishes the 10K ECl logic high level in 
between -.810 and -.960 volts and a logic low level is in 
between -1.650 and -1.850 volts. 

The NOR gate operates on the current flow from Q4. All 
the current from Q4 will be steered through either the 
Q3 leg or the Q1/Q2 leg of the circuit. If either Input A 

August 1988 

Application Note 1 

FB3600 Digital Logic Design 
Figure 1. NOR Gate 
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or Input B logic voltage is high, all the current will flow 
up the Q1/Q2 leg of the circuit. This oc~urs because 
either or both transistors (Q1, Q2) have an mput voltage 
which is above Q3 input voltage. Current flowing up the 
Q1/Q2 leg will cause a 750mV voltage drop to occur 
across R1 (same resistance as R2). This also results in 
Output Y being set at 5 volts minus 750mV minus 7~OmV 
(Q5 base to emitter voltage drop). Thus, Output Y IS set 
at a logic low level (3.05 volts). 

Both inputs need to be logic low for Output Y to have a 
logic high result (4.4 volts). In this case, the voltages on 
both Q1 and Q2 bases are less than the voltage on the 
base of Q3. This will cause all the current from Q4 to 
flow up the Q3 leg. The base of Q5 will be about 5 volts 
since the voltage drop across R1 is close to zero. 

It is important to note that R1 always equals R2 and ~hat 
the voltage drops (typically 750mV) across the base emitter 
will change with temperature. Since all the transistors on 
this IC are about the same temperature, they and the ECl 
voltage references will all track together with te~~eratur.e. 
Thus the ECl logic works well over varratlons In 

temperature. The absolute values of the voltages stated 
above will change slightly with temperature. The values of 
resistors R1, R2, and R3 are adjusted for the desired speed 
vs power tradeoffs. The values shown in the NOR gate 
(figure 1) are typical values. 

Figure 1 also shows an Output YY terminal. Some ECl 
logic gates need to have an extra diode voltage drop for 
its output. We will call this the "bias level B" 
output/input. The Output Y terminal. does n~t have" t~is 
extra diode voltage drop. Thus, we Will call thiS the bias 
level K output/input. 
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Two Input 'OCl NAND/AND Gate 

The basic operation of this gate's differential pair and the 
two output stages is very similar to the NOR gate 
di~cussion. the NANO/AND gates input stage requires 
Input A to be a ~'bias level N' input and Input B to be a 
"bias level B" input. A "bias level N' input needs to be 
driven by a "bias level N' output. Similarly, a "bias level 
B" input needs to be driven by a "bias level B" output. 

The NAND/AND gate shown in figure 2 has two output 
sections. The NAND output uses section A output stage. 
The AND output uses section B output stage. This gate 
can have either output stages omitted. 

The NAND gate has its "bias level N' result on Output X 
and its "bias level B" output on Output XX. Similarly, ,the 
AND gate has its "bias level N' result on Output Wand 
"bias level B" output on Output WW.' 

Two Input Eel XOR Gate 

The basic operation of this gate's two differential pair and 
the output stages is very similar to the NAND/AND gate 
discussion. Figure 3 contains a circuit diagram for this 
gate. It uses one "bias level N' (Input A) input and one 
"bias level B" input (Input BB). The gates output. is 
available as "bias level N' (Output W) and as "bias level 
B" (Output WW). 

Fi~ure 3. XOR Gate 
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Figure 2. NANDI AND Gate 
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ECL Data Latch 

SECTION A SECTION B r------"T-------
I 

The circuit diagram for a single bit ECL data latch is 
shown in figure 4. As long as the Clock Input is logic 
high, the data latch will pass the data from the Data Input 
through to the output. If the input data changes, the 
output will track the change. This is called the. pass 
through mode of operation. The pass through mode will 
end as soon as the Clock Input signal changes to logic 
low. When this transition occurs, the current value of 
input data will latch. The data latch will remain fixed as 
long as the clock remains low. Should the Clock Input 
return to the 'high state, the data latch will return to the 
pass through mode of operation. The data latch is level 
triggered instead of edged triggered. 

Both the Clock Input and the Data Input are "bi~ level 
N' inputs. The "bias level N' outp~ are Q and Q. The 
"bias level B" outputs are QQ and QQ. 

When the Clock Input is high, the current value of the 
Data .Input will be present at the Q and QQ outputs. ~ 
invert~version of Data Input will be present at the Q 
and QQ outputs. When the Clock Input is low, the 
latched value of the previous Data Input will be present at 
the Q and QQ outputs. 

The data latch circuit contains circuitry to adju;t the Ciock 
Input signal. The circuitry shown in section A contains a 
circuit for converting a "bias level N' logic input into two 
"bias level B" output signals. The two output signals reflect 
the input signal and a complement of the input signal. 
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Figure 4. 
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The "bias level 1\' clock input signal drives the base of Q1. 
Transistor Q1 and Q2 form a different pair. The base of Q2 
is driven by a reference voltage which is midway between 
logic high and logic low. When the Q1 input signal is 
high, the current will flow only through the Q1 leg of the 
differential pair. This will cause the collector of Q1 to have 
a voltage of about 4.25 volts and the collector of Q2 to 
have a voltage of about 5 volts. Substantial current will 
now flow through Q3. Thus, a "bias level 1\' logic low is 
present at the emitter of Q3. The diode in series with Q3 
emitter shilts the output voltage to a "bias level B" output. 
This "bias level B" output will have a logic low value. Note 
that the Q3 outputs represent the complement of the 
Clock Input signal. Thus, a low Clock Input signal will 
result in a logic high output at the emitter of Q3. 

A buffered version of the Clock Input signal is provided. 
This output will have the same logic level as the Clock 
Input signal. A "bias level 1\' version of the Clock Input 
signal is available at the emitter of Q4. The diode in series 
with Q4 emitter shifts the output voltage to a "bias level 
B" output. 

The buffered Clock Input signal and its buffered 
complement will drive the bases of Q5 and Q6, 
respectively. When the data latch is in the data pass 
through mode (Clock Input high), transistor Q5 is turned 
on and transistor Q6 is turned off. If the Data Input is 
logic high, all of the current in the differential pair (Q7 & 
Q8) will flow in the Q7 leg. The current flow through the 
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resistor in the Q7 leg will produce a 750mV drop. This sets 
the collector of Q7 at 4.25 volts. This will cause ql1 
emitter to be at "bias level K logic low (output Q). 
Output QQ will be "bias level B" logic low. The lack of 
current flow in the Q8 leg will cause the collector of Q8 
to be at about 5 volts. This will cause the emitter of Q12 
to be logic high ("bias level K). Output QQ will be at 
"bias level B" logic high. 

When the Data Input is logic low, then all of the current 
will flow through the Q8 leg. Transistor Q11 emitter will 
now be at logic high. Output QQ will be at "bias level B" 
logic high. Transistor Q12 emitter will now be at logic low 
and the output QQ will be at logic low. 

The data latch will store the current state of the output 
when the Clock Input signal changes to logic low. This will 
cause transistor Q5 to turn off and transistor Q6 to turn 
on. The base of Q9 gets its input from output Q. The base 
of Q10 gets it's input from the output Q. Since it takes a 
few nanoseconds for Q11 and Q12 to change state after 
the input data changes, the data latch is now getting its 
input data from the previous output data. This feedback 
loop causes the data latches output to remain fixed. 

The data latch also contains a CLEAR input. This input 
should normally be logic low ("bias level B"). A logic high 
will reset the data latch to logic low. As long as the CLEAR 
input is logic high, the data latch will remain reset. 
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One Bit Eel Register or Flip Flop 

The circuit shown in figure 5 can be used as a single bit 
positive edge triggered register or as a flip flop. We shall 
first review its operation as a one bit register. This circuit 
latches the Input Data upon the Clock Input changing 
from logic low to logic high. The data will remain latched 
until the next time the Clock Input changes from logic 
low to logic high. Similar to the data latch circuit, the 
Clock Input and Data Input signal are both "bias level'" 
inputs. The register has four outputs. T~ outputs are 
available in both "bias level'" (Q and Q) and "bias level 
B" (QQ and QQ). The register's stored value (Q and QQ) 
and its complement value (Q and QQ) are also provided. 

This circuit is simply two data latches in series. Both data 
latches use a common clock. When one latch is in the 
data pass through mode, the other latch is latched. When 
the Clock Input signal is high, data latch A is latched and 
data latch B is in the pass through mode. When the Clock 
Input signal is low, data latch A is in the data pass through 
mode and data latch B is latched. If the Clock Input signal 

Figure 5. Register or F&p Rop 

i~t~ 
+5 

-J R 
I~I ~ M3600C ~, ~, M3600C 

0 
CLOCK VBHl 

. 
INPUT 

M3600 M3600 
M3627 ~ 
-N16K 

r---'t 
16K 

ves M3627 

I m I ~ 
" I~ I:~ 

" LATCH A 

L V ~~--~ "3600 M~ 
DATA INPUT 

VOOl 

~ 
M3600 

r 
CLEAR 

' M3600r-t< I 
vcs 

I); 

~ a GND 

T " 

changes from low to high, latch A will latch its current 
input data and data latch B will pass data latch A output 
values directly to its output. This can change the data 
register's output. If the Clock Input signal changes from 
high to low, the output data will not change since latch B 
will latch itself using data provided by latch A previous 
outputs. Note that a flip fu>p can be implemented by 
connecting the register's Q output to the register's Data 
Input. 

The register also contains a CLEAR input. This input should 
normally be logic low ("bias level B"). A logic high will 
reset the register to logic low. As long as the CLEAR input 
is logic high, the register will remain reset. 

The Clock Input circuit has two "bias level B" outputs 
(point A and B). If these output connections are switched, 
the register will latch upon a logic high to low transition. 
This will cause it to be in pass through mode whenever 
the Clock Input is low. The data register will latch its data 
whenever the Clock Input is high. 
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TIL and CMOS Input Interface Circuit 

This circuit, shown in figure 6, converts a TTL or CMOS 
logic level input into an on-chip ECl level input. Output Y 
is a "bias level /'i' version of Input A. Output YY is a "bias 
level B" version of Input A. Transistors Q1 and Q2 forms a 
differential pair. The string of three diodes (D1, D2, and 
D3) sets the base of transistor Q2 at 2.25 volts. Given a 
high TTL/CMOS logic level drive at Input A, resistor R1 
will bias the base of Q1 to be above the base Q2. This will 
cause all of the current to flow through the Q1 leg of the 
differential pair. Since the voltage drop across R2 will be 
about zero, the base of Q4 will be at 5 volts. The emitter 
of Q4 will be "bias level /'i' logic high. A "bias level B" 
version of this output will be produced at Output YY. 

When Input A is driven by a TTL/CMOS low logic level, 
the base of Q1 will be biased below the base of Q2. Now 
all of the current will flow through the Q2 leg of the 
differential pair. The current flow will causes a 750mV 
voltage drop to occur across R2. The emitter of Q4 
(Output Y) is now set at a "bias level /'i' logic low. Diode 
D5 produces a "bias level B" version of this output. 

Voltage Reference for FB3600 ECl logic 

The circuit shown in figure 8 supplies the necessary 
reference voltages for our ECl logic. It has been designed 
to vary the output voltage with temperature. This block 
has been designed by Mirco linear's engineering 
department as a standard function block to be included 
on all ECl logic designs. 

Figure 8. 

Figure 6. Input Interface 
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On-chip ECl to TTL or CMOS Output ·Interface 

The circuit shown in figure 7 takes an on-chip "bias level 
N' ECl input and produces a TTl/CMOS compatible 
output. If the input is logic high (true) then the output 
will be logic high (true). The circuit simply buffers and 
shifts the logic voltage level from on-chip ECl voltage 
levels to TTl/CMOS voltage levels. 

Section A contains circuitry similar to the CLOCK input for 
the data latch circuit. It converts the input into two signals 
(buffered version and a complement buffered version). If 
the input is driven by a high logic level, Q1 will be turned 
on and Q2 will be turned off. This causes the base of Q3 
to be 4.25 volts and the base of Q4 to be 5 volts. 
Transistors Q3 and Q4 drives the bases of Q5 and Q6 
respectively. Since the base voltage of Q4 is greater than 
the base voltage of Q3, the base voltage of Q6 will be 
greater than the base voltage of Q5. This will cause all of 
the current in the Q5 & Q6 differential pair to flow in the 
Q6 leg. If Input A is driven by a logic low level, all of the 
current in the Q5 & Q6 differential pair will flow in the 
Q5 leg. 

The collector of Q6 drives the final output circuitry in 
section B. When Input A is at logic high, the collector of 
Q6 will be at .9 volts. The voltage drop across the base 
and emitter (.75 volts) of Q7 and Q8 will result in the 
bases of Q11 and Q12 being driven by less than .2 volts. 
Transistors Q11 and Q12 will be switched off. Since Q11 is 
off, the base of Q13 will be close to 5 volts. This turns Q13 
on and results in a voltage of about 4.2 volts at the 
Output. 

If Input A is at logic low, the collector of Q6 will be at 1.5 
volts. The voltage drop across the base and emitter of Q7 
and Q8 will result in the bases of Q11 and Q12 being 
driven by about :9 volts. This will turn on Q11 and Q12. 
With Q11 turned on, Q13 will be turned off and Q12 will 
be switched on. The output voltage will be about .75 volts. 

We have just reviewed how section A circuitry drives the 
differential pair of Q5 & Q6. We have also reviewed how 
the collector of Q6 drives the output drive circuitry 
contained in section B. Next, we will examine how the Q5 
& Q6 differential pair have been biased. 

Section D contains a circuit known as a base emitter 
voltage multiplier. The voltage at the· collector of Q15 will 
be determined by the following equation, 

Voltage at collector of Q15 : [1 + (R1/R2)] x .75 

The value of R1 and R2 is 10KQ and 4KQ respectively. The 
.75 represents the typical voltage drop across a transistors 
base to emitter. This sets voltage at the collector of Q15 at 
2.6 volts. The voltage drop across the base and emitter of 
Q14 will set the collector voltage of Q5 at 2.6 - .75 : 1.85 
volts. 

When all of the current flows in the Q5 leg of the 
differential pair (Q5 & Q6), there will not be a voltage 
drop across the circuitry in section E (no current flow). 
The collector of Q6 is now set at 1.85 volts. If all of the 
current flows in the Q6 leg of the differential pair, there 
will be a .75 voltage drop across the diode. This sets the 
collector of Q6 at 1.1 volts. 

The circuitry in section F provides a bias current for a 
current mirror. Resistor R3 value was chosen for a .5mA 
current flow with a 4.4 voltage drop across it. This input 
bias current generates the base to emitter voltage for Q16 
which drives the bases of Q17, Q18, Q9 and Q10. Each of 
these transistors will sink .5mA. 

Transistors Q19, Q21 and Q20 also form a current mirror. 
Transistor QlO and its 8K emitter resistor have been added 
for stability. The purpose of the current mirror is to keep 
the cl,lrent flowing through Q3 and Q4 approximately 
equal. 

Transistors Q11 and Q12 are schottky clamped transistors. 
They consist of a npn transistor with a schottky diode 
connected between the base and the collector. The 
function of this diode is to limit the current flowing into 
the base. This prevents the transistor from saturating. The 
schottky diode sends the excess base current into the 
collector. This limits the voltage drop across the collector 
and the emitter to about lOOmV. The typical base emitter 
voltage drop is .75 volts. These devices can be replaced 
with regular npn transistors if the logic's switching rates are 
low (a few MHz). Saturated transistors have much slower 
switching times than non saturated transistors. 

Voltage Reference for FB3600 ECl logic 

The circuit shown in figure 8 supplies the necessary 
reference voltages for our ECl logic. It has been designed 
to vary the output voltage with temperature. This block 
has been designed by Mirco linear's engineering 
department as a standard function block to be included 
on all ECl logic designs. 
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Figure 7. output Interface 
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Trimming Analog Bipolar Arrays 

High performance analog integrated circuits are becoming 
a necessity in the design of state of the art analog/digital 
systems. With standard analog Ie's this requires the 
designer to specify premium performance parts. These 
same premium performance circuit functions are not 
typically available in semicustom arrays. By utilizing 
trimming techniques, though, improved performance can 
still be obtained. Trimming analog bipolar arrays is a very 
viable, cost effective approach for improving the key 
parameters of a circuit 

If tighter specifications are required than can be obtained 
using good design techniques the circuit may be trimmed 
at the wafer level by a technique of selectively shorting 
zener diodes. This is known commonly as zener zapping. 
This technique can be used to trim the input offset 
voltage of an op amp or the output voltage of a precision 
reference. For example, the offset voltage of our 
MlC3SO(1I operational amplifier can be trimmed from a 
maximum of 7mV to less than 1mY. The MlC340 voltage 
reference can be trimmed to an accuracy of better than 
1%. Many types· of parameters may be trimmed within the 
limitations of the technique as described below. 

Although there are other ways in which a bipolar 
integrated circuit may be trimmed, zener zapping has 
become well established because it does not require extra 
processing steps and can be implemented at the wafer 
level. Unlike laser trimming, the technique is not limited 
to altering a resistive element, and does not require a 
large capital investment. Fusible links, another well­
established method, requires currents in the ampere 
range in order to blow the standard 1 micron thick 
aluminum, resulting in a questionable blown connection. 
A thinner link would require additional wafer processing 
steps. 

The Zener Zapping Technique 

This process is called zener zapping because the emitter­
base diode of a bipolar transistor is permanently shorted 
by passing a relatively large current through it while in 
the reverse breakdown avalanche mode. It produces a 
reliable 1-10 ohm link between the emitter and base pads. 
(See Fig. 1) This is a very reliable connection because of 
the double short which actually occurs. The first short is 
caused by the destruction of the pn junction. In addition, 
the presence of a large electric field during thermal 
runaway causes metal to migrate across the silicon surface 
beneath the oxide layer, producing a second short. 

This set of events occurs when the voltage across the 
emitter-base junction is increased beyond the G.3V 

Figure 1. 
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/' 6.3V 

1-100 

BEFORE "ZAPPING" v,. < 18V 

AmR "ZAPPING" v,. > 18V 

avalanche breakdown point, to above 18Y. At about 18V 
the instantaneous power dissipation exceeds 1.2W (figure 
2) and an oscillatory, thermal runaway condition occurs. In 
less than a second the junction is destroyed leaving a 1-10 
ohm short. The current required is less than JOOmA, so 
remote probe pads (the bonding pads) can be used 
without damage to the pads or traces. 

Figure 2. 

lav 

1700 !~i 
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i = 18 - G.3= G9mA 
170 

Power Dissipation = iV = (G9mA)(18V) = 1.24W 

The circuit in figure 3 illustrates a simple implementation 
of this technique to alter the total resistance of a circuit 
path. Before any of the zeners are blown the total 
resistance equals 15R. This value can be altered to equal 
any integer multiple of R from 1R to 1SR by selectively 
blowing only four zeners in a binary fashion. This is 
possible due to the binary arrangement of the resistor 
values. For example, to obtain a resistance of SR, Ql and 
Q4 should be shorted resulting in 4R + 1R = SR. Note that 
S equals 0101 in binary which is represented by Q4' Q3, 
Q:o Ql with shorts being O's and opens being 1's. 
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This type of circuit arrangement has two restrictions of 
which the designer should be aware. During normal 
operation of the circuit, the current through the resistor 
string should not be allowed to flow opposite to the 
direction indicated in the drawing. This would forward 
bias the base-emitter junction of the transistors, and 
effectively short out a resistor intended to be used. In 

Figure 4a. 
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Application Note 2 

addition, the forward voltage drop across each of the 
resistors should not exceed the zener breakdown voltage, 
about 6.3V. This would allow current to flow out of the 
resistor string and through the zener, altering the 
intended operation of the circuit. 

The preceding example illustrates the use of zener zapping 
to alter a resistive element in a circuit. In many cases 
modifying a current source is a more useful way of trimming 
a design. Figure 4a shows trimmable current sources used to 
reduce the input offset voltage of an op amp. 

In this example the balance of current in two circuit paths 
is altered using zener zapping. This technique is 
particularly useful for reducing the input offset voltage of 
an operational amplifier which has added emitter 
degeneration in the input stage in order to improve slew 
rate (figure 4b). The emitter resistors used in this circuit, 
~ and R7, will contribute significantly to the offset 
voltage of the input stage. By modifying the balance of 
current between IA and Is the increased offset voltage 
Vos can be compensated. In this example there are again 
4 bits of trimming resolution with the 3 least significant 
bits controlling one current path and the most significant 
bit controlling the other. With this configuration the 
balance of current can be altered in either direction. In 
other words, the current in T1 can be increased or 
decreased relative to T 2. 
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Figure 4b. 

To increase the current through T, relative to Tz you 
simply short Q" Qz, and Q3 in a binary fashion to get 
increments of I from 11 to 71. To increase the current 
through Tz relative to T, you short Q4 which increase the 
current through T 2 by 81. Then if you want less current, 
short Q" Qz, and Q3 in a binary fashion to offset the 
increase in T z by increments of I down to 11. 

The source of current in the trim circuit should be of the 
same type as the circuit to be trimmed so their 
temperature coefficients will match. In this case the VREF 
in both circuits should be the same, and resistors Rz and 
Ra should be of the same type. 

Shorting zeners is an irreversible process. Thus, it is 
important to check the results of a trim bit pattern before 
actually destroying the junctions. This is done by shorting 
the probe pads externally in the desired pattern through 
relays. In this way all combinations can be tried and the 
best results can be chosen and implemented. 

Although these two examples both use 4 bits (4 zeners) to 
trim a circuit, any number can be used to get more or 
less resolution. The designer should be aware though of 
the practical limitations of each circuit to be trimmed. 
Other error terms like temperature coefficients will 
eventually become significant, and additional trimming 
beyond this point would be fruitless. In addition, the 
more zeners you use, the more probe pads are required. 
In a full custom circuit where minimum die size is the 
ultimate goal, the additional die area required for the 
diodes, pads and trim circuitry may become significant. 
An array, however, typically has unused components 
available for the trim circuitry, and you only have to be 
concerned with the number of bonding pads available. If 
all of the pads are already being used for pinouts then a 
larger array would be required. 

These examples illustrate the usefulness and flexibility of 
zener zapping. There are many other potential 
applications for this technique though, and with a good 
understanding of the basic diode shorting process the 
design engineer can be creative in its application. 

111 The MLC350 is one of the circuits in Micro Linear's library of 
macrocells. Performance details of this circuit and other 
macrocells can be found in the FB300 Macrocell and Component 
Library booklet. 

10-10 'Micro Linear 



'Micro Linear 
September 1988 

Application Note 3 

Design Techniques for Low Input Bias Current 

Analog systems often require high impedance inputs to 
accommodate the demand for higher accuracy. 
Measurement systems which interface to photodetectors or 
high impedance transducers require devices with low offset 
voltage and low input bias current. This is necessary to 
receive and amplify the signal without introducing any 
significant errors. Under this constraint, the designer will 
often select a FET as the primary input device. Although a 
FET input stage may be appropriate in a discrete circuit 
design, there are other all bipolar techniques which are just 
as effective and better suited to an analog array. In some 
cases, these techniques will out perform the FET alternative. 

This application note describes three alternatives for 
obtaining low input bias currents. The design techniques 
described can be applied to many different types of 
circuits from simple emitter followers to complex 
amplifiers. For example, a typical all bipolar operational 
amplifier can achieve input bias currents of about 100nA 
with an offset voltages of about 1mVI1l. Unfortunately 
these characteristics are still not good enough for many of 
the applications previously mentioned. The input bias 
current can be minimized by using one of the following 
design techniques, 1) reducing the collector current 2) 
using a Darlington configuration 3) employing current 
cancellation techniques. This document will briefly 
describe the first two methods but will provide a detailed 
analysis of the cancellation technique as it provides the 
best performance trade-off and is the most involved. 

Reducing the Collector Current 

The simplest approach to achieve low input bias current is 
to reduce the collector current of the input transistors. 
Since the base current tracks the collector current by a 
factor of beta, reducing the collector current of the input 
transistors will reduce the input bias current into the 
bases. Beta will degrade at lower collector currents (figure 
1), however, setting a practical limitation on this technique 
at about SOpA base current. If the circuit does not require 
a high slew rate or high gain bandwidth, this may be an 
acceptable method. 

The Darlington Configuration 

Figure 2 shows a differential Darlington configuration 
which will reduce the input bias requirements by a factor 
of beta. It will also double the offset voltage and reduce 
the voltage gain by 2. The offset voltage doubles due to 
the additional mismatching of the added devices, while 
the voltage gain suffers because only one-half of the 
input signal appears across the inner pair of transistors. A 
higher slew rate and gain bandwidth, though, can be 
achieved with this technique, over simply reducing the 
collector current, but it requires more components. 

Figure 1. Current Gain vs. Collector Current 
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Figure 2. 

The Cancellation Technique 

An all bipolar solution to low input bias current with low 
offset voltage while maintaining high collector currents for 
noise, slew rate or bandwidth reasons requires a 
technique called Input Bias Current Cancellation. 

I nput bias current cancellation is a circuit design 
technique which measures the input current and forces 
an equivalent amount back into the input nodes (figure 
3). Ideally, this results in perfect cancellation of the input 
current. In the circuit in figure 3, the base currents into 
Q3 and Q4 duplicate the base currents into Ql and Q2' 
These currents are then sensed by Qs and Q7 and 
equivalent currents are fed back, via Q6 and Qa.. into the 
input nodes. The total current at each input is thus, 
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Figure 3. 

RL RL 

Assuming all PNP betas (.Bp) are equal, all NPN 
betas (.BN) and all base-emitter voltage drops are equal, 

If all betas are very high, 

IC = IB 
so 

liN = 0 

The main contributor to cancellation errors in this circuit is 
the low beta of the PNP devices. This sets a practical 
limitation on this technique at about 5-10% of the 
uncanceled current, as shown by the following example. 

Assumptions: .BN = 100, .Bp = 30, IB = 70nA 

( 10030) 
liN = 70 1 - 1 + 100 2 + 30 

liN = 70 (.0718) 

liN = 5nA 

This technique does not reduce the input offset current. In 
fact, the additional circuitry, with its additional mismatches, 
increases the offset current by a factor of about 3. The 
input bias current can be reduced to about the same 
value as the offset current, setting the limitation on this 
technique at about 1-10nA. 

In the equations above, the betas of PNPs in the current 
mirror were assumed to be equal. To enhance the viability 
of this assumption, the V CE of each PNP should be kept 
equal. With the cancellation circuitry tied to the positive 
supply the VCE of Q6 and Q8 will change with the input 
voltage, while the VCE of Qs and Q7 will remain constant. 
This further aggravates any beta mismatch which already 
exists. To reduce this effect the circuit can be self-biased 
using current source IBB' diodes D, and Db and transistor 
Q9, as shown in figure 4. 

Figure 4. 
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This circuit keeps the voltage across the cancellation 
circuitry fixed as the input common mode voltage 
changes, which in turn keeps the beta of each device 
constant. 

These techniques for reducing input bias current 
demonstrate the reality of achieving levels sometimes 
thought only possible with JFETs or MOSFETs. Circuits 
being considered for analog array integration which 
contain discrete FETs or FET input op amps should not be 
categorized as not possible. Rather, each individual circuit 
should be analyzed for its critical parameters, keeping in 
mind the trade-offs described above. If none of the 
bipolar solutions is adequate an external FET can always be 
used as an input buffer. 

<11 The offset voltage can be reduced by making use of wafer 
trimming techniques. At Micro Linear a process called zener 
zapping is used. For more information about this process see the 
application note titled "Trimming Bipolar Arrays". 
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High Frequency Complex Filter Design 
Using the ML2111 

1.0 Introduction 
Switched capacitor filters have been growing in popularity 
because of their advantages over active filters. Switched 
capacitor filters don't require external precision capacitors 
like active filters. Their cutoff frequencies have a typical 
accuracy of ±0.3%, and they are less sensitive to 
temperature changes. This allows consistent, repeatable 
filter designs. Another distinct advantage of switched 
capacitor filters is that their cutoff frequency can be 
adjusted by changing the clock frequency. Switched 
capacitor filters offer higher integration at a lower system 
cost. 

Until the introduction of the MLZ111, commercially 
available switched capacitor filters were limited to about 
20 KHz center frequencies. The MLZ111 uses the versatile 
architecture of the MF10 with enhanced performance to 
reach center frequencies of up to 150 KHz with Q values 
up to 20. 

Designing high frequency, high order filters using the 
MLZ111 is the main topic of this application note. 
Particular attention is focused on mode 1c, which has the 
adva'ntage of operating at high frequencies while allowing 
the center frequency to clock ratio to vary based on 
external resistors. A flexible building block is introduced 
which implements all the necessary types of bi-quads to 
realize high order complex filters. Finally an example is 
given which illustrates the design of an eighth order 
Elliptic bandpass filter with a center frequency of 90 KHz 
and a passband from 81 KHz to 100 KHz. 

Figure 1: Signal Processing Systems 

VOLT 

The first part of the application note covers a variety of 
issues: layout, how fast the system clock can be changed 
for sweeping filters, and some differences between 
continuous and sampled data filters. For the reader who is 
already familiar with sampled data filters, section 2 on 
Effects of Sampling, Aperature, Aliasing, and Signal 
Reconstruction may be skipped. 

2.0 Effects of Sampling 
Since the MLZ111 is a switched capacitor filter, it behaves 
as a sampled data system. Switched capacitor filters, as 
opposed to digital filters, are analog sampled data systems. 
The signal remains in the analog domain, as the charge 
on a capacitor. Whether using an analog or digital 
sampled data system, the effects of sampling the signal 
must be considered. 

Figure 1 shows a time domain input and output signal of 
an analog sampled data system. In the ideal case, the 
sampled data system, samples the input signal 
instantaneously, or with an impulse function. The 
amplitude of each sample is equal to the instantaneous 
amplitude of the input signal. The output is a series of 
narrow pulses, each separated by time 1, the sampling 
period. 

2.1 Aperture 
Since an impulse function in the time domain 
corresponds to a flat spectrum in the frequency domain, 
the input spectrum is exactly reproduced in the frequency 
domain, however, in reality the sampling signal is periodic 
and has a finite pulse width. When convoluting a finite 
pulse width with an input spectrum F(jw) with unity 
amplitude, the result is found to be: 

00 

F (·w) =! sin (wTI2) L 
sl J T WTI2 F[Hw - nws)] (1) 

n =-00 

,,~,:~ · .. I __ g_!~_l_--, 
VOLT VOLT 

V\ .,:.2h ~,----~' " TIME ~ G*(S) .--­
G (NT) 

T T 

0) SAMPLED ANALOG SYSTEM 
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Figure 2: Analysis of a Sampled Signal 
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From this equation, the gain is a continuous function of 
frequency defined by (TIT) (sin (WTI2)/(WTI2)) where T is 
the sample 'pulse width in seconds, T is the sample period 
in seconds, and W the frequency in radians per second. 

The time and frequency domain plots for the finite pulse 
width sampled signal are shown in figure 2. Figure 2 is a 
plot of the previous equations where the frequency 
spectrum is formed around multiples of the sampling 
frequency. As long as the adjacent spectra do not overlay 
(aliasing distortion), the continuous signal can be 
reconstructed from the discrete samples. 

To evaluate the amplitude distortion caused by having a 
finite pulse width, one can simply solve equation 1. Since 
the ML2111 has a zero-order hold TIT is unity. Assuming a 
7.5 MHz sampling frequency and a bandwidth of 150 KHz, 
the amplitude distortion or attenuation is 5.7 x 10-3 dB. 

The equation shows that when the sampling frequency is 
40-50 times greater than the bandwidth, the aperture 
effects are negligible. 

2.2 Aliasing 
Another potential source for distortion in a sampled data 
system is aliasing. Aliasing distortion occurs when the 
input frequency to a sampled data system contains 
frequency components above one half the sampling 
frequency. These higher frequency components beat with 
the sampling frequency and are reflected back into the 
baseband causing aliasing distortion. 

The additional spectral components caused by sampling 
the input signal are the sum and differences of the input 
frequencies with multiples of the sampling frequency. For 
example, assume the input to a sampled data system is a 
sine wave with a frequency of 100 KHz (f,) sampled at 
250 KHz (fs), as shown in figure 3a. The first few spectral 

Is 1/T 21s 31s 2/T FREQ 

d. SQUARE-TOPPED SAMPLED-SIGNAL SPECTRUM 

components will be at: (fj = 100 KHz; original signal, 
fs - fj = 150 KHz, fs + fj = 350 KHz, 2fs - fj = 400 KHz, 
2fs + fj = 600 KHz, ... ) Now assume fj has a second 
harmonic, which would be at 200 KHz, the spectral 
components are shown in figure 3b. If our bandwidth of 
interest were from DC to fsl2, then the fs - 2fj 
component interferes with the original signal. If we were 
to reconstruct the original signal by lowpass filtering it, we 
could not separate the aliased component, fs - 2fj = 50 
KHz, from the original signal. 

If our bandwidth of interest is a bandpass, the aliased 
component may not interfere. For example, if the ML2111 
were to be used as a four pole bandpass filter with a 
center frequency at 100 KHz and a Q = 10 as shown in 
figure 3c, then the aliasing components in the above 
example would be filtered out as shown in figure 3d. But 
if the ML2111 were to be used as a low pass filter, then 
the fs - 2fj aliased component would not be filtered out 
by the ML2111, and an anti-aliasing filter would be 
needed. 

If the input signal is not band-limited, and the aliasing 
components fall within the bandwidth of interest, then a 
lowpass filter or anti-aliasing filter must be placed in front 
of the ML2111. This filter must be a continuous filter 
rather than a sampled data filter, however, the complexity 
of this filter is typically much less than the ML2111 filters, 
and its frequency response is less critical allowing for 
relaxed component tolerances. 

Since no frequency component can be totally eliminated, 
one must determine the acceptable amplitude of the 
aliasing components that will not impact the Signal to 
Noise ratio of the system. 

The higher the ratio of sampling frequency to input 
bandwidth, the lower the requirements on the anti­
aliasing filter. Figure 4 shows the effects of sampling rate 
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Figure 3. Aliasing Distortion Using Sample Data Filters 
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rate on the separation of sampled signal spectra. Note the 
amount of overlap increases as the sampling frequency is 
decreased for a fixed input signal bandwidth. In general, 
the higher the sampling frequency, the less aliasing 
distortion. Since the ML2111's sampling frequency is 
typically either 50 or 100 times greater than the input 
bandwidth, the aliasing distortion may be negligible. 

2.3 Signal to Noise Ratio and 
Aliasing Distortion 

To determine whether aliasing distortion could be a 
problem, one must first determine the Signal to Noise 
Ratio of the overall system. Aliasing distortion less than 
the signal to noise ratio is of no concern. 

The data sheet specifies noise based on Q and 
bandwidth. From these specs one can deduce the SIN 
ratio of one bi-quad in the ML2111. Using a simplified 
example, a bandpass filter with a Q = 10 and a system 
clock to center frequency ratio of 50:1 has noise that is 
262 {Nrms over a 750 KHz bandwidth; taken from the 
specs in the data sheet. To determine the maximum input 
signal amplitude, one must consider the slew rate spec. 
The typical value is 2 V/psec, however a comfortable 
safety margin is 1.495 V/psec for the commercial 
temperature range and 1.256 V/psec for the military 
temperature range. The slew rate = 21riA, where f is the 
maximum input frequency, and A is the peak amplitude 
in volts. Therefore A = 1.495E6/(2*1T*100E3) = 2.3 Volts; and 
the SIN = 78 dB. 

Application Note 4 

Based on a 100 KHz bandpass filter with a Q = 10, 
fCLK:fo = 50:1, and a signal to noise ratio of 78 dB, what 
sort of anti-aliasing filter would be sufficient? One must 
first look at the spectrum of the input signal, particularly 
in the 4.895 MHz to 4.905 MHz frequency range since this 
is the range that will be reflected back into the 
bandwidth of interest, 95 KHz to 105 KHz. If the 
frequency components in the 4.895 MHz to 4.905 MHz 
are below 78 dB, they will have a minimum impact on 
the signal to noise ratio. Let's assume that these frequency 
components are down only 20 dB. Then the anti-aliasing 
filter will have to attenuate the frequencies in the 4.895 
MHz to 4.095 MHz range by 78 - 20 = 58 dB, and pass 
the frequencies in the 95 KHz to 105 KHz frequency 
range with no attenuation. A simple two pole Butterworth 
filter with a cutoff frequency of 170 KHz will be sufficient, 
however there will be an attenuation of about 0.5 dB at 
100 KHz due to this filter. 

Figure Sa shows a Sallen-Key active filter capable of 
implementing two poles, and figure 5b shows a Rauch 
filter also implementing two poles. These two active filters 
are good examples to use for anti-aliasing and 
reconstruction filters. Using the Rauch filter for the above 
example, Cs = 400 pF, Cs = 90 pF, and R = R4 = R6 = R7 = 5 KO. 
Fortunately the cutoff frequency for the antialiasing 
and reconstruction filters are not critical since capacitors 
can vary 5% and resistors can vary 1%. Taking into 
account component tolerance for our example, the cutoff 
frequency can vary worst case from 152 KHz up to 
178 KHz. 

The important aspects to note are that one must first 
determine the signal to noise ratio in the bandwidth of 
interest. Based on this bandwidth, are there any 
frequencies that will be reflected back into the bandwidth 
of interest, and if so how much will they need to be 
attenuated? Remember that frequency components 
reflected back outside of the bandwidth of interest, will 
be filtered by the ML2111. Since the ratio of the sampling 
frequency to the center frequency is large on the ML2111, 
most designs will not need an anti-aliasing filter, and if 
they do, a simple two pole butterworth should suffice. 

2.4 Signal Reconstruction 
The output signal of a switched capacitor filter contains 
higher frequency components since it is a sampled signal. 
Many systems can accommodate these higher frequency 
components; however, if they interfere with the system's 
performance, then a signal reconstruction filter can be 
employed. 

A time domain and frequency domain plot of the output 
from the ML2111 is given in figure 6. The output signal 
changes amplitude every clock period. These sharp 
transitions elicit high frequency components in the output 
signal. Once again, the fact that the ratio of the sampling 
frequency to the input bandwidth is high, reduces these 
distortion effects. As a result of the sin (x)/x envelope, the 
higher frequency components are attenuated. For 
example, assuming the input bandwidth is 100 KHz and 
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Figure 4: Effects of Sampling Rate on Aliasing Noise 
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the sampling rate is 5 MHz, the frequencies around 4.9 
MHz are down 34 dB, and they degrade towards zero as 
the frequency reaches 5 MHz. A single pole 
reconstruction filter with a cutoff frequency at 200 KHz 
would add an additional attenuation of Z1 dB at 4.9 MHz 
but would attenuate the output by 1 dB at 100 KHz. A 
two pole Butterworth as in figure Sa or 5b would yield 58 
dB of attenuation at 4.9 MHz and only 0.5 dB at 100 KHz. 

3.0 Layout Considerations 
The layout of any board with analog and digital circuitry 
combined mandates careful consideration. The most 
important steps in designing a low noise system are: 

1. All power source leads should have a bypass capacitor 
to ground on each printed circuit board (PCB). At least 
one electrolytic bypass capacitor (50 /1F or more) per 
board is recommended at the point where all power 
traces from the ML2111 join prior to interfacing with 
the edge connector pins assigned to the power leads. 

2. Layout the traces such that analog signal and capacitor 
leads are far from the digital clock. 

3. Both grounds and power supply leads must have low 
resistance and inductance. This should be accomplished 
by using a ground plane where ever possible. Either 
multiple or extra large plated through holes should be 
used when passing the ground connections through 
the PCB. 

FREQUENCY DOMAIN 

'.'b- • FREQ 

4. Use a separate trace for clock ground, and connect it 
to the edge connector board ground. 

5. Use ground plane on both sides of PC board. 

6. All power pins on ICs should have 0.1 /1F and a 0.01 /1F 
capacitors in parallel tied to ground, and as close to 
the power pins as possible. 

7. Stray capacitance, lead lengths, and traces, on pin 4 
and 17, the negative input of the op amp, should be 
kept to a minimum, particularly for high frequency 
filters which are more sensitive. 

Figure Sa. Sallen-Key Filter 

~t>L . 1 + 

,*cs 

B = R4R7CSC8 = 1Iw02 R4 = R7 
C = Cs (~ + R7) = 1IQwo 
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Figure 5b. Rauch Fiher 
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3.1 Clocks and Output Loading 
It is important to properly terminate the clock input to 
prevent overshoot. Each pin has protection diodes for 
Electro-Static Discharge (ESD), and any overshoot of more 
than 0.3 to O.S volts will be injected directly into the 
Ml2111's ground and/or supplies. Matching the 
characteristic impedance of the line will prevent any 
ringing thus reduce clock noise. 

When operating with high clock frequencies, the output 
of the op amp and integrators should be properly loaded. 
Ideally these outputs-lp, BP, and N-like to drive a total 
of 2 to 3 rnA of peak current each. Assuming the output 
,voltage swing is ±2 volts, the sum of Rs and Rs. in mode 
1c for example, should be 2 Vl2 rnA or about 1,000 ohms; 
assuming no other resistors are connected. Sometimes this 
is difficult to do if the ratios and loading cannot 
simultaneously be achieved. In this case an additional 
loading resistor placed as close as possible to the output 
pin will serve the purpose of properly loading the outputs. 

4.0 Sweeping Filters 
One particularly nice feature of sampled data filters is the 
fact that the center frequency of a filter is directly related 
to the clock frequency. For a lowpass filter, increasing the 
clock frequency increases the cutoff frequency. Even 
though the center frequency increases proportionally with 
the clock, Q stays constant. Therefore in a bandpass filter, 
increasing the clock frequency increases the center 
frequency as well as the bandwidth. Table 2 in the data 
sheet illustrates this relationship. (Note that there is some 
Q deviation as the system clock goes beyond a certain 
value. Refer to figure 2E in the data sheet for a graph of 
this phenomenon) 

A good rule of thumb for the maximum rate a filter can 
be swept is that the Sweep Rate should be less than the 
square of the bandwidth of the filter. This will reduce 
attenuation of the passband as a result of sweeping the 
filter. The theoretical derivation of this approximation is as 
follows. 

Assume we have a bandpass filter with an in-band signal 
that starts at t = O. The output of the filter will 
exponentially increase until it reaches the steady state gain 
of the passband. After 4 time constants (T), the output 
sine wave will be at 98% of its final amplitude. 

Sweeping a filter is analogous to keeping the filter 
constant and sweeping the input frequency. To prevent 
the filter from attenuating the sweeping input signal by 
more than 2% or 0.16 dB: 

Sweep Rate < BW/4T 

but the time constant can be approximated by: 

and, 
T= Q12mo 

Q = folBW or BW = folQ 

substituting T and BW into equation (2) results in: 

Sweep Rate < 7TBW212 

(2) 

(3) 
(4) 

(S) 
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5.0 High Frequency Operation 
There are three basic modes for the ML2111 - mode 1, 2 
and 3. Within each mode there are several variations as 
shown in the table below. 

Mode 1* High Frequency Mode 

1, la, ld fo up to 150 KHz; 0 up to about 20** 
lb,1c fo up to 100 KHz; 0 up to about 30 

Mode 2 Flexible for Notches 

2, 2a, 2b fo up to 30 KHz; 0 up to about 30 

Mode 3 Most Flexible/Low Component Count 

3,3a fo up to 30 KHz; 0 up to about 30 

* Q and fo have an inverse relationship. This table is only an 
approximation. Actual performance depends on board layout and 
stray capacitance. 

** 15% or less Q deviation. Higher Q's can be realized with greater 
deviation. 

Mode 1 is the only mode which has the input amplifier 
outside the resonant loop. This is important because the 
input amplifier reduces the bandwidth potential of the 
filter. Only Mode 1 can achieve filters with resonant 
frequencies up to 150 KHz. 

Inserting an ML2111 into an MF10, LMF100, or LTC1060 
socket and increasing the clock frequency does not 
automatically increase the bandwidth potential up to 150 
KHz. If these pin-compatible parts were designed using 
Mode 1, the bandwidth improvements would be realized; 
however if they were used in another mode, there would 
be limited bandwidth improvements. 

Complex, high order filters usually have pole pairs with 
different center frequencies; Elliptical and Chebyshev 
filters are two examples. To realize two pole pairs in one 
ML2111 with different center frequencies, one must either 
use two different clocks, or use a mode which allows the 
center frequency to be modified by external resistors. 

Using different clock frequencies to realize poles with 
different center frequencies is not recommended. Besides 
the additional expense of providing more than one clock, 
th~two system clocks may beat with each other and 
possibly result in side tones that falls within the passband 
of the filter. Additionally if anti-aliasing is needed, 
separate anti-aliasing filters would be needed for each 
stage. 

Looking at tables 1 and 2 in the ML2111 data sheet, one 
can see the modes that allow the center frequency to be 
modified by external resistors. These modes each have an 
additional coefficient multiplied by fClK/l00(50). From the 
block diagrams one can see that the modes which allow 
the center frequency to be modified, feedback the lP 
output using a resistor divider. The modes that restrict the 
ratio to 50 or 100 have a unity gain LP feedback . 

If the coefficient multiplied by fClK/l00(50) is greater than 
or equal to 1, as in Mode lb, then the ratio of fClK to fo 
can be less than 50 or 100. Whereas if this coefficient is 
less than or equal to 1, then the ratio of fClK:fo can be 
greater than or equal to 50 or 100. Reducing the ratio of 
fClK to fo to less than 40 to 50 is not recommended. As 
the ratio of the sampling frequency to the center 
frequency is reduced, the approximation of a sample data 
filter to a continuous filter is reduced. Aperture effects 
increase, aliasing effects may increase, harmonics in the 
output increase, and the warpage between the discrete 
and the continuous filter increase. 40 to 50:1 is the 
minimum recommended ratio of fClK to fo. 

Based on the above arguments one might conclude that 
100:1 is better than 50:1. In general this is true for 
switched capacitor filters, but not for the ML2111. The 
specifications in the data sheet show that a 50:1 ratio 
provides a more accurate 0 than a 100:1, and a 50:1 ratio 
allows higher frequency filters. 

Mode 3 is the most flexible since the center frequency 
can be greater than or less than fClKI100(50) by selecting 
Rz and R4. Its also the most efficient since it has the 
lowest component count. However mode 3 can only 
work up to 30 to 40 KHz or Os up to the 10 to 30 range; 
higher fo can be obtained with lower Os. Sometimes a 
small capacitor (C4) across R4 can compensate the filter 
response and offer less 0 deviation. The value should be 
selected by setting C4 equal to 1I27TR4BW where BW is 
approximately equal to 2 to 4 MHz. 

Another reason mode 3 can only be used at lower 
frequencies is that there is a true sample and hold at the 
positive input of the summer. This sample and hold adds 
a 7.2 degree delay at the center frequency when using a 
50:1 ratio (360°/50). By using a higher ratio this delay is 
lowered. Since the ML2111 allows a higher system clock 
than other competing devices, this delay can usually be 
made smaller for similar center frequencies. 

In conclusion, for high frequency filters use Mode 1. For 
complex filters with various center frequencies use Mode 
lc. In most cases one should choose 50:1 over 100:1 ratio 
for more accurate O's and center frequencies. 

5.1 A Flexible Building Block 
Figure 7 shows the block diagram of a second order 
section which includes both a complex pole pair and a 
complex zero pair. The poles are provided by the ML2111 
and the zeros realized by one and sometimes two 
external op amps. This building block uses mode lc 
which allows the poles to have a center frequency based 
on external resistors as well as the clock, plus it can be 
used in higher frequency filters since the op amp is 
outside ot the resonant ioop. The same feediorward 
circuit can be used on other modes as well, but for high 
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frequency filters, where each complex pole pair has a 
different center frequency, mode 1c is the best choice. As 
mentioned before, only when Butterworth filters are 

Figure 7: Flexible Building Block 

r-----'N..----+------QBP(2) 
K2 

At least one and sometimes two external op amps are 
required to realize the zeros. The first op amp serves as 
an inverter, while the second one sums the input signal 
with the lowpass and bandpass outputs. A fast op amp 
should usually be used with greater than 10 MHz 
bandwidth to minimize signal phase shifts. Depending on 
the application, sometimes a slower amplifier will suffice. 
In some cases no external op amp is necessary and the 
second op amp in the ML2111 if not being used will 
suffice. This was done in figure 34 in the data sheet. 

With the Flexible Building Block a lowpass, high pass, 
notch, and all pass section can be realized by properly 
positioning the zero locations. Zero locations are chosen 
by selecting the appropriate resistors. The difference 
between the lowpass output provided by the ML2111 in 
mode 1c and the lowpass function realized by the flexible 
building block is that in mode 1c the response is 
monotonically decreasing, while the Flexible Building 
Block has a complex zero pair which inserts a ripple in 
the stop band and flattens out at high frequency. 

Since the Flexible Buidling Block uses mode 1c, the pole 
equations remain the same whether there is feed forward 
or not. What changes is the zero location and the DC 
gain. The following equations are used to determine the 
pole locations and Q for the Flexible Building Block, 
which uses mode 1c. 

f - felK ~ 
0- 100(50) V~ 

Q_R3.~ 
R2V~ 
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desired, use mode 1 to achieve higher frequencies and a 
higher dynamic range. The transfer function for the 
flexible building block is given below. 

lP(1) 

Vo 

A handy set of equations to convert pole and zero 
locations given in rectangular coordinates to fo and Q 
values is as follows: 

Complex Pole = u + jw; 

vu2 +w2 1 
fo = -- Q =- V1 + (w/u)2 

21T 2 

By cascading several of these building blocks, complex 
high frequency Elliptical filters can be realized. 

5.2 Lowpass 

(6) 

(7) 

For a lowpass design with a notch, the zeros should be 
placed on the jw axis at frequencies greater than the 
poles' center frequency. In the numerator of the transfer 
function for equation 6, the coefficient for sw, should be 

. R3 R'8 set to zero; setting - = -. 
R, R'7 

Since ~ w,2 = euo2, the coefficient 
Rs + R6 

R2R12R,7 ( Rs ) . 1 + --- 1 + - determines the center frequency of 
R,R11 R'9 R6 

the zero. In this form it is always greater than one, 
therefore the center frequency of the zero is always 
greater than the center frequency for the poles; hence a 
lowpass filter. The pole/zero location and the frequency 
response are shown below. 
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Equations for the lowpass configuration: 

R17 

R19 R2 ( RS) - 1+-
R1 R6 

(~)2 -1 

fz = fo 

DC Gain = HOlP = (_ R10 ) (1 + _R_2R_1_2_R_17 (1 + Rs )) 
R17 R1R11R19 R6 

The ratio of the zero to the pole frequency determines 
the DC to high frequency attenuation. 

When the zeros are at the same frequency as the poles 
the bi-quad becomes a notch, and there is no difference 
between the high frequency and low frequency gain. The 
larger the difference between the pole and zero 
frequencies, the greater the rejection. Figure 8 illustrates 
the relationship between pole/zero location and gain. 

Figure 8: Varying fz and Keeping fo and Q Constant 
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5.3 Highpass 
For a highpass filter the zeros must be less than the 
center frequency for the poles. The pole/zero plot and 
the frequency plot are shown below. 
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To place the zeros at a lower frequency than the poles 

. . R2R12R17 ( Rs ) the coeffiCient 1 + --- 1 + - must be less than 
R1R11R19 R6 

one. This can be done by removing the inverter in figure 
7, which makes the sign of R19 negative. To place the 

zeros on the jw axis, once again R3 = R18 . Equations for 
R1 R17 

the high pass configuration: 

5.4 Notch 

Even though mode 1c provides a notch output, the notch 
realized by the flexible building block achieves 0 dB of 
gain at DC and at high frequencies regardless of the Q 
value. The problem with the notch in mode 1c is that 

HON1 (f - 0) = HON2 (f - fClK/2) = V R6 
Rs + R6 

Q 
As Q increases HON1,2 must decrease otherwise the 
bandpass output node, BP pin 2 or 19, will saturate. The 
restriction is that HOBP = 1 = -R3/R1' Let's take a simple 
case when Rs = 0, then HON1 = HON2 = 1IQ. The plot 
below shows the notch for different Q's in mode 1c. 

Figure 9: Mode lc Notch when Rs = 0 

A 

1 
Q= 1 o dB 

-20 dB Q - 10........... ~~:..-____ _ 

n Q. V 
~dBL-___________ ~L-_______ -.. 

10 1 

To realize the notch using the Flexible Building Block the 
zeros must be placed on the jw axis at the same resonant 

. R3 R18 
frequency as the poles. Therefore from equatron 6, - = -

R1 R17 
and R19 - 00. Setting R19 equal to infinity means removing 
it from the circuit; which saves an op amp and a few 
resistors. HoBP still must equal one, however the gain at 
DC and fClKI2 is independent of Q; HON1 (f - 0) = HON2 
(f - fClKI2) = -R101R17. Tuning R18 adjusts the depth of 
the notch. See figure 34 in the data sheet for an example. 
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5.5 Allpass Equalizer 
An all pass filter is used to linearize the filter's phase 
response. A linear phase response results in a constant 
group delay. An all pass filter keeps the gain constant and 
just shifts the phase. To keep the gain constant and only 
shift the phase, the poles and zeros must be equal but on 
opposite sides of the s-plane as shown below. 

iw 

¥--- --Ii) 
I I 
I I 

I I q 
I I .-- --0 

S-plane representation of 
2nd order Allpass Fiher 

The Flexible Building Block can function as an allpass 
R17R3 when R19 - 00 and -- = 2. The Transfer function for 
R18R1 

the all pass is: 

5.6 Frequency Compensation 

(8) 

In some cases it is possible to improve the Q accuracy 
and minimize Q deviation by adding a capacitor (Cs) in 
parallel with Rs in figure 7. This capacitor serves as 
compensation for a pole at around 2.4 MHz in the output 
of LP. The zero location should be placed at around 2.4 
MHz, where the internal pole is. Unfortunately Cs adds a 
pole as well as a zero to this branch. If this pole is too 
close to the zero, the benefit of Cs is diminished. The 
zero location is: fz = 1127TRsCs and the pole location is: fp 
= 1127T(Rs II R6)CS, (Rs II R6 is the parallel equivalent 
resistance). The larger the- ratio of the pole frequency to 
the zero frequency, the better this capacitor will serve. 

The highest center frequency attained is when Rs equals 
zero. (Note: Practically speaking Rs should never be zero, 
to allow fine tuning of fo.) Unfortunately Cs cannot 
properly compensate the 2.4 MHz internal pole with a 
negligible value for Rs. To overcome this problem, 
compensation can be achieved at high frequencies using 
an op amp in the LP feedback branch as shown in 
figure 10. 

The center frequency in mode 1c is calculated by the 
following equation: 

fCLK 50 . 
-f - = - where k = Transfer functIOn 
ov'k 

Application Note 4 

With a passive feedback loop using Rs and R6, k =~. 
Rs + R6 

However when using the op amp configuration as in 

figure 10, k = (~) (1 + R8 ). When k = 1 the ratio is 50. 
Rs + R6 R7 

Using active feedback in mode 1c has the unique 
advantage of allowing the ratio of clock to center 
frequency to be less than 50 by setting k greater than 1. 
It is not recommended to use ratios less than 40-50, 
however this feature does allow more freedom in tuning 
the center frequency of the pole above or below the 
ratio of 50. If the circuit uses a crystal for fCLK' and the 
pole needs to be tuned, Ra could be a potentiometer to 
allow tuning of the pole. For this compensation to work 

R8 should be 4-9 to provide phase lead before phase lag. 
R7 

Figure 10: Compensation Using Active Feedback for High 
Frequency Poles 

Cs = 33-66pF (Depends on board's parasitics) 
R8 = 18000; R7 = 200 
R6 = 1000, Rs = 9000 

Using mode 1 instead of mode 1c as configured in figure 
7, is a better solution for high frequency poles; however 
there are certain cases where mode 1 cannot be used. For 
example, if one of the two bi-quads in the ML2111 is 
already used in mode 1c, then the other one must also 
operate in mode 1c. It would be less expensive to add an 
op amp to the second bi-quad of an existing ML2111 than 
to add an additional ML2111 just to use one bi-quad 
operating in mode 1. 

Figure 11a shows the Q accuracy vs. clock frequency in 
mode 1c using passive feedback for a Q approximately 
equal to 10. Q inaccuracy dramatically increases just 
beyond 100 KHz center frequency. Figure 11b shows Q 
accuracy vs. center frequency in mode 1c using active 
feedback with a DC transfer function of 1. The op amp 
used for this measurement was an AD5539, where 
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R8 =' Rs = 9. This op amp is a good choice because it has 
R7 Rt; 
a wide bandwidth, 220 MHz, and is low cost. The figure 
shows that 0 deviation does not dramatically increase 
until well beyond 120 KHz; therefore for higher 
frequency operation and high 0, the use of mode 1c 
with active feedback is recommended. 

Figure 11a: Mode 1c with Passive Feedback 
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Figure 11b: Mode 1c with Active Feedback 
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6.0 Design Methodology for Complex Filters 
The previous section described how to use the Flexible 
Building Block to implement lowpass, highpass, notch, 
and all pass second order sections. Higher order filters are 
achieved by cascading these second order sections. For 
example an Elliptical notch is accomplished by cascading 
lowpass and high pass sections as shown in figure 12. 

An Elliptical bandpass is also a combination of highpass 
and lowpass sections, except for a bandpass filter the 
cutoff frequency for the highpass bi-quads are lower than 
the cutoff frequency for the lowpass. 

Figure 12: Fourth Order Elliptic Notch 

A WWPASS HIGHPASS CASCADED 

L..B_I __ Q_U_A_D __ -,--,-__ B_I __ Q_U_A_D __ ... t~ 

Once the pole and zero location have been determined 
for the filter desired, the next step is to choose the 
proper mode of operation and translate the center 
frequency and 0 values for each pole and zero into 
resistor values. If the pole and zero locations are given in 
real and imaginary values, they can be converted to fa 
and 0 by using equation Z 

For center frequencies between 0 and 20 KHz, either 
mode 3 or mode 1c can be used. Sometimes mode 3 or 
mode 3a will result in a lower component count. 
However mode 3 should be used with caution since high 
Os and high parasitic capacitance on pin 4 and 17 can 
lead to oscillations. This can usually be compensated by 
using a capacitor across R4, which provides some phase 
lead, and low value resistors such as 1-2 Kohms. 

For center frequencies between 20 to 100 KHz, where 
each pole has a different center frequency, mode 1c 
should be used. This range can be extended up to 
120 KHz with active compensation in the LP feedback 
path as shown in figure 11b. The combination of high Os 
(20 to 30), and high frequencies (above 80 to 100 KHz), 
and parasitic capacitar.ce across Rb, can lead to 
oscillations. This can be dealt with by placing a capacitor 
Cs across Rs, or by using active compensation. 
Additionally the signal swing should be limited to about 1 
to 1.4 volts peak-to-peak . 
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For filters where fa is the same for all pole locations, such 
as Butterworth, lowpass or Highpass. High order filters 
with cutoff frequencies up to 150 KHz can be realized 
using mode 1. In this case the signal level can be 
increased to 2.82 volts peak-to-peak. 

7.0 Design Example 

The following is an example an eighth order Elliptic 
bandpass filter with a center frequency of 90 KHz and a 
bandwidth of 19 KHz. This filter was designed built and 
tested on its own printed circuit board. A print of the 
masks for the PCB, and a photograph of the performance 
of the filter is included at the end of this section. 

In general, high Q filters (Elliptic and Chebyshev) will 
have higher sensitivity to component and temperature 
variations and higher noise than low Q filters such as 
Butterworth and Bessel. 

a) 8th Order Elliptic Bandpass with the following Filter 
characteristics: 

Amax: 0.5 dB (peak to peak passband ripple) 

Amin > 50 dB (stopband attenuation) 

(f" fl ) Passband: 81,000 to 100,000 Hz 
(geometrically symmetric) => fcl = f, x fl 

(fel Center: 90,000 Hz . 

Stopband: 70.5 KHz to 115 KHz 

b) Obtain: 

{ 

fm = 80839 Hz 

I fOl = 85820 Hz 
Po es 

f03 = 94383 Hz 

f04 = 100200 Hz 

{ 

fza = 69185 Hz 

fzb = 50082 Hz 
Zeros 

f zc = 117080 Hz 

f zd = 161733 Hz 

Q, = 30.2 

Ql = 10.86 

Q3 = 10.86 

Q4 = 30.2 

c) After considering a few pole-zero pairing' 
combinations the following (not necessarily optimum) 
combination was adopted. 

Section 1 
HP· 

G, = .1231 

Section 2 
LP 

Section 3 
HP 

Section 4 
LP 

Gl = .488 G3 = .2474 G4 = .121 

Note: G, are the high frequency gains. (= R,O/R,7) 

Because of difficulty in solving equations first order 
equation were calculated and final values found by 
using potentiometer. 

Application Note 4 

d) Choose fCLK = highest fa = 100200 
@ 50:1 => 50fo = 5.01 MHz. Choose ~ 10% higher 
ICLK = 5.5 MHz. It's better to choose a slightly larger 
ICLK to be able to adjust Rs. 

e) Design Procedure. 

f) 

Section 1. *) Want a ratio = 5.5 MHz == 68 = R 
80839 Hz t 

H s Rs 
in Mode 1c Rt = 50 x 1 +- => 1 +- = 1.8516 

R6 R6 
Assume Rs + R6 = 1000 0 

then 1 +~ = 1000 = 1.8516 
R6 R6 

=> R6 == 5400 (fixed R) 
=> [Rs = R6 (1.8516 - 1) == 460 OJ [10000 trim potj 

*) Want Q = 30.2 use following approximation: 

Q V1 + Rs (Note) 
R3 R6 
R = ; where fx = 2.4 MHz 

2 1 + Q(folfx) (internal pole) 

== 20.4 => assume R2 = 2000 0 
and R3 = 40.7 KO (100 K trim pot) 
and initially assume R, = RJ = 40.7 KO 

*) Zero. Use the following approximation. 

fza = 69185 Hz 

R2 (1 + RS) 
R, R6 

1 - (69185/80839)1 
= 2.89 

1120 x 1.8516 

Since R'9 loads the lP output then assume R'9> 50000. 
Also since later we will fine tune the gains this 
relationship will slightly change. Thus, initially assume 
a higher R'7 which can be change later if needed. 

Choose R'7 ~ 30 KO (fixed R) 
and R'9 = 10 KO (20 KO trim pot) 
choose R'8 = R'7 (initially) 
and R,o = R'7 x G, = 30K x .123 = 3690 0 (fixed R) 

(Note: This is a first order approximation that underestimates 
the value of Q, whose final value will be tuned in later in the 
breadboard stage.) 

1. By looking at the bandpass output adjust Rs until 
the peak frequency is fa, in this case 80839 Hz 

2. Then adjust R3 until Q = 30.2 

3. Then change R, until the peak of the bandpass or 
lowpass output (larger of the two) is about 0 dB. 
R, does not need to be a trim pot. 

4. Now by looking at the output of the section adjust 
R'9 to place the zero at the correct frequency (in 
th is case 69185 Hz) 
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5. Adjust R18 to obtain a deeper notch. Sometimes 
R18 is not needed at all and can be removed from 
the circuit. 

6. Check the high frequency gain so that it is 
Gl = .1231 

7. Design the rest of the sections the same way 

8. Keep Rl0 of first section as a trim pot to slightly 
trim gain of the whole filter (if important in the 
application). 

For this design these are the final values: 

Section 1. 

Rl = 94.5 KO 
Rz = 2 KO 
R3 = 66.2 KO (100 K pot) 
Rs = 452 n (1 KO pot) 
R6=5400 

Section 2. 

Rl = 65 KO 
R2 = 2 KO 
R3 = 47.4 KO (100 K pot) 
Rs = 170 0 (500 0 pot) 
R6=8300 

Section 3. 

Rl = 31.5 KO 
R2 = 2 KO 
R3 = 23.3 KO (50 K pot) 
Rs = 389 0 (1 KO pot) 
R6=6000 

Section 4. 

Rl = 25 KO 
Rz = 2000 0 
R3 = 21.4 KO (50 K pot) 
Rs = 279 0 (500 0 pot) 
R6=7320 

R10 = 3.83 KO 
R17 = 32.4 KO 
R18 = 15 KO 
R19 = 4.65 KO 
HLP PEAK = 1.1512 (+1.22 dB) 
H BP PEAK = .846 (-1.45 dB) 

Rl0 = 14.34 KO 
R17 = 28.7 KO 
R18 = 00 

R19 = 2.9 KO 
HLP PEAK = 1.12 (+.984 dB) 
H BP PEAK = .972 (-.247 dB) 

R10 = 9.05 KG 
R17 = 40 KO 
R18 = 16.86 KO 
R19 = 6.35 KO 
HLP PEAK = 1.074 (+.62 dB) 
HBP PEAK = .834 (-1.58 dB) 

R10 = 12 KO 
R17 = 99.97 KO 
R18 = 00 

R19 = 6 KO 
HLP PEAK = 1.12 (+.924 dB) 
H BP PEAK = .953 (-.418 dB) 

Note: All R's are 1% metal film 1I4W 
Trim pots are 2S turns. 1/2W 

When placing resistors in and out of the ML2111 filter 
circuit, specifically R3, the filter will oscillate at fo due to 
the Q going to infinity. Also when designing high 
frequency high Q filters. such as fo = 100 KHz and Q = 30 
like pole #4, high voltage swings may cause nonlinear 
operation provoking oscillations. Changing fCLK 
momentarily to a much lower value will restore the filter 
to a stable linear operation. Thus it is important for high 
frequency, high Q filters to limit the input signal swing to 
about 500-700 mV peak. 

7.1 Performance Measurements, Schematics 
and PCB Layout 
Figure 13: Frequency Response of Eighth Order 

Elliptic Filter. 

The center frequency is at 90 KHz with the lower cutoff 
at 81 KHz and the upper cutoff at 100 KHz. The stopband 
is down -55 dB at 70.5 KHz and 115 KHz. 

Figure 14: Passband of Filter Showing 0.5 dB Ripple. 
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Figure 15: Group Delay. 

A constant group delay can be achieved by adding allpass 
equalizer sections to this filter. 

Application Note 4 

Figure 16: Power Spectral Density of the Noise 
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This plot shows that the pole/zero pairing and order of 
the bi-quad sections chosen was not optimum as far as 
noise is concerned. The plot shows that the upper band 
edge of noise is higher than the lower band edge. A 
different combination of pole/zero pairing and order 
pairing would have yielded a flatter noise response and 
possibly a lower noise value; which would have then 
improved the SIN ratio. The current design yields SIN of 
about 40 dB assuming a noise bandwidth from 1 KHz to 
179 KHz. Input voltage = 353 mV,m" output noise voltage 
= 3.14 mV,ms' 
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Figure l8a: PCB Layout Component Side 

Figure l8b: PCB Layout Solder Side 
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Part # 

Resistors 

R1A 
R2A 
R3A 
R4A 
R5A 
R6A 
RllA 
R12A 
RnA 
R15A 
R16A 
R17A 
R18A 
R19A 
Rll0A 
RlllA 
Rl12A 
Rl14A 

RAA 
RAB 

R210A 
R211A 
R212A 
R214A 
R21A 

R22A 
R23A 
R25A 
R26A 
R27A 
R28A 
R29A 

R1B 
R2B 
R3B 
R4B 
R5B 
R6B 
Rll0B 
RlllB 
Rl12B 
Rl14B 
R11B 
R12B 
RnB 
R15B 
R16B 
R17B 

1 R18B 
R19B 

10-28 

Value 

1 KO 
500 0 
1 KO 
1 KO 
500 0 
1 KO 
94.5 KO 
2 KO 
66.2 KO 
4520 
540 0 
32.4 KO 
15 KO 
4.65 KO 
3.83 KO 
OPEN 
OPEN 
OPEN 

1000 
1000 

14.3 KO 
5 KO 
5 KO 
2.5 KO 
65 KO 

2 KO 
4Z4 KO 
1700 
830 0 
28.7 KO 
OPEN 
2.9 KO 

1 KO 
500 0 
1 KO 
1 KO 
500 0 
1 KO 
9.05 KO 
OPEN 
OPEN 
OPEN 
31.5 KO 
2 KO 
23.3 KO 
3890 
600 0 
40 KO 

116.86 KO 
6.35 KO 

ML2111 Application Board Parts List 

Note Part # Value Note 

Resistors (Continued) 

R210B 12 KO 
R211B 5 KO 
R212B 5 KO 
R214B 2.5 KO 
R21B 25 KO 
R22B 2 KO 
R23B 21.4 KO 50 KO Pot 
R25B 279 0 5000 Pot" 

100 KO Pot R26B 7320 
1 KO Pot " R27B 100 KO 

R28B OPEN 
R29B 6 KO 100 K Pot' 

10 KO Pot' 
Capacitors 

10 KO Pot' C15A OPEN 
C25A OPEN 

C15B OPEN 
C25B OPEN 
Cl 100 flF bypass 
C3 100 flF bypass 
C4 0.1 flF bypass 
C5 0.1 flF bypass 
C6 0.1 flF Ul bypass 
C7 o.m flF Ul bypass 
C8 0.1 flF Ul bypass 
C9 o.m flF Ul bypass 
Cl0 OPEN U2 bypass 

100 KO Pot C12 OPEN U2 bypass 
500 0 Pot" C13 OPEN U2 bypass 

C14 OPEN U2 bypass 
C16 0.1 flF U3 bypass 
C17 o.m flF U3 bypass 

10 KO Pot' C18 0.1 flF U3 bypass 
C19 o.m flF U3 bypass 
C20 0.1 flF U4 bypass 
C21 o.m flF U4 bypass 
C22 0.1 flF U4 bypass 
C23 o.m flF U4 bypass 
C24 0.1 flF US bypass 
C26 o.m flF US bypass 
C27 0.1 flF US bypass 
C28 o.m flF US bypass 
C29 0.1 flF U6 bypass 
C30 o.m flF U6 bypass 
C31 0.1 flF U6 bypass 

50 KO Pot 
1 KO Pot" 

C32 o.m flF U6 bypass 
C33 OPEN U7 bypass 
C34 OPEN U7 bypass 
C35 OPEN U7 bypass 

150 KO Pot' 

C36 OPEN U7 bypass 
C37 0.1 flF U8 bypass 
C38 O.mflF U8 bypass 
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ML2111 Application Board Parts List (Continued) 

Part # Value Note Part # Value Note 

Capacitors (Continued) ICs 

C39 0.1 pF U8 bypass U1 Ml2111CCP 
C40 0.01 pF U8 bypass U2 OPEN 
C41 0.1 pF U9 bypass U3 lM318H 
C42 0.01 pF U9 bypass U4 lM318H 
C43 0.1 pF U9 bypass US lM318H 
C44 0.01 pF U9 bypass U6 Ml2111CCP 
C45 0.1 pF U10 bypass U7 OPEN 
C46 0.01 pF U10 bypass U8 lM318H 
C47 0.1 pF U10 bypass U9 lM318H 
C48 0.01 pF U10 bypass Ul0 lM318H 

Jumpers Miscellaneous 

J1A IN 20 scope probe sockets 
J2A OUT 3 BNC connectors 
J1B IN 3 female banana plugs 
J2B OUT 2 20 pin low profile sockets 

• Gain and zero frequency adjustment. May not be needed if application can tolerate shght variations in stop band . 
•• R5 - In most cases R5 can be replaced by a 1% resistor after trimming has been done. 
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Appendix A. Flexible Building Block Summary 

Lowpass -

fo = felK V ~ . Q = R3 V ~ 
100(50) Rs + Rs ' R2 Rs + Rs 

Highpass -

10-30 

LP 
1(20) 

'Micro Linear 
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VOUT 



Allpass -

Notch -

SA/B 

6+ _15 
Y- -

116 RS 

LP 
1(20) 

LP 
1(20) 

SA/B +------4 

6+ -=15 
Y-
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YOUT 

YOUT 
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Appendix B. Derivation of Flexible Building Block Transfer Function 

v - VSP ('), 
lP - 5 

10-32 

f, = fClK 2TT 
50 

f = V R6 fClK 2TT 
o R5+~ 50 

(,) = 2m 
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ML2200, ML2208 Software Driver 

1.0 Introduction 
This application note presents a very simple software 
driver for the Ml2200/Ml2208 Data Acquisition 
Peripheral. As mentioned in the data sheet, under 
section 6.0 "Methods of Data Transfer to the 
Microprocessor'; there are several ways to handle the 
AID converted data output from the Ml2200/M1:2208; 
1) Data on Demand, 2) Polling; 3) Interrupt, or 4) DMA 
This application note presents a driver for Data on 
Demand. 

An application using Data on Demand requires the 
AID converted data at arbitrary times, as opposed to 
the other three methods of data transfer which 
requires the microprocessor to periodically read the 
data. The Ml2200/Ml2208 operating in a Data on 
Demand mode is not running continuously. Data on 
Demand would be more characteristic of a data 

Initialization Mode (Power-On Initialization) 

1) Power on 
2) Write (40H) to Control Register 
3) Write (80H) to Control Register 
4) Wait 16,520 external clocks 
5) Read Status Register 
6) Is ClCP = 1, Yes: continue, No: go back to step 5 
7) Write (40H) to Interrupt Acknowledge Register 
-) Call (Self Calibration Diagnostic Module) 

8) Write (88H) to Index Register 
9) Write (08H) Window High Reg 
10) Write (26H) Window low Reg 
11) Write (01H) Window High Reg 
12) Write (26H) Window low Reg 
13) Write (02H) Window High Reg 
14) Write (26H) Window low Reg 
15) Write (03H) Window High Reg 
16) Write (26H) Window low Reg 
17) Write (04H) Window High Reg 
18) Write (26H) Window low Reg 
19) Write (05 H) Window High Reg 
20) Write (26H) Window low Reg 
21) Write (06H) Window High Reg 
22) Write (26H) Window low Reg 
23) . Write (87H) Window High Reg 
24) Write (26H) Window low Reg 

acquisition application rather than a signal processing 
application which would need to sample a signal 
periodically in order to be able to reconstruct it. 

The driver is written in pseudo code, which is no 
particular language but should be easily translatable to 
any computer language. It is a step-by-step process of 
reading and writing values to Ml2200/Ml2208 registers. 

Four modules are covered: Initialization, Activate 
Conversion and Read Data, Self Test Diagnostic, Self 
Calibration Diagnostic, Power Down and Power Up 
Modules. Initialization covers power-up procedures 
and optionally may call Self Test and Self Calibration 
Diagnostic modules. Activate Conversion is the steady 
state module that is called each time the AID data is 
desired. Power Down and Power Up are used only if 
this capability is desired. 

; Reset 
; Set Calibration 

; ClCPAK 
; OPTIONAL 

; Use Program shown on last page figure 1 

Point to first 
instruction RAM use 
auto increment 
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25) Write (OAH) to CO('!trol Reg 

26) Write (OBH) to Control Reg 
27) Call (Self Test Diagnostic Module) 

Activate Conversion and Read Data Module 
(Called each time ND converted data is desired) 

1 ) Read status register 
2) Is ISQ = 1? Yes: continue, No: go back to step 1 
3) Write (10H) to Interrupt Acknowledge Reg 
4) Wait (8 x 31.4 f.JS = 251.2 f.JS) 
5) Read status register 
6) DBR = 17 Yes: continue; No: go back to step 5 
7) Read Window low Register save as High Byte 

Read Window low Register save as low Byte 
8) Go back to step 7 seven more times 
9) Return 

Self Test Diagnostic Module 

; set MSTR bit so 
; that pulse goes out 
; each conversion and 
; put in DMA mode to 
; facilitate reading 
; data. 
; Set Run bit 
; OPTIONAL 

; end of initialization module. 

; acknowledge ISQ 

; DMA mode allows 
; f.lP to read High and 
; low bytes at same 
; address 

(Assumes the program in figure 1 is already loaded in the Instruction RAM as performed in the initialization module. 
When the SlFT bit is set, the diagnostic program is the same one as shown on page 22 of the data sheet. This 
module sets the SlFT bit, starts a conversion, then checks the data for the results.) 

1) Read Control Register 
2) Or (20H) 

3) And (7FH) 
4) Write back into control register 
5) Call (ACTIVATE CONVERSION AND READ DATA MODULE) 
6) Check selftest data 

(Note: these values may not be exact due to the potential noise in the system) 

7) Read Control Register 
8) And (5FH) 
9) Write back into control register 
10) Return 

; Set SlFTST in 
; Control Register 
; don't set CAL bit 

; DataO=O 
; Data 1 = +1 
; Data 2 =-1 
;Data3=0 

; clear SlFT bit 
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Self Calibration Diagnostic Module 
(This can be used to verify that the part is properly calibrated. It should be called between steps 7 and 8 in the 
initialization module. This test is not necessary since each production part is fully tested before it is shipped.) 

1) Write (08H) to Index Register 
2) Write (88H) to Window High Register 
3) Write (60H) to Window low Register 
4) Write (01 H) to Control Register 
5) Read Status Register 
6) Is ISQ = 1? Yes: continue, No: go back to step 5 
7) Write (10H) to Interrupt Acknowledge Register 
8) Read Status Register 
9) Is DBR = 17 Yes: continue, No: go back to step 8 
10) Write (OOH) to Index Register 
11) Read Window low Register 
12) Is Data = OFFH? Yes: Failed Calibration, No: continue 
13) Write (OOH) to Control Register 
14) Return 

Power Down Module 

1) Read Control Register 
2) And with (7EH) 
3) Write Control Register 
4) Read Status Register and Process any conditions 
5) Write (OFFH) to Interrupt Acknowledge Register 
6) POWER DOWN (pDN pin goes low) 
7) Return 

Power Up Module (Coming from a Power Down State) 

1) POWER UP (pDN pin goes high) 
2) Wait (10 msec) 
3) Read Control Register 
4) Or with (01H) 
5) And with (7FH) 
6) Write to Control Register 
7) Return 

last AlRMEN Mode 

SEQO 0 0 Intra Sequence 
Pause 

SEQl 0 0 Immed Execute 

SEQ2 0 0 Immed Execute 

SEQ3 0 0 Immed Execute 

SEQ4 0 0 Immed Execute 

SEQ5 0 0 Immed Execute 

SEQ6 0 0 Immed Execute 

SEQ7 0 Immed Execute 

; Point to the first 
; Instruction 
; load with RDCAl 
; Set RUN bit 
; Wait for ISQ 

; Start Program 

; Wait for Data 
; Point to Data 

; Take out of Run Mode 

; Clear the Run Bit 

; Clear all Interrupt 
; Conditions 

; Set the Run Bit 

CHAN Cycle 

CHO 13 

CHl 13 

CH2 13 

CH3 13 

CH4 13 

CH5 13 

CH6 13 

CH7 13 

Figure 1. ML2208 Program Used in Driver 
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PRIMARY 
INDEX 

REGISTER 
VALUE 

SECONDARY 

(RS4-RSO) UPPER BYTE LOWER BYTE 

BIT 5 BIT 4 BITl BIT 2 BIT 1 BIT 0 J 00000 ~D~15~==~DB~~D7~==~DO~ } 

05 D4 03 I 02 01 . DO I ~T!~TA (READ) 
WINDOW LOW REGISTER 16-BITCAL (WRITE) 

READ/WRITE ~I ~001~=:=~D1~5=:=~D~14=:=~D~13=:I~~D1~2:;'I~~D~11~~I:~D~10~~I=~D9:=:=~DB:= 
WINDOW HIGH REGISTER 

ADDRESS BIT 7 BIT 6 

READ/WRITE I 000 I 07 I D6 

READ/WRITE 1 010 1 AUTOII 

READ/WRITE 1 011 CAL 

READ ONLY 1 100 INT 

1 RS4 1 RS3 I RS2 I RSI 
INDEX REGISTER 

RESET 1 SLFTST 1 TCLK 1 DMA I LOBYT I MSTR I 
CONTROL REGISTER 

CLCP 1 RNER 1 ISQ 1 OVRN 1 ALRM 1 OVRG 1 
STATUS REGISTER 

RSO 01000 

RUN 

DBR 

10000 1 

WRITE ONLY ... 1 ...;1:;.;oo:.....& __ ..J.I.;;.CL;;.;C'-'PA.;;.K;.J.IR;.;;N.;.;;E,;.;RA=K':':I"'ISQ'=A"'K"'\OV~R"'N:,oA~""A,::L"'RM-::A=K"'IOV=R"'G-'A~"-"-D;;.;BRA;;.;c.;JK I 
INTERRUPT ACKNOWLEDGE REGISTER :1 

1 SR2 SRI SRO 100111 READ ONLY 1 101 1 'I 
A2,Al,AO SEQUENCE REGISTER 

~ 
ADDRESS 

15 14 

'Writi", this bit has no effe<:l 

·"'Write a zero to these bits 
read back ones 

13 12 11 

MODE SELECT 
000 = IMEDIATE EXECUTE 
001 _ INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100= EXTERNAL SYNC/TIMER 

PRESET /TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 

~ 
DATA 

Figure 2. ML2200/ML2208 Registers 
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INPUT CHANNEL SELECT 
000 = CHANNEl 0 
001 = CHANNEL 1 
010 = CHANNEL 2 
011-CHANNEL3 
100 = CHANNEl 4 
101 = CHANNElS 
110=CHANNEL6 
111 = CHANNEL 7 

6 

CYCLE SElECT 
000=16 BITS 
001=13 BITS 
010=8 BITS 
011 = READ CAL CODE 
111 = WRITE CAL CODE 

4 

GAIN SElECT 
00=1 
01=2 
10.4 
11=8 

Figure 3. ML2208 Bit Map of Instruction RAM 
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16-BIT TIMER VALUE 

16-BIT ALARM A VALUE 
16-BIT ALARM B VALUE 
UPPER BYTE 
8-BIT INTERRUPT ENABLE 

LOWER BYTE 
8·BIT ALARM CRITERIA 

o 

REFERENCE SELECT 
000 = CHANNEL 0 
001 = CHANNELl 
010 = CHANNEL 2 
011 = CHANNEL 3 
1OO=CHANNEL4 
101 = CHANNELS 
110= INTERNAL VREF 
111 = ILLEGAL 
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Vince Cardinale 

Introduction 
Although fiberoptic technology has been ar~>un.d for 
some time, its cost and the lack of standardization has 
hindered its widespread application, until recently. The 
introduction of new integrated circuits developed 
specifically for fiberoptic systems has lowered the 
costs, making fiberoptic links more competitive .. 
Applications in Telephony, LANs, WANs, and pOint to 
point high speed interfaces, have ~elped make . 
fiberoptics one of the fastest growing segments In the 
electronics market. 

Micro Linear's fiberoptic products can be used to 
implement a range of different fiberoptic interfaces. 
Data rates up to 100 Megabaud which are compatible 
with ECl or TIL are achievable using a single 5 volt 
supply. Most of the applications for these produ~s 
require bandwidths above lMHz, where the quality of 
the interface can be compromised with a poor 
implementation. With this in mind, having a thorough 
understanding of fiberoptics will significantly contribute 
to the success of a circuit design. This application note 
will address the transmit and receive circuits, some 
important PC board layout techniques, and will 
conclude with a sample circuit and board layout. 

Fiberoptics 
Fiberoptic systems have several key advantages ov~r 
their wire equivalents, which account for the continued 
effort to make them practical in more applications. The 
most significant advantage is the low level of attenuation 

1-----1 
I I 
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Fiberoptics 

seen with high frequency signals. This feature allows a 
higher degree of mUltiplexing than is achievab.le using 
wire. This is exactly what is needed for long distance 
telephone lines and computer networks. Other 
attractive features include a lack of RFI radiation and a 
low sensitivity to EMI noise. These characteristics make 
it easier to meet FCC regulations and increase the 
security of data transmissions. 

In a fiberoptic system (figure 1) digital data is coded 
into a serial bit stream represented by bursts of light 
from a laser diode or lED. This light is channeled by 
the fiber to a PIN photodiode at the receiver which is 
sensitive to the frequency of the light transmitted. 
Because light effects the reverse current flow through 
a PIN photodiode, a transimpedance amplifier is 
required to convert this curre~t to a voltage and .b?ost 
the low level signal to something usable. A quantizing 
circuit usually follows because variable fiber lengths 
and conditions will distort the signal. The Quantizer 
squares the signal and conforms to standard interface 
levels (ECl or TIL). 

Fiberoptics is not a perfect interface, though. The 
signal level can be attenuated by insertion loss at the 
transmitter and receiver, connector loss, and 
transmission loss. These losses limit the maximum 
length of the fiber and affect the requirements of the 
transmitter and receiver. In order to accommodate a 
worst case situation, a flux budget should be 
developed so that minimum circuit performance levels 
can be ascertained. 

,--------1 
I I 

r-__ FIBE_R_--r'I1i i =t Q:2l~'~ ~. ~:. CLOCK I 
I :: I 
L ____ ~_J L ________ --1 

,,/ ./ 
TRANSMlmR CIRCUITRY RECEMR CIRCUITRY 

Figure 1. 
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Defining a Aux Budget 

10 log (cPr) = aoL + arc + aeR + naee + aM 
qJR 

A flux budget is a mathematical representation of the 
optical power in a fiberoptic system. It accounts for 
connector losses, attenuation due to fiber length, and a 
safety margin defined by the designer. Defining this 
budget is one of the first things that should be done 
when designing a fiberoptic link. 

Each of the terms is defined as follows: 

qJr is the flux IpW) available from the transmitter 
qJR is the flux IpW) required by the receiver 
ao is the fiber attenuation constant (dB/km) 
L is the fiber length (km) 
arc is the transmitter-to-fiber coupling.loss (dB) 
ace is the fiber-to-fiber loss (dB) for in-line connectors 
n is the number of in-line connectors 
aeR is the fiber-to-receiver coupling loss (dB) 
aM is the safety margir;J (dB) 

A graphical representation of the flux budget is shown 
in figure 2. Option (a) depicts the use of in-line 
connectors. Option (b) is without them. 

16 aTe - INSERI"ION lOSS, TRANSMlmR 

~ aCR - INSER1"ION lOSS, RECEIVER 

~ ~ :: aCC - IN·L1NE CONNEOOR LOSS 

l" ~ 8 

l ~ 6 

::~~ 4[7'1 t-pf-7-::~~~~ 
.. 2 I I 

I I 

Figure 2. 

To keep power consumption at a minimum, the 
appropriate starting point is the minimum acceptable 
signal level at the receiver. This minimum received 
power level, summed with several interface losses gives 
the minimum output power of the LED. If the fiber 
length can vary in a given system then the dynamic 
range of the receiver is important and the maximum 
received power must also be calculated. 

Dynamic Range 

The dynamic range of the receiver must be large 
enough to accommodate all the variables a system may 
present. Figure 3 shows an example dynamic range 
calculation for transmission distances ranging from 10 
meters to 1000 meters with 12.SdB/km cable, and up to 
two in-line connectors. 

alED = LED output variation 
aLOe = LED driver variation 
aoL = 1km x 12.5dB/km 
naee = 2 x 2dB 
aM 
Thermal Variations 

Dynamic Range 

= 7.OdB 
= 2.2dB 
= 12.SdB 

4.0dB 
= 3.OdB 
= 1.0dB 

29.7dB 

Figure 3. 

The Circuit Design 

The combination of low receiver input sensitivity with 
significant dynamic range requires the receiver to have 
two important features: amplitude control and AC 
coupling. 

An offset voltage in the receiver will reduce its 
sensitivity by not allowing low level signals to trigger 
the digital output circuit. The circuit in figure 4 
contains both AC coupling between the 
transimpedance and limiting amplifiers, and a DC 
restoration loop around the limiting amplifiers. These 
two features keep the offset voltage through the 
receiver to an absolute minimum, thus maximizing 
sensitivity. 

~Lt:rl-----"" L .. IM .... IT ... I_N_G_AM_P _____ --I 

·r 
COMPARAlOR 

TTL DATA OUT 

Figure 4. 
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In order to handle a wide dynamic range, like 5OdB, 
special attention must be given to the receiver circuit 
design. Applying a large input signal to a typical 
amplifier can cause the transistors in the signal path to 
saturate resulting in pulse width distortion and 
reduced bandwidth. Some technique of controlling the 
amplitude must be incorporated in order to protect 
the signal integrity. 

Amplitude control can be achieved with either an AGC 
circuit or with the use of limiting amplifiers. An AGC 
circuit keeps the transistors out of saturation by 
reducing the gain of the circuit as the Signal amplitude 
increases. A limiting amplifier simply limits the signal 
amplitude to a point before saturation. This technique 
results in a simpler, higher bandwidth design and so 
was chosen by Micro Linear. 

Data Format 

The data format is important since it affects the 
bandwidth and duty cycle which the interface must 
accomodate. There are many ways to code data in a 
serial format. Some codes allow unlimited consecutive 
symbols while others do not. Those that do not are 
called Run-Length-Limited (RLL) codes. A fiberoptic 
interface which incorporates AC coupling to increase 
sensitivity can only pass RLL type codes. The particular 
run-length-limited code chosen must be considered 
carefully since it will affect the bandwidth of the 
system. 

Manchester code is popular in AC coupled systems 
because it has a 50% duty cycle and can be encoded 
and decoded with relatively simple circuits. In 
Manchester code two symbols are used for each bit 
transmitted. This doubles the fundamental frequency 
which the interface must handle. A more efficient RLL 
code is 4B5B. This code uses 5 symbols to send 4 bits. 
This represents an increase in efficiency from 50% 
(Manchester) to 80% (4B5B). A fiberoptic interface which 
will transmit 40 Megabits per second using 4B5B coding 
must accomodate 50 Megabaud (symbols per second). 
Since there are always 2 symbols per cycle the 
minimum system bandwidth is 25 Megahertz. If 
Manchester code was used to transmit 40 Megabits per 
second the interface would have to handle 80 
Megabaud or a minium bandwidth of 40 Megahertz. 

Bandwidth 

From the example just described you can see how the 
code chosen effects the minimum bandwidth of the 
fiberoptic interface to be designed. The optimum 
system bandwidth is actually somewhat higher though 
due to four conflicting concerns: noise, intersymbol 
interference, power, and bit error rate. 

If an interface were designed with a 3dB bandwidth 
equal to the minimum bandwidth as described above, 
level transitions would be smooth, like a sine wave. 

Application Note 6 

This is not desirable for a digital signal. Also, smooth 
rise and fall times will cause interference between 
adjacent symbols resulting in a distortion of the output 
Signal. This is known as intersymbol interference. A 
fiberoptic interface with a higher bandwidth will have 
faster rise and fall times and less intersymbol 
interference. On the other hand, a higher bandwidth 
will increase the noise on the output signal. When you 
combine these two opposing effects with the desire for 
low power and a low BER (Bit Error Rate) (which also 
conflict), an optimum bandwidth can be derived. The 
curve in figure 5 indicates the optimum bandwidth is 
about 50% higher than the minimum bandwidth. 

RECEIVED OPTiCAl POWER 
FOR CONSTANT BER 

.-- \ 
OPnCAl POWER --~ 
FOR SPECIFIC BER '--___ ---'1'--____ BANDWIDTH 

1.5 (MIN BWl 

Figure 5. 

Transmitter Design 
The light source can be either a laser diode or an LED. 
Because a laser diode has such a narrow spectrum of 
radiant light it is called a Single Mode light emitter. 
Multi Mode light emitters radiate a wider spectrum of 
light. LEOs are Multi Mode and as such suffer from a 
higher level of chromatic dispersion, caused by 
different propagation velocities for light of different 
wavelengths. This is the dominant bandwidth limiting 
factor for LEO driven fiberoptic links. light emitting 
diodes have an emission spectrum on the order of 40 
to 60nm full width at half maximum amplitude centered 
at 820nm. On the other hand, LEOs are much cheaper 
than laser diodes and can be modulated in the 100MHz 
range, making them suitable for short to mediu.m 
distance communications such as LANs and pOlnt-to­
point computer interfaces. 

LEOs are current driven devices so a current 
modulation circuit is needed to use the LED as a data 
transmitter. In applications where the data rate is less 
than 10MHz a circuit similar to figure 6 will be 
adequate to drive the LED without a significant amount 
of pulse width distortion. Unfortu~at,:ly, LEOs do .not 
turn on or off linearly nor are their rise and fall times 
equal. For data rates above 10MHz these characterist!cs 
need to be considered in order to get the best pOSSible 
performance. 
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Vee 

RL t IF 

" " Vee - VF - VeE 
If" RL 

Two techniques which can be used to improve the 
turn-on time of an LED are "pre-bias" and "drive 
current peaking': Pre-bias is a small forward voltage 
applied to the LED in the "off" state. This voltage 
prevents the junction and parasitic capacitances from 
discharging completely when the LED is in the "off" 
state, thus reducing the amount of charge that the . 
driver must transfer to turn the emitter back on. Dnve 
current peaking is a momentary increase in LED 
forward current that is provided by the driver during 
the rising and falling edges of the current pulses that 
are used to modulate the emitter. The time constant of 
this peaking circuit needs to be equal to t~e minority 
carrier lifetime of the emitter so that the nse and fall 
times will be improved without causing excessive 
overshoot of the optical pulses. Figure 7 shows the 
problems which can result from excessive peaking. 

OPTICAL OVERSHOOT DUE 10 EXCESSIVE 
PEAKING OF THE LED DRIVE CURRENT 

Figure 7. 

The circuit in figure 8 implements both the pre-bias 
and peaking techniques described above. When the 
DATA signal is low the voltage divider created by R1 ' 
and R2 can be set-up so the voltage between R1 and R2 
is slightly less than the LED turn-on voltage. This pre­
bias voltage prevents the LED capacitance from 
discharging completely which allows the LED to turn 
on faster because less time is required to completely 
charge the junction capacitance. The time to 
completely charge the LED can be reduced further by 
increasing the amount of current flowing in the LED 

duirng turn-on. The capacitor in this circuit has the 
effect of connecting R3 in parallel with R2 for a short 
time during level transitions. This momentary condition 
allows additional current to flow through R3 and the 
LED. By matching the R3C time constant to th~ minority 
carrier lifetime of the LED, peak performance IS 

achieved. 

vee 

DATA 

Figure 8. 

LEDs are characteristically harder to turn off than to 
turn on. This phenomenon is commonly refered to as 
the long-tailed response, and is depicted in figure 9 as 
it relates to transmitted optical power. Circuits such as 
the one in figure 6 exhibit this problem because there 
is no low impedance path to dissipate the stored 
charge in the LED when t~rning off. In order .to . 
compensate for this an active pull down configuration 
should be used. For the circuit in figure 8, this can be 
achieved by using an input buffer with a totem pole 
output structure. When the DATA ~ignal. is low, .the 
lower transistor of the totem pole IS active. Acting as a 
current sink, this device provides a low impedance path 
for the charge stored in the LED junction, reducing 
pulse-width distortion and the magnitude of the long 
tail. 

Figure 9. 
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The ML4631 LED Driver 
The ML4631 (figure 10) uses a circuit topology similar to 
figure 8. With no external components this circuit will 
provide 60mA DC forward current to the LED during 
the "on" state and maintains a pre-bias voltage of about 
1.1V during the "off" state. By adding a small external 
capacitor, the peaking effect described earlier can be 
induced. A proprietary high speed driver, utilizing 
schottky devices and a clamped internal supply, is used 
to drive the RC network. An enable pin is provided for 
gating the DATA signal. The output of the Driver is 
capable of sinking or sourcing 100mA at 100MBd. 

vee vee 

c 

Figure 10. 

Because all the nodes around the resistors are available 
to the user, the LED forward current can easily be 
modified using the following equations 

Vee - 4.7VF + 10.73 
R1 = -==----'---­

IF 

R1 
R2 =- - 2 

3.7 

2ns 
C=-­

R2 + R3 

(1) 

(2) 

(3) 

(4) 

In equation 1, VF is the forward voltage drop of the 
LED when a forward current of IF is passed through it. 
The values for R1, Rz, and R3 were chosen for the 
ML4631 by setting IF to 60mA, VF to 1.8V and solving 
the above equations. Since the forward voltage drop of 
an LED is related to the forward current, a graph of 
their relationship is usually provided in the LED data 
sheet. The graph of IF vs VF for the Hewlett Packard 
HFBR-1414 is shown in figure 11. If a different forward 
current is desired, the corresponding forward voltage 
drop should be used in equation 1. 
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" 40 
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10 
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v, - FORWARD VOLTAGE - V 

Figure 11. 

Different configurations can be used to set the DC 
current up to approximately 100mA Since the forward 
current supplied to the LED comes not only from the 
Driver output but also from Vee through R1, it would 
appear the maximum IF achievable is more than the 
100mA output spec of the Driver. However, because of 
the additional peaking current and the tolerance on the 
output drive current, the practical design limit is 
typically about 100mA 

Operating the ML4631 as shown in figure 10 will 
produce an LED forward current of about 60mA ± 35%. 
This range is mainly due to the 20% tolerance of the 
resistors in the output stage. Using one or two 1% 
external resistors will substantially improve the accuracy 
of IF. Figure 12 shows several configurations with 
various IF levels and accuracies. Each of these examples 
uses at least one on-chip resistor, usually configured as 
the R3 in figure 8. Since R3 affects only the peaking 
current, its accuracy is less critical and does not affect 
the steady state forward current at all. For complete 
flexibility, the high speed Driver output is available to 
drive an external RC network. 

Vee Vee 

33pF 

Figure 12a. 
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vcc 

DATA 

ENABLE 

Figure 12b. 

vcc 

DATA 

ENABLE 

35 I, - 55rnA ± 13% 

Figure 12c. 

vcc 

DATA 

ENABLE 

18 I, - 105rnA ± 13% 
'----e-'VVo,.--J 

Figure 12d. 

vcc 
vcc 

121 

DATA 
.,# 

I -' 

I";:' 
J ENABLE ~ 1 b 27 L ____ _ 

-= 33pF 
I, = 64rnA ± 26% 

Figure 12e. 

vcc 

Figure 12f. 

29 I, - 66rnA 
± 13% 

Note: Tolerance calculations were made with the following 
assumptions: 
1) On.chlp resistor tolerance is ±35% to account for process 

and temperature variatIons over 0-70·e. 
2) Off·chip resistor tolerance is·±l%. 
3) Power supply is 5.0V ± 10%. A 5V ± 5% supply will 

improve the I, tolerance values shown above by ±3%. 
4) V, - 1.Sy' 

Receiver Design 
For optimum performance the receiver needs to 
combine a wide dynamic range (about SOd B), high 
sensitivity (down to 1IlW), high bandwidth (SOMHz) 
and compatibility with standard digital interfaces (ECL 
or TTL). Another feature which is required in some 
fiberoptic systems is a Link Monitor. This circuit 
monitors the input level and sets a flag and/or 
disables the digital output when the input falls below 
a predetermined point. 

The four major functional blocks of a receiver are the 
optical to current conversion, the current to voltage 
conversion, the analog to digital conversion, and the 
Link Monitor. A PIN photodiode and a transimpedance 
amplifier can be used to perform the first two 
functions while the third and fourth require several 
discrete standard devices and a significant amount of 
design effort or one of Micro Linear's Quantizer 
products. 

There are several manufacturers of discrete PIN 
photodiodes and transimpedance amplifiers which are 
suitable for this application. Some of these 
manufacturers offer both functions in a single module 
compatible with fiberoptic connectors. These 
modules, like the Hewlett Packard HFBR-24X6, isolate 
the most noise sensitive section of the receiver, the 
PIN photodiode to transimpedance amplifier 
connection, and protect it from outside influences. In 
addition, they are relatively low cost, and eliminate 
the need to design the fiberoptic connector hardware. 

The output of these receiver modules is a low leve! 
analog voltage which is directly proportional to the 
incident optical power. This signal needs to be 
amplified, squared-off, and appropriately level shifted 
(for ECL or TTL outputs). As described earlier, a 
limiting amplifier can be used in this application to 
accomodate a wide input dynamic range while 
maintaining a high bandwidth. 
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Building a high speed analog to digital conversion 
ci~cuit which must. perform over a wide dynamic range 
with low offsets uSing off-the-shelf components is 
?ifficul~. Furthermore, a worst case analysis may be 
Impossible because some of the parameters critical to a 
fiberoptic receiver design, such as input offset and 
input referred noise are not always included in the 
discrete component specifications. The typical 
bandwidth of these devices may be known but the 
minimum is not always guaranteed, yet this is required 
for a worst case analysis. 

The Ml4621, Ml4622, and Ml4623 Quantizers 

The Ml4621, Ml4622, and Ml4623 Quantizers eliminate 
these problems by providing a monolithic solution. All 
three products include a limiting amplifier front end, a 
comparator output section and a Link Monitor. The 
Ml4621 is the most flexible circuit. The differential data 
path be~een. the amplifier section and the comparator 
section IS available to the user for filtering or wave 
shaping. In addition, both ECl and TIL outputs are 
available, and the Link Monitor peak detector can be 
controlled with an external current source or the value 
of the peak detector capacitor. 

The Ml4622 and Ml4623 are more application specific. 
The Ml4622 has an ECl output while the ML4623 has a 
TIL output. In both products the node between the 
amplifier and comparator is not brought out to the 
user, and the Link Monitor peak detector can be 
controlled only by the value of the peak capacitor. Like 
the Ml4621, the Ml4622 (ECl output) was optimized for 
speed (65~Hz typical) while the Ml4623 (TIL output) 
was optimized for low power (40mA typical). Both fit in 
a 16 pin SOIC package. 

Application Note 6 

Input Amplifier Section 

All o~ ~he quantizer products have a two stage limiting 
amplifier with a DC restoration feedback loop. Figure 13 
shows this input circuitry in detail. The two input 
coupling capacitors Cl and C2 perform two important 
functions. First they eliminate any offset voltage created 
by the transimpedance amplifier, and in addition they 
create a high pass filter at the input of the Quantizer. 
This filter establishes the low corner frequency, flJ of 
the Quantizer's 3dB bandwidth. 

1 
fL = 27T 8000 C (C = Cl = C2) (5) 

8000 represents the parallel combination of the DC bias 
setting resistors 10K and 35K. Using a 0.1pF capacitor for 
C1 and C2 establishes a corner frequency at about 
200Hz. C4 and Cs control the high corner frequency, 
fH• 

1 
fH = -27T-4-25-C 

425 represents the internal impedance at nodes CF1 
and CF2. Using a 20pF capacitor for C4 and Cs 
establishes a corner frequency at about 19M Hz. If CF1 
and CF2 are left open the high corner frequency will 
be >50MHz for the Ml4621 and Ml4622, or >40MHz 
for the Ml4623. 

csfT.l 

(6) 

QUANTIZER CFl CF2 ":" 
,---------------- ----------

>-l 
VIN+ I 

c, I 

>-I V'N_ I 

C2 : 

I 
Voc 

VREF 

10K 

35K 

":" 

VREF 

10K 35K 25K 25K 
25K 

25K 10pF J: J: 10pF 

Figure 13. 
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The bandwidth of the receiver, as defined by fH - fu 
can be adjusted to the particular needs of different 
systems. The high pass filter not only eliminates DC 
offsets but also reduces any low frequency power 
supply noise picked-up in the transimpedance amplifier 
and associated traces. The low pass filter reduces high 
frequency noise which directly effects the signal to 
noise ratio and thus the sensitivity of the receiver. Since 
these circuits were designed for maximum bandwidth, 
some band limiting should be used as indicated in 
figure 5 to maximize sensitivity. 

Although the input is AC coupled, the offset voltage 
within the limiting amplifiers will be present at VauT+ 
and VauT-. This is represented by Vas in figure 14. In 
order to reduce this error a DC feedback loop is 
incorporated. First, the DC component of VauT+ and 
VauT _ is developed through an RC filter of 25K and 
lOpE Then a difference amplifier circuit with a gain of 
10 is used to provide a single ended signal, stored in 
C3, which can be fed back into the inverting input 
terminal. This negative feedback loop nulls the offset 
voltage, forcing Vas to be zero. 

VOuP~t 
Vos 

vouT-~l 

Figure 14. 

Although the value of C3 is non-critical, the pole it 
creates can effect the stability of the feedback loop. In 
order to avoid any stability problems the value of C3 

* ~ Vee 

330 330 

ECl+ 

ECl 

GND 510 510 

T 
... 

-S.2V 

should be at least 100 times smaller than Cl and C2. In 
some systems C3 can actually be eliminated due to the 
dominant effect C1 and C2 have on the loop. 

The limiting amplifiers have a maximum output voltage 
swing of about 700mVp_p. Since the gain of the 
amplifiers is 75, input signals greater 9mV will be 
clipped at about 2.7V and 3AV. Typically this signal is 
connected directly to the comparator inputs, as in the 
Ml4622 and Ml4623. If some filtering or wave shaping 
is desired between the amplifier output and the 
comparator input, the Ml4621 should be used since 
these nodes are brought out to pins. If AC coupling is 
involved, the DC bias must be reestablished between 
(GND + 2V) and (Vee - lV). Also, the loading on VauT+ 
and VauT- should be kept below 3mA, and be aware 
that CMP+ and CMP- will sink about 25pA. 

Output Comparator Section 

The Ml4621 has both ECl and TIL outputs. If the ECl 
output is to be used, the power to the TIL output 
section can be removed by connecting Vee TIL and 
GND TIL to Vee. This will reduce the Vee supply 
current by 5 to lOrnA. The Quantizer can be powered 
by -5.2V (Vee = OV and GND = -5.2V), which produces 
standard ECl output levels, or +5V (Vee = +5V and 
GND = OV), providing raised ECl levels. The ECL 
outputs on the Ml4621 can source up to lOrnA, so a 
2000 load tied to -2V (below Ved can be 
accommodated. If a -2V supply is not available, 
connecting the ECl output to GND through a 5100 
resistor, and to Vee through a 3300 resistor will 
provide the same voltage swing as 2000 tied to -2V 
(see figure 15). If the standard ECl load of 500 tied to 
-2V is required the Ml4622 can be used. 

ECl+/------_-+ 

ECl-/---_--+--+ 

GND 200 200 

~ L ~ 
-S.2V -2V -2V 

Figure 15. 
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The output comparator is gated with the CMP ENABLE 
pin which is active low. When CMP ENABLE is high, 
ECl+ is held high, ECl- is held low, and TIL OUT is 
held high. If the Quantizer is powered by +SV and 
ground then any external TIL compatible signal can be 
used to control this pin. If a -S.2V supply is used, the 
signal should be appropriately level shifted. In either 
case, the TIL LINK MON pin can be used to drive the 
CMP ENABLE pin directly. The TIL LINK MON is an 
output signal from the Minimum Signal Discriminator 
circuit providing the Link Monitor function. 

Link Monitor Section 

The TIL LINK MON and ECl LINK MON pins both 
provide an output signal indicating when the input data 
signal is below a user defined acceptable level. Under 
normal operating conditions this output will be low, 
indicating the data is of acceptable amplitude. The 
voltage levels on the TIL LINK MON pin are TIL 
compatible if the power supply is +S\I. With a -S.2V 
supply the ECl LINK MON output pin will provide 
single ended ECl levels. The TIL LINK MON pin can 
also be used to drive an lED, providing a vi~ible link 
status indicator. This pin can sink up to 10mA. 

The Minimum Signal Discriminator circuit contains a 
peak detector, a comparator, and output level shift 
circuitry (figure 16). The droop rate of the peak 
detector is: 

(7) 

Application Note 6 

The peak detector droop rate can be controlled 
adjusting either the value of C6 at the CPEAK pin or IISET 
at the ISET pin. If INOM is connected to ISET, IISET will be 
12SpA. The Ml4622 and Ml4623 make this connection 
internally so INOM and ISET are not available to the user. 
The droop rate for these products can be adjusted with 
C6' The Ml4621 has these extra pins, which allows the 
user to set IISET with an external resistor, REXT, tied 
between ISET and Vee. IISET would then be: 

Vee - 0.7 
IISET = -R-EXTc:.=.-+-1-7-00- (8) 

The output of the peak detector is a DC voltage 
proportional to half the peak-to-peak voltage between 
VOUT+ and VOUT-. If this signal is larger than the 
voltage provided by the Threshold Generator circuitry 
the TIL LINK MON and ECl LINK MON pins will both 
be low. 

The Threshold Generator level shifts the reference 
voltage at VTHADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifiers. This improves the accuracy of the Link 
Monitor over temperature. The relationship between 
VTHADJ and VTH (the minimum voltage at the input 
which will trigger the Link Monitor) is: 

Ml4621: VTHADJ = 600VTH + 0.7 (9) 

Ml4622 & Ml4623: VTHADJ = 37SVTH (10) 

MINIMUM SIGNAL DISCRIMINATOR ,-------------------------------, 

I 

I 
CPEAK 1 

+VOUT 

Vee 
-VOUT 

Vee 

ECL LINK MON C ~-----------r-------------4 
6r I I ' 

-=- 1 

'NOM I 12.8K 
~VREF 
I 

( 
\ liS!!.... 

ISET I 
CONNECTED I 
INTERNALLY I 
ON THE ML4622 I 
AND ML4623 I 1.7K 

+ =IISET 

1.7K 

-=- I L ______________________________ ~ 

VTHADJ 0-----------1 

Figure 16. 
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In these equations VTH is the peak value of the input 
signal. The operating range over which these equations 
apply is indicated by the graphs in figure 17. The on­
chip reference voltage, VREF, can be tied directly to 

10 

8 

" 6 g 
j!: 
> 4 

ML4622, ML4623 

2 

VTHADJ M 

Figure 17. 

VTHADJ to set the threshold level. This 2.5V low 
impedance source will set the threshold at its maximum 
allowable level as indicated in the graph. A lower 
threshold level can be set by dividing down VREF with a 
resistor string, as in figure lB. On the ML4622 and 

VJHADJ 

Rz 

Figure lB. 

ML4623, VTHADJ is a high impedance node so the 
equation for the resultant VTHADJ voltage is simply: 

R2 
ML4622 & ML4623: VTHADJ = VREF -- (11) 

R1 + R2 

Figure 19 shows the input circuitry at VTHADJ on the 
ML4621. This circuit has a relatively low input 
impedance of 6.BK and is offset by one diode drop. A 

~
S.1k 

VTHADJ 

1.7K 

mi l-~ 
Figure 19. 

resistor divider can still be used to drive this point but 
a different equation, which accounts for the load and 
offset, must be used: 

ML4621: 

If, for example, you were using the ML4621 and you 
wanted the Link Monitor to trigger when the received 
optical power went below lpW (-30dBm), you first 
need to calculate the resultant voltage at VJN+ and VJN~ 
If you were using the HFBR-24X6 Fiberoptic Receiver 
with a responsivity of BmV/pW, the peak-to-peak voltage 
would be: 

lpW x BmVlpW = BmVp_p (13) 

So the Link Monitor should trigger at some point 
slightly lower than 4mV peak, say 3mV. The reference 
voltage at VTHADJ should then be: 

VTHADJ = 600{.003) + 0.7 = 2.5V (14) 

This is a convenient value since the reference voltage 
supplied by the Quantizer, VREF, is 2.5V. Thus, shorting 
VREF to VTHADJ on the ML4621 will set the minimum 
input signal level at about 3mV. On the other 
Quantizers this will set the level at about 6.5mV 
(equivalent to 1.6pW input power). 

The Link Monitor has about 0.4mV (peak) hysteresis 
built-in. VTHADJ in equations 9 and 10 is the high 
threshold level (the trigger point when the input 
voltage is rising). The low threshold level (the trigger 
point when the input voltage is falling) is about OAmV 
less than the levels given in these equations. More 
hysteresis can be induced by connecting a resistor 
between TTL LINK MON and VTHADJ creating a 
positive feedback loop. 

A Sample Circuit 
The circuit in this section (figure 20) is a point-to-point 
fiberoptic interface designed to pass 20MBd data over 
1 kilometer of 62.5/125pm fiber cable. The main 
components are the ML4631 LED driver, the HFBR-1414 
LED, the HFBR-2416 Receiver, and the ML4621 
Quantizer. Choosing -30dBm for the minimum received 
optical power makes equations 13 and 14 applicable 
and allows VREF to be used to set the Link Monitor. 

Applying figure 5 to the 20MBd data rate yields an 
optimal bandwidth of about 15MHz. Using equation 6, 
the value for C4 and Cs is derived by setting fH equal 
to 15MHz and solving for C. The lower corner 
frequency, fJ., should be chosen so that, at least, any 
60Hz line noise is filtered out. Choosing O.lpF for C1 
and C2 will set the lower corner at 200Hz (equation 5). 
Cl should be at least 100 times smaller than C1 and C2 
so .001pF is a good choice. 
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Vee 

TIL 
DATA OUT 

Figure 20. 

The only external component left to calculate is e6• 
Since the baud rate is 20MBd, the time between peaks 
in the Link Monitor's peak detector is SOns. If no more 
than 0.1% droop is acceptable under the worst case 
conditions (when the input signal is the smallest), and 
the internal current source IISET is used, then ~ is 
calculated as follows: 

Smallest input signal = 3mV 

Gain through amplifiers = 75 

Smallest voltage at VOUT+ and VOUT- = 
3mV x 75 = 225mV 

Smallest acceptable droop voltage = 
0.1% x 225mV = 225!N 

225J1V 
Slowest acceptable droop rate = -- = 4.5V/JIS 

SOns 

125J1A 
Smallest ~ = --= .028jJF 

4.5V/JIS 

A 0.1J1F capacitor is a convenient acceptable value for 
this application. 

Now that the minimum received power is known, a 
flux budget can be developed for the interface, and the 
required optical power from the LED can be derived. 
Since the output power of the HFBR-1414 is specified 
out of a short length of fiber attached to the LED unit, 
no aTC term is required in the flux budget. If no in-line 
connectors are used and the remaining terms are: 

tPR = 1pW 
ao = 10dB/km 
L = 1km 
aCR = 0.2dB 
aM = 3.0dB 

solving the flux budget equation for tPT yields: 

tPT 
10 log - = aoL + aCR + aM 

tPR 

tfJT 
10 log -- = 10(1) + 0.2 + 3 = H.2dB 

1pW 

log tPT - log 1J1W = 1.32 

log tPT + 6 = 1.32 

log tPT = -4.68 

tfJT = 20.9J1W (-16.8dBm) 

(15) 

The HFBR-1414 has a minimum Peak Output Optical 
Power of 31.6J1W (-15dBm) when coupled to a 
62.5/125J1m fiber cable, and when a forward current (IF) 
of 60mA is applied. Since the optical output' power vs. 
forward current relationship of the LED is approximately 
linear, the forward current required to get the 
minimum output power, 31.6p.W, can be calculated as 
follows: 

20.9J1W 
---x 60mA = 40mA 
31.6J1W 

(16) 

The ML4631 is preconfigured to output a minimum of 
44mA (60mA typical, 80mA max) so no external 
components are required in this application. Of course, 
as mentioned earlier, an external peaking capacitor can 
be added to improve the rise and fall times. 

Now, to make sure there is no chance of saturating the 
receiver with too much power, a dynamic range 
calculation is in order. Since there are no in-line 
connectors and the cable length is fixed, the only 
dynamic range components are the thermal variations 
(a-r), the user defined system margin (aM), the LED 
output power tolerance (alED), and the LED drive circuit 
tolerance (aLOe!: 
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80 
-(-12dBm) 
602 

awe = 10 log = 2.6dB 
44 
-(-12dBm) 
60 

-9dBm 
aLED = 10 log --- = 7.0dB 

. -16dBm 

2.6dB 
- 7.0dB 
- 3.0dB 

1.0dB 

Dynamic Range: 13.6dB 

(17) 

(18) 

So the maximum input power (tf>TMAX) the HFBR-2416 
Receiver will see is: 

tf>TMAX 
10 log -- = 13.6dB (19) 

1pW 

I/JTMAX = 22.9pW 

This is well below the 150pW maximum spec for the 
HFBR-2416, and the resultant output voltage is 

22.9pW x 8mV/pW = 183.2mVp_p (20) 

This is well below the 1.4V maximum input voltage of 
the ML4621. 

The Board Layout 
It's important to use good layout techniques when 
creating the PC board for this, or any, high speed 
circuit. In addition to speed, the receiver in this circuit 
handles low level signals, making it especially sensitive 
to noise, ground loops and parasitic feedback paths. All 
Micro Linear Quantizers employ a fully differential data 
path which helps reduce the sensitivity to noise in the 
system. Because this is a high gain circuit, parasitic 
feedback from the high-level logic-compatible output 
must be kept to a minimum in order to prevent 
undesired oscillations. This is accomplished with layouts 
which physically separate the receiver inputs and 
outputs. Power supply filtering should be used to 
ensure the power busses don't provide a feedback path 
that will degrade the stability of the receiver. Also, a 
ground plane is strongly recommended to minimize the 
inductance of the supply return paths. 

The effect of the ground plane is maximized by 
locating it on the same side as the components, and 
maintaining a ground path between all adjacent pins. 
Figure 21 shows the foil pattern used on an ML4621 
demo board. Note the full ground plan and the paths 
between pins on the Ie. 

Figure 21. 

The importance of good construction and layout 
techniques cannot be over-stressed. Layout designs that 
result in excessive parasitic inductance and capacitance 
will degrade the stability and bandwidth of the receiver. 
Although the receiver is generally considered to be the 
most critical portion of the fiberoptic link electronics, 
careful attention should also be paid to the transmitter. 
Several traces in this circuit will pass large currents at 
high speeds. In order to minimize the effect of trace 
inductance, these lines should be kept as short as 
possible. 

When good layout practices are employed, a 100MBd 
fiberoptic interface can be constructed using the 
components described here. 
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1.0 Introduction 

If the four channel differential input multiplexer on the 
ML2200 is insufficient for your application, it can be 
expanded using one of three methods described in 
this document. An expanded input multiplexer will 
greatly enhance the processing power of the ML2200 
but will restrict some of its flexibility. The limitations of 
each circuit are discussed at the end of this application 
note. 

The first circuit controls up to 64 differential inputs but 
restricts the ML2200 to always run eight operations. 
The second circuit controls up to 128 single ended 
inputs and again restricts the ML2200 to always run 
eight operations. The third circuit is limited to eight 
differential inputs but is fully programmable in the 
number of operations. Each circuit is fully 
synchronized with the ML2200 and can be built with 
off-the-shelf components. 

Although this application note discusses only the 
ML2200, the ML2208 can be used as well. Only minor 
operational issues within the ML2208 are affected. 

2.0 General Theory of Operation 

An external counter (74LS163) is used to control the 
additional multiplexer devices (DG506 or DGS07). The 
counter is incremented by the SYNC pin of the 
ML2200, which must be programmed as an output. 
The SYNC pin is suitable for this purpose since it 
always signifies the start of a new operation. 

Synchronization with the ML2200 is achieved by 
utilizing the DBR pin to load input channel #1 into the 
counter. Since the DBR signal comes out after the 
sequence of operations are complete and the next 
sequence is started, it is too late to correctly 
synchronize the counter prior to the beginning of the 
next sequence. Synchronizing on the "1" count, 
however, will always reset the counter to the proper 
value if synchronization is ever lost. 

Due to the above described behavior, a "boundry" 
problem exists in the very first sequence of operations 
and the first operation of the second sequence after 
the chip is started. In order to get out of this problem, 
the RUN bit of the control register is decoded and 
duplicated in these circuits. The RESET signal is also 
brought in. These signals force the counter to 
predetermined states and relieves the "boundry" 
problem. 

September 1989 
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Expanding the ML2200 
Input Multiplexer 

3.0 A 64-Channel Differential Input Circuit 

This circuit, shown in figure 1, provides up to 64 
additional input channels. Two 74LS163 counters, US 
and U6, are used to develop the address for each 
channel. Only 6 of the 8 available counter bits are 
needed to control the channel selection. The 3 LSBs 
are used to drive the multiplexer (DGS07) address bus 
and the 3 MSBs are decoded and used to drive each 
multiplexer's enable pin. A 74LS138 (U7) is used to 
decode the MSBs, proViding control for 8 multiplexer 
chips. The 2 unused counter bits could be used to 
address additional multiplexers, providing control for 
up to 256 channels. 

A D-type flip-flop (U4A, 74LS74) is used to reset both 
counters whenever the ML2200 is reset or not in RUN 
mode. This is accomplished by presenting an active 
low signal at the synchronous clear inputs of the 
counters whenever either the RESET or HALT condition 
exists. When the ML2200 is placed in RUN mode, the 
first SYNC pulse resets the counters to zero instead of 
incrementing them. At the same time, the first SYNC 
pulse clears the resetting condition by clearing the 
flip-flop. 

The other flip-flop in this circuit, U4B, is used to trap 
the 0 to 1 transition of the DBR signal. This transition 
causes the output of U4B to go low, which sets up the 
counters for a load cycle. The next SYNC pulse (which 
should correspond to the first operation of the 
ML2200) will then load the counter with a "1", forcing 
the counters to be synchronized to the sequence. As 
before, the same pulse that performs the load 
operation also clears the load operation. 

U1 (74LS138) and U2 (74LS379) form the logic that 
decodes the RUN bit from the microprocessor bus to 
develop one of the conditions that resets the counters. 
U1 simply decodes the address of the control register 
within the ML2200 and U2 latches the status of the 
RUN bit. 

This circuit requires operations to be done in groups 
of eight and each operation within the group must 
have the same characteristics. 
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4.0 A 128-Channel Single Ended Input Circuit 

This circuit, shown in figure 2, is identical to the 
differential circuit with three exceptions; 

1. Four address bits are used to drive each multiplexer, 
since each multiplexer chip now contains 16 
channels instead of B. 

2. The decoder chip (U7) is shifted one bit up on the 
counter output. This makes room for the extra bit 
needed for multiplexer addressing. 

3. DG506 mUltiplexers are used because this is a single 
ended application. 

This circuit requires operations to be done in groups of 
eight and each operation within the group must have 
the same characteristics. 

5.0 An 8-Channel Diferrential Input Circuit 

This circuit, shown in figure 3, is very similar to the two 
previous circuits. It still uses two D-type flip-flops to 
load and reset the counters. The difference here is that 
register U7 (74LS379) is provided at address location 6 
within the B byte ML2200 address space and is used to 
store a count equal to the number of operations 
programmed by the microprocessor in the ML2200. 

Application Note 7 

Address location 6 and 7 are spare locations within the 
ML2200 address space. A 74LSB5 (UB) four bit 
comparator is used to reset the counter to zero when 
the maximum count is reached. A single DG507 
provides the eight input channels. 

This circuit is not restricted to performing operations in 
groups of eight. Each channel can be programmed and 
initiated individually. This flexibility is maintained at the 
expense of limiting the number of differential inputs to 
eight. 

6.0 Circuit Limitations 

In order to maintain synchronization with the ML2200, 
these circuits contain several inherent limitations which 
are described below: 

1. The SYNC pin is limited to use as an output. 

2. These designs allow less settling time for external 
input circuits, such as instrumentation amplifiers, 
than otherwise would be possible. 

3. The capability to do random reference selection is 
lost. 

4. The capability to do random input channel selection 
is lost. Input channels must be scanned sequentially. 
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'Micro Linear 

Harlan Ohara 

1.0 Introduction 

Micro Linear has frequently used a one pin oscillator 
design in its CMOS chips. The concept of a one pin 
oscillator may seem peculiar to some at first, but the 
design topology has been around for many years, 
dating back to vacuum tube days. This topology is 
shown in Figure 1 and is commonly known as the 
Colpitts oscillator. The only difference compared to 
previous implementations is that an MOS transistor is 
used as the active element. 

Vee 

1· 1 
c:::::J 

I -=- VBIAS 181AS 

1 -=-

Figure 1. 

There are two important advantages to using this 
particular topology versus the more common two pin 
design (which is called a Pierce oscillator): 

1. Only one pin is required, leaving the extra pin for 
maximum functionality. This is increasingly important 
as chips become more complex in function. 

2. No external components are usually required except 
for the crystal. If extremely high frequency accuracy 
is required, then an external capacitor in parallel 
with the crystal can be used to trim the frequency. 

All is not free, however, there are some disadvantages: 

1. This design is less tolerant of external parasitics to 
ground than the two pin design. This is not usually 
a problem since the designs used in Micro Linear's 
circuits have been provided with sufficient margin 
to handle typical printed circuit board parasitics. 
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One Pin Crystal Oscillators 

2. Flexibility in terms of user adjustment of design 
parameters is less in this design. Again, this is not 
seen to be a problem for two reasons: 

a) Board level designers rarely adjust the two pin 
design parameters. 

b) Enough margin is provided so that adjustment is 
not needed. 

2.0 Theory of Operation 

Exact circuit analysis of the oscillator is a complex 
procedure for several reasons: 

1. In a practical design situation, the system equations 
are a minimum of 5th order. Exact hand calculations 
are difficult at best. 

2. Final oscillation conditions are not only based on 
small signal analysis, but very dependent on large 
signal non-linear situations. 

3. The crystal model is generally a simple case in small 
signal analysis but element parameters can change 
with excitation level. 

In this section, no attempt is made to provide a 
complete exact analysis. An alternate approach is taken 
in which hand calculations can closely approximate the 
small signal solution. This approach is also much more 
heuristically satisfying in that effects of design 
parameter changes can be seen without applying a lot 
of math. This also serves to provide the user with a 
way to calculate an approximate frequency of 
oscillation if more exact frequency tolerances are 
required other than just plugging the crystal in. 

For the more technically inclined, an exact small signal 
sample design procedure is presented in Appendix A 
using the MathCAD'· program on an IBM-compatible 
Pc. This is possible due to the presence of a root 
solver capability in MathCAD. Users of HP calculators 
or numerical analysis computer programs can also 
perform this analysis. Appendix B contains an example 
procedure to estimate final oscillation amplitude while 
Appendix C goes through the procedure to calculate 
the closed loop root locus plot which is then used to 
estimate oscillator startup time. 
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2.1 Crystal Model 
The typical crystal model is shown below: 

:fT. 
Ro 

Figure 2. 

Typical values for the 12.352 megahertz crystal used in 
some of Micro linear's telecom chips are: 

Lo := 8.005814 . 10-3 henries 
Cc := 5.10 . 10-12 farad 
Co := 20.7558 . 10-15 farad 
Ra := 15 ohms 

The admittance of the crystal is: 

1 
Yxn(s):= Cc . s + 1 

Lo's+--+ Ra 
Co's 

Plot 50 points versus frequency: 

x:=1 .. 50 

Define radian frequency values: 

Wx := 12.346 . 106 • 2 . 1( + x • 120 

Plot real (resistive) part: 

300 

I'\. 
IIElYXTLij·"",n "'-" ~ 

"- --V 
o 

1.2346 • 107 1.2347 . 107 

Figure 3. 

Plot susceptance: 

0.04 

l.----~ 
1- \ 

1\ 
'-~ 

-0.04 
1.2346 • 107 1.2347' 107 

Figure 4. 
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Note that at the series resonance frequency of: 
1 

2 ~C = 1.2346608 . 107Hz 
'1(' V LO'\'-O 

the sus~eptance is zero and the resistance is: Ra = 15. 

Oscillators that operate the crystal in the series mode 
use this characteristic as part of a feedback loop in 
which the loop gain is maximum at this frequency. 
Above this frequency the susceptance is inductive. 
Oscillators such as this one-pin design (and the two-pin 
Pierce) operate the crystal in the parallel mode, "using 
it as an inductor:' 

2.2 Simplified Hand Calculation of Loop Gain: 
In this section, a simplified (but approximate) method of 
calculating the loop gain is shown. This method also 
demonstrates in a more heuristic way how loading 
affects the oscillator and how one may choose the 
crystal characteristics, especially the series resistance Ra. 
The calculation for the approximate frequency of 
oscillation is also shown. This calculation is quite 
accurate. 

Before we proceed with the calculations. two general 
principles will be presented that are used to make the 
calculations. Derivations of these principles can be 
found in reference [1]: 

1. In Figure 5, it is seen that an RLC circuit with series 
loss can be represented by a circuit with parallel loss 
(resistance). This applies when the circuit Q is high 
(>10). 

C .... ---I~~ c 

REQ. Q2r 

Q<10 

Figure 5. 

2. In Figure 6, an RLC circuit with series capacitors can 
be classified as a "parallel resonant transformer" 
circuit. Again, this is accurate only when the Q is 
high (this is easily satisfied with crystal circuits, with 
Q's in the ten to hundreds of thousands). In this 
case, the two capacitors act like a transformer with a 
turns ratio of: 

n·-~ '-C1+ C2 

Hence any resistance can be reflected by the square of 
the turns ratio. 
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[l~ 'LL-
Figure 6. 

Using principle 1) from above, we can construct a 
crystal model which has a parallel loss element: 

~rr 
Lol cc+ ~ LO 

RoLL 
Figure 7. 

n=~ 
C,+C, 

Using principle 2) from above, we can now reflect the 
loss element to the crystal terminals by the "turns 
ratio:' 

[}En = CCCe: Co 

Co 

Lo 
Cc RPXR "'" REQ )( 02 

Figure 8. 

At this point, we should develop the small signal 
equivalent of the oscillator circuit: 

+ V,N 
ClOP 

Rp ~TCP CBOT T t f f Cp !gn,v,N 

I J. ! L 

Figure 9. 

+ 

RLT Vo 

In Figure 9 the MOS transistor has now been replaced 
by its small signal equivalent circuit. In this instance, gm 
is the small signal transconductance of the transistor 
and is set by the DC bias current. RLT is the parallel 
combination of the drain to source conductance and 
the "body bias factor" (if the source is not at the same 
potential as the bulk). Derivations of these parameters 
can be found in reference [21. 

Cp is the parallel combination of all circuit reactive 
parasitics found at the oscillator pin, including the 
crystal case capacitance, Ce. CTOP and CBOT are on­
chip capacitors with sizes chosen for a particular design 
range. 

Rp is the resistance of an on-chip DC bias resistor for 
the gate of the MOS device plus any dissipative loss 
present at the oscillator pin to ground. This is any lossy 
effects due to circuit board or socket dissipation factors 
at the frequency of oscillation. 

We now connect the crystal to the oscillator circuit. 
Note that the reflection and transformer calculations 
above must be done with all circuit capacitances taken 
into account: 

LO 

cp Rp 

V,N 
+ ClOP 

1 Co . CPlUf Co . CPTOT 
wo = vLo . CTor' C101 = Co + CPlor • CPlUf = Co + CPTor + Cp 

Figure 10. 

RLT 

Let us assign some typical values to the components: 

RLT := 80 . 103 ohms gm := 1.6 . 10-3 AmpslVolt 
Cp := 10 . 10-12 farad ClOP := 16 . 10-12 farad 
Rp := 100 • 103 ohms CBOl := 16 . 10-12 farad 

We will use the crystal values defined above with the 
exception that Ce is now included in Cp, which 
represents all capacitive parasitics present at the pin. 

The total capacitance present at the pin including ClOP 
and CBOT is: 

C '- ClOP' CBOT +C 
PTOT .- C TOP + CBOT P CPTOl = 1.8 . 10-11 

The total capacitance seen across the crystal inductance 
is: 

C '- CO' CPTOl TOT .-
Co + CPTOT 

2.073 • 10-14 
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This capacitance in parallel with the crystal inductance 
just so happens to produce a resonant frequency which 
is very close to the frequency of oscillation: 

Wo = 7.762 . 107 

~ = 1.2353724 . 107 

2' Tr 

Note that this frequency is .014% higher than the 
specified 12.352 Megahertz. This is because this crystal 
was ground with a specified capacitive load of 18pF 
across its terminals. In our case, we only have about 
13pF. 

The circuit Q is now calculated: 

Q:= 1 
wO'RO'CTOT 

Q = 4.143 . 104 

The equivalent parallel resistance across the crystal 
inductance is now calculated using principle 1) above: 

Rpx := Q2 • Ro Rpx = 2.574 . 1010 

This is now reflected to the oscillator pin using prin­
ciple 2) above: 

R '- R . [ Co ]2 RpXR = 3.415 • 104 
PXR'- PX CO + CPTOT 

This is now combined with the parallel resistance 
present at the oscillator pin: 

RpTOT:= 
RpXR'Rp 
RpXR + Rp 

RplOT = 2.546 . 104 

Note that this can be reflected again through the 
"capacitive transformer" of CTOP and CBOT: 

R '-R .[ ClOP ] PTOTR .- PTOT C TOP + CBOT 

2 

RplOTR = 6.364 . 103 

We now combine this with the resistance present at 
the transistor source: 

RLT' RpTOTR 
RL:= RLT + RplOTR RL = 5.895 . 103 

This is the load resistance. This multiplied by the trans­
conductance will give us our gain up to the source of 
the transistor from the input. 

gmRL = 9.433 

Note that the input to our circuit is the voltage applied 
across the gate to source of the MOS transistor, or in 
other words, the voltage across CTOP. Using the 
"capacitive transformer principle" we can determine 
that the loop gain is: 

Application Note 8 

At. = 9.433 

This gives us our loop gain, which hopefully is more 
than 1 to allow oscillations. Note that this compares 
favorably with the exact analysis given in Appendix A of 
9.41. 

This is a good time to pause and reflect on what the 
above analysis tells us: 

1. It is seen that the oscillation frequency depends on 
the total capacitance at the oscillator pin in series 
with the crystal capacitor Co. Since Co is very small 
(typically 10's of femto-farads) external capacitance 
has a small effect on the oscillation frequency. This 
provides a means of "tweaking" the frequency to an 
exact value with a trimmer capacitor placed from the 
oscillator pin to ground. 

2. Using the "capacitive transformer" principle, it is seen 
that large values of capaitance at the oscillator pin 
reduces the loop gain since the crystal resistance is 
now reflected into a smaller value and hence the 
product gm . RL is smaller. Oscilloscope probes can 
contribute a significant amount of parasitic and should 
be used carefully when debugging this circuit. If 
frequency trimming is employed by placing a parallel 
adjustment capacitor to ground, it must be done 
carefully so that the loop gain is not made too small. 

3. Lossy components at the oscillator pin also reduces 
the product gm . RL' This is especially important at 
higher crystal frequencies, where printed circuit board 
material or socket material becomes more and more 
lossy. The value of the on-chip bias resistor varies with 
frequency from about 1MO to about 100kn (over a 1 
to 20 MHz range). Note that this is a fairly high 
impedance which is easily affected by external 
parasitics. Oscilloscope probes can be particularly 
lossy at these frequencies. 

2.3 Three More Important Criteria for 
Consideration: 

Three more important items need to be covered. These 
items mayor may not be OK even if the loop gain 
calculation is adequate (more than 1): 

1. Oscillator phase margin. 

2. Nyquist criterion. 

3. Final oscillation amplitude 

The theory for the above criteria is too lengthy to 
cover in an application note; only a brief qualitative 
explanation will be given. The reader is encouraged to 
consult references [31 [4], and [5]. The exact analysis 
given in Appendix A will cover the phase margin and 
Nyquist criterion . 
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Oscillator Phase Margin: 

Figures 11A through 11D in Appendix A show the open 
loop transfer characteristics of the oscillator. 11A shows 
the overall magnitude over a wide range of frequencies. 

The crystal characteristic is not visible since it occurs 
over a very narrow range. 11 B shows the phase 
characteristic. 

These curves show that the circuit produces a single 
pole rolloff of 6dB per decade and a final phase shift 
of 90 degress. Examining the circuit in Figure 10, we 
see that the loop transfer function starts out at 180 
degrees out of phase. This is because the output is 
developed across CSOT and the input is taken across 
C TOp. At DC, the voltage across C TOP is of opposite 
phase to that of CBOT, since the top side of CTOP has a 
DC path to ground. The single pole rolloff is primarily 
due to (but not exactly) the combination of RLT and the 
total capacitance seen at the source of the MOS 
transistor to ground. The crystal inductance combined 
with the circuit capacitances can almost provide 
another 180 degrees of phase shift. This, combined with 
the 180 degrees from the active element will proVide 
ALMOST, but not quite the 360 degrees needed for 
oscillation. This is where the single pole rolloff comes 
in. Examining 11C shows that the loop gain peaks first 
then dips. This is due to primarily a complex pole pair 
and a complex zero pair. The peak is a result of the 
crystal resonating with all circuit capacitances: 

Wp:= 1 
VLo· CTOT 

Wp = 7.7620737 . 107 

The complex zero pair comes about when the crystal 
resonates with all capacitances except for the C TOP and 
CBOT combination: 

Wz := . ~[C: . Co-] Wz = Z7656489 . 107 

V LO'I Cp+Co 

The phase shift at the complex pole pair passes 
through zero and the amplitude peaks to provide the 
oscillation point. The phase then goes past the point 
needed for oscillation and then passes through zero 
again at the complex zero location, returning to the 90 
degree point where it started. The amount that the 
phase shift passes the point necessary for oscillation is 
called the phase margin. This depends on: 

1. The proximity of the complex zero and pole pair, 
which is determined by the difference in value of 
the CTOP and CBOT combination relative to the 
external circuit capacitances. Large parasitics 
decrease the distance between the pole and zero 
pair, degrading the phase margin. 

2. The circuit .. Q;' which is a function of the refiected 
crystal resistances. Applying the reflection algorithm 
described above shows that large capacitive parasitic 
values produce a lower "reflected" crystal resistance 
and thus a lower "Q:' Additionally low values of 
parasitic loss resistances present at the oscillator pin 
will have the same effect. 

If both of the above situations exist, the phase may not 
cross the zero point at all and oscillations will not start. 
The exact analysis procedure in Appendix A gives a 
quantitative description of this situation. 

Nyquist Criterion:. 

In Figures 11C and 11D in Appendix A, note that the 
loop gain falls to below unity at the complex zero 
point. A situation can exist where perhaps, if gM is 
large, the loop gain will remain above unity, even at the 
complex zero frequency. This represents a violation of 
the Nyquist criterion for oscillation in that the Nyquist 
plot never encircles the -1,0 point. This can happen 
with crystals at the lower frequencies around 1MHz or 
so. Appendix A gives a quantitative analysis of this 
situation, and reference [5] goes in detail for the theory. 

Final Oscillation Amplitude: 

This section outlines a qualitative explanation of the 
final oscillation amplitude. For a complete analysis, refer 
to references [1] and [4]. Appendix B gives an example 
analysis using the numerical methods of the MathCAD 
software on an I BM Pc. If the user is interested at a 
higher level, please contact Micro Linear for design 
parameters. 

Given the loop gain at the frequency where the phase 
shift crosses zero, oscillations start and then increase in 
amplitude. The waveforms across CTOP and CBOT in 
Figure 10 are close to sinusoidal due to the high Q of 
the circuit. The drain current of the MOS transistor, 
however, is a square law version of the gate to source 
voltage. Thus, at large signals, the effective gM of the 
transistor is reduced by a factor which is related to only 
the first harmonic of the drain current. This is the only 
component which is fed back around the loop due to 
the high Q. For a given small signal loop gain, the 
amount of oscillation amplitude necessary to maintain 
the large signal loop gain at one will determine the 
final oscillation amplitUde. For a typical Micro Linear 
design, this usually falls within the power supplies. 
Occasionally, then the loop gain is high, the amplitude 
may exceed the power supplies but is "clamped" by 
the input static protection diodes present on the 
oscillator pin. This forward biases the substrate, but the 
input protection structure of the oscillator pin prevents 
any harmful effects from this phenomenon. 

3.0 Design Parameters 
The following section outlines some parameters 
necessary to perform the hand calculation analysis 
described above and the exact analysis in Appendix A 
for various Micro Linear chips at the time of this 
application note: 
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ML2200, ML2208, ML2230, ML2233, ML2221: 
These designs are restricted to 3-7MHz only; no 
frequency trim. Provide minimum parasitic from pin to 
ground possible. 

CTOp: 10pF 
CBOT: 12pF 
Typical gm: SOOJiAIV 
Typical RLT: 8kO 
Rp at 3M Hz: 240kO (see Appendix D) 
Rp at 7MHz: 140kO 

ML2031, ML2032: 
These designs are restricted to 3-1SMHz only; 
frequency trimming with capacitor allowed if desired. 

CTOP: 16pF 
CBOT: 16pF 
Typical gm: 1.6mAIV 
Typical RLT: 80kO 
Rp at 3MHz: 220kO (see Appendix D) 
Rp at lSMHz: 100kO 

ML2035, ML2036: 
These designs are restricted to 2-18MHz only; 
frequency trimming with capacitor allowed if desired. 

CTOp: 18pF 
CBOT: 18pF 
Typical gm: 1.6mAIV 
Typical RLT: 80kO 
Rp at 2M Hz: 290kO (see Appendix D) 
Rp at 15MHz: 100kO 

In addition, the package pin capacitance is needed 
along with any stray capacitance due to the bond wire, 
etc. These values vary from device to device, but an 
approximate value would be about 1-3pE 

4.0 Crystal Specifications 
For most situations, standard microprocessor type 
crystals will work fine in these circuits. If more precise 
frequency tolerance or unusual frequencies are desired, 
a special grind will have to be orderd from a crystal 
manufacturer. 

1. Calculate what capacitance will be seen by the 
crystal in your board, then specify this to the crystal 
manufacturer. 

2. An approximation of the series resistance tolerable 
can be made using the above analysis or the exact 
analysis in Appendix A. One fact which is rarely 
known is that crystal resistances on startup can be 
much higher than when the crystal is being excited. 
Specify both a low level maximum series resistance 
and an operating level series resistance (e.g., 10nW 
to 1JiW startup level and 1JiW to 200JiW operating 
level). An equation to calculate crystal dissipation is 
given in Appendix A. 

Application Note 8 

3. Frequency tolerances of about .005% are common, 
tighter tolerances are avai lable. 

4. Frequency stability over temperature (0-70°C) of 
about .005% are common; special order for extended 
temperature range or tighter tolerance. 

5. Frequency stability is typically dominated by the 
crystal itself. Temperature coefficients of the parasitic 
capacitances come into play and can be calculated 
using the equations described above. Variation of the 
oscillator gm and internal capacitance values versus 
temperature has a very minor role in stability 
(1-5ppm or so over 0-70°C). 

5.0 Board level Design Verification 
Some simple tests can be performed during the 
debugging process to verify that the crystal being used 
and the parasitics present are acceptable for 
manufacture: 

1. Measure the crystal parameters. A procedure to do 
this is described below. This is a procedure 
described in reference [6]. 

1. MEASURE PEAK AMPLITUDE AND FREQUENCY: ---0;-­
PEAK AMPLITUDE GIVES Ro VALUE. 

2. OPEN SWITCH, MEASURE PEAK FREQUENCY (THIS SHIFTS UP) 

flf= 81T21~CTLO CT = 100pF + Cc (CASE CAPACITANCE) 

SOLVE FOR Lo. 

3. Is = ~ , SOLVE FOR Co 
2rrv LoCo 

2. Observe crystal startup at the high temperature/low 
power supply specification of your system. Crystal 
startup is the most stringent test of the design. Often 
times the series resistance of the crystal at low levels 
is many times that at operation. Do this over a wide 
sample range of the intended crystal to be used. 
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3. Be sure that the oscillator amplitude is at least 2 
volts peak to peak at the high temperature/low 
supply case. This is to insure that the buffer that 
squares the sine wave up remains operational. If less 
than 2 volts, consider using a crystal with a lower 
series resistance or decrease parasitic capacitance on 
the oscillator pin. Do not use long lead lengths or 
traces from the oscillator pin to the crystal. 

4. Observe crystal startup times. This i~ a good 
indication of available loop gain. Crystal startup time 
is a function of the real part of the closed loop 
transfer function. Appendix C provides a sample of 
how to calculate a root locus plot versus varying 
gm's. 

5. When observing the oscillator pin, use a FET probe 
or use a standard probe in se~ies with a 1pF 
capacitor to prevent loading the pin with excessive 
parasitic. When observing frequency stability, use a 
spectrum analyzer with an antenna wire pickup to 
minimize parasitic effects. Alternately, if a buffered 
output of the oscillator is available, measure the 
frequency at this point. 
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APPENDIX A 

ONE PIN OSCILLATOR DESIGN 

This document is an exact small signal analysis of the one pin oscillator 
using the MathCAD software package. 

******define units first: 

rad == 1 -6 
rad TOL == 10 sets MathCAD tolerance 

deg == 1t'-
180 

******Define Parameters: 

-12 
Ctop == 16'10 

-12 
Chot - 16'10 

-12 
Cc - 5'10 (xtal case cap) 

-3 -15 
Ro == 15 Lo - 8.005813989'10 Co == 20.7558457'10 

1 ros 7 
****Serial Resonant Frequencyros := ------ - = 1.2346594' 10 

2,1t 

1 
****Crystal Q: Qxtal : = -------

ros'Ro 'Co 

****CAPACITOR DIVIDER: 

4 
Qxtal = 4.14'10 

Chot 
****Equivalent C of Capacitor Divider: Ceq.- Ctop'----------­

Ctop + Chot 
-12 

Ceq = 8'10 

Ctop 
****Transformer Ratio for Capacitive Divider: n.- -----------

Ctop + Chot 

n = 0.5 

****Impedance Reflection Ratio for Capacitive Divider: 

2 
zc .- n zc = 0.25 
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****Transistor Characteristics: 
-3 3 

gm := 1.6-10 Rlt := 80-10 

****Pin Characteristics: 

**External pin parasitics--this is the real and imaginary parts of any 
external parasitic at the oscillation frequency) : 

3 -12 
Rext := 100-10 Cext := 5-10 

****Total Parallel Capacitance: 

Cptot .- Cc + Cext + Ceq 

-11 
Cptot = 1.8-10 Cpt := Cptot - Ceq 

-11 
Cpt = 1-10 

****Equivalent Capacitance for Pole Pair: 
Cptot 

Cpol := Co-----­
Co + Cptot 

-14 
Cpol = 2.073-10 

****Approximate Frequency of Oscillation: 

1 
Wpol := ---- Fpol := 

~LO-CPOl 

Wpol 

2-1t 

7 
Fpol = 1.235371-10 

****Ratio of the Capacitive Divider Between Crystal and Oscillator: 

Co 
nx := ------ nx = 0.001 

Co + Cptot 

****Impedance Reflection Ratio: 

2 
zx .- nx 

-6 
zx = 1.327-10 

Wpol-Lo 
****Q with Cload: Q .-

4 
Q = 4.143-10 

Ro 

****Equivalent Parallel R for Crystal Only: 

2 
Rpx .- Q -Ro 

10 
Rpx = 2.574-10 
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****Ref1ected Value of the Crystal Resistance at the Oscillator: 

Rxta1 : = Rpx -zx 4 
Rxta1 = 3.415-10 

Total parallel resistance at the oscillator pin: 

1 1 
Gsum := + 1 

Rext Rxta1 Rsum .-
Gsum 

4 
Rsum = 2.546-10 

****Ref1ected Parallel R at Oscillator to Transistor Source: 

Rref := Rsum-zc 3 
Rref = 6.364-10 

****Tota1 Load Seen at Transistor Source: 
R1t 3 

R1 := Rref- R1 = 5.895-10 
Rref + R1t 

****Loop Gain Calculated with Reflection Method: 
Cbot 

A1 := gm-R1--- A1 = 9.433 
Ctop 

**in dB: 20-1oq(A1) = 19.493 

***************EXACT CALCULATIONS:************** 

**Po1ynomia1 Coefficients for Zeros: 

nO .- 1 

n1 .- (Co-Ro + Co-Rext + Cpt-Rext) 

n2 .- (Co'Lo + Co-Cpt-Ro'Rext) 

n3 .- (Co'Cpt'Lo-Rext) 

guess first zero location: 

-1 
ill .-

Rext' (Cpt + Co) 

s .- ill 

5 
zl = -9.9792906' 10 

5 
ill = -9.9792871- 10 
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guess complex zero pair location: 

1 
ro .-

Co-Cpt 
Lo-

Co + Cpt 

s : = ro- i 

7 
ro = 7.7656404- 10 

z2 := root[n3-s3 + n2-s2 + n1-s + no,s] 
3 7 

z2 = -1.9722866- 10 + 7.7656391- 10 i 

***** Zeros: 

5 
z1 = -9.9792906- 10 

3 7 
z2 = -1.9722866- 10 + 7.7656391- 10 i 

*****************Poles: 

**Coefficients for Poles: 

dO ,- 1 

d1 := (Co-Ro + Co-Rext + Ctop-Rlt + Ctop-Rext + Cbot-Rlt + Cpt-Rext) 

lco-LO + Co-Ctop-Ro-Rlt + Co-Ctop-Ro-Rext + Co-Ctop-Rlt-Rext ... 

d2 := + Co-Cbot-Ro-Rlt + Co-Cbot-Rlt-Rext + Co-Cpt-Ro-Rext 

+ Ctop-Cbot-Rlt-Rext + Ctop-Cpt-Rlt-Rext + Cbot-Cpt-Rlt-Rext 

. .. j 

d3 := Co-Ctop-Lo-Rlt + Co-Ctop-Lo-Rext + Co-Cbot-Lo-Rlt + Co-Cpt-Lo-Rext 

+ Co-Ctop-Cbot-Ro-Rlt-Rext + Co-Ctop-Cpt-Ro-Rlt-Rext 

+ Co-Cbot-Cpt-Ro-Rlt-Rext 

d4 := Co-Ctop-Cbot-Lo-Rlt-Rext + Co-Ctop-Cpt-Lo-Rlt-Rext ... 

+ Co-Cbot-Cpt-Lo-Rlt-Rext 
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guess first pole location: 

-1 
ffi := 

(Rext) . (Ctop + Cbot + Cpt) 

s := ffi 

5 
ffi = -2.3809524' 10 

p1 := root[d4'S4 + d3·s3 + d2·s2 + d1's + dO/s] 
5 

p1 = -2.492'10 

guess second pole location (this is dominant pole) 

-1 
ffi .- -----------

[ 
Ctop'Cpt ] 

Rlt· Cbot + 
ctop + Cpt 

s := ffi 

5 
p2 = -8.6971683' 10 

guess complex pole pair location: 

5 
ffi = -5.6423611' 10 

-1 
ffi : = ---------

7 
ffi = -7.7620652' 10 

Co' (Cpt + Ceq) 
Lo·-------

Co + Cpt + Ceq 

s := i 'ffi 

3 7 
p3 = -1.3566881' 10 - 7.7620647' 10 i 

***************Summary:*************** 
tp := 2·1t 

5 
zl = -9.9792906' 10 

zl 

tp 

5 
-1. 5882534' 10 

3 7 
z2 = -1.9722866' 10 + 7.7656391' 10 i 

z2 7 
-313.899161 + 1.235939& 10: 

tp 
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- -

5 
p1 = -2.492351'10 

5 
p2 = -8.6971683' 10 

p1 

tp 

4 
-3.9666998'10 

p2 

tp 

5 
-1.3841973' 10 

3 7 p3 7 
p3 = -1.3566881,10 - 7.7620647,10 i - = -215.9236169 - 1.23537l: 10i 

tp 

*****************System Function:************************ 

H(s) .- ------------------------------
432 

d4's + d3's + d2's + d1's + dO 

*************Plot System Function******************** 

x := 1 .. 80 

x 
1 := 

x 10 

(Ox 
50 

~ 
"-

"\ 
"\ 
~ 

'\ 

"\ 
-30 , , , 

"\ 
1 (Ox 

x 
1e+008 

tp 

Figure 11A 
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plot phase: 

Ph := [arg(H(i . (Ox) ) .1:0] 

o 

Ph 
x 

-90 
1 

~ 

(Ox 
X 

tp 

Figure llB 
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I~ 
1e+008 

plot an expanded area around the complex pole/zero pair: 

n := 0 .. 100 

range .- (I Im(z2) I - I Im(p3) I) range := range· .2 

10 .- I Im(p3) I - range 

hi .- I Im(z2) I + range 

[(hi -
n 

10] (Ox .- 10) .- + 
n 100 
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20 I ZS 
20 log [B [i ""'.]] t--

7 
__ 

S
_ S_:s;;:----"'>...,s-==---s_"""_/_--t 

-40 
7.761e+007 rox 

n 

Fiqure lle 

300 

100 

7. 767e+007 

--. 
\ 
\ 
\ 
\ 
\ 
'-

/ 
I 
I 

J 
L 

,./ 

7.761e+007 rox 7.767e+007 
n 

Fiqure 11D 

Nyquist plot: 

-10 10 

Fiqure 11E 

:= i '(Im(p3) + 10) 

tp 

7 
-1.235370S' 10 i 

Find exact frequency of phase zero crossing due to complex pole pair: 

roosc := root (Im(H(rog) ) ,rog) 

check: 
arg(H(roosc» = lS0'deg 

Exact zero phase frequency and amplitude: 

roosc 7 
-- = -1.2353722' 10 i 
tp 
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Find exact zero phase and amplitude due to complex zero pair: 

guess first: 
rog := i (Im(z2) - 100) 

rozer : = root (Im (H (rog) ) ,rog) 

check: 
arg(H(roze~) = -179.999"deg 

rozer 7 

rog 

tp 

7 
1. 2359383" 10 i 

IH(rozer) I = 0.02 

-- - 1.2359386" 10 i 
tp 

frequency 

amplitude 

Find phase margin for oscillator (maximum phase between complex pole and zero 
pair) : 

roxn .- - [( lrozerl - lrooscl)"~ + lrooscl + 100] 
105 

n - max[angle(Re(H(i "rox»,Im(H(i "roX»)] = -79.361" deg 
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APPENDIX B 

This goes through an example calculation of the reduction in small signal gm 
due to a certain amplitude across Ctop or the gate of the MOS device. The 
analysis can be carried out in a more general manner and graphs can be plotted 
out for the purpose of providing a graphical solution to ascertain the final 
oscillation amplitude given an initial set of bias conditions. The procedure 
is for example purposes only. If the reader requires more specific 
information, please contact Micro Linear directly. 

This analysis was carried out in MathCAD. 

define some numbers: 

MOS transistor threshold voltage: vt := .926 

MOS transistor k factor: 
700 -6 

~ := -'47'10 
4.2 

0) := 1 here, frequency doesn't matter, so make it 1 

vbq := 1.158 dc bias value of gate to source 

simple MOS equation for drain current 

id(vgs) := if[V9S > vt, [;.~. (vgs - vt) 2],0] 
idq : = id (vbq) 

-4 
idq .- 2.112'10 

calculate dc bias current 

vin(t,vb) := vb + a·cos(O)·t) define the gate to source excitation 

gmq := ~2' ~. id(vbq) 

gmq = 0.0018173 

small signal gm at dc bias 

Find the average bias voltage of vgs which MUST equal the de bias current: 

-8 
TOL := 10 

Given 

guess vb := vbq - .2 

-=-. r2 ' n 
id(vin(t,vb» dt idq 

2'n J 0 

newvb := Find(vb) 

newvb = 0.898 

check: 

10-70 

vbq = 1.158 compare to new bias 
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[~, J 2 '1t id (vin (t, newvb» dt] = 
2'1t 0 

This represents a shift of: 

-4 
2.112'10 

vbq - newvb = 0.26 volts in vgs bias 

for a sine wave amplitude of: 

a == .5 volts peak of vgs (note: this is NOT the output voltage!) 

This gives a steady state vgs of: 

vg(t) := vin(t,newvb) 

The first harmonic of the drain current is: 

1 J2'1t 
id1 := -, id(vg(t» 'cos(w't) dt 

1t 0 

-4 
id1 = 3.624-10 The large signal gm, or GM is now calculated: 

id1 
GM := 

a 

-4 
GM = 7.247-10 

The normalization of GM/gm is now shown: 

GM 
- = 0.399 
gmq 

This shows a reduction of the small signal gm. 

Plot gate voltage and drain current in steady state: 

x := 0 .. 255 

t := 
x 255 
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1.4 ~ / 
~ / 
~ / 

\ L 
\ II 

V9[t xJ ,newvb 
\ / 

\ / 
~ / 
~ ./ 

0.3 
o t 

x 
0.0009 

~ L 
\ / 
\ / 
\ / 
\ / 
\ / 
\ / 
\ / 
\ / 
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x 
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APPENDIX C 

Oscillator Root Locus Calculation 

This calculates the real and imaginary parts of the closed loop transfer 
function. The real part is the time constant of the initial exponential 
startup transient. 

define a range of gm values to calculate over: 

x := 40 .. 10 

gm := 10 
x 

-[:0] -6 
TOL == 10 

Calculate root locus for gm. These are the roots of the characteristic 
equation of the closed loop transfer function. See Appendix A for the 
definitions of the coefficients shown below: 

clp 
x 

.- root 

4 
d4's 

Root Locus Plot: 

-7.762e+007 

-7.766e+007 
-10000 

... ,s 

~ 
~ 

') 
/ 

~ --
20000 
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Real part of closed loop transfer function versus gm: 

20000 
vf.--

~ 
/ '" ""r--. 

-10000 
1.1e-005 gm 0.11 

x 

Note in the above plot that there is a limited range of gm's for which the 
poles of the closed loop transfer function remain in the right half plane. In 
other words, too low a gm creates too low a gain. However, too high gm values 
also violate the Nyquist Criterion. 

10-74 o~ Micro Linear 



Application Note 8 

APPENDIX D 

This shows how to calculate the real part of the on chip bias resistor Rp 
for inclusion in the loop gain calculations. This was done on MathCAD. 

This is a calculation of the Real part of a distributed RC network with one 
end shorted to ground. A parallel R part is calculated. 

ORIGIN := 1 m := 1 .. 3 

Following DC resistance values are for the ML2031, ML2035, and ML2200. The 
total capacitance is also calculated for the network. 

-15 
10 

3 
240·10 

3 
rO .- 640'10 

6 
10 

cO := rO '100' .08'--
m m 3 

Define a range of frequencies to use: 
6 

10 
f .- n'- ro := (f·2·1t) 
n 2 

4'10 

n .- 1 .. 40 

Calculate the admittance of the distributed network: 

Ji 

rO 
r .- 'ro 'cO 'rO m 

n,m n m m ZO .-
n,m i 'ro 'cO 

n m 

Extract the real part and invert to get resistance: 
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Plot the real part versus frequency: 

700000 

• 
~ 

\ 

r ,r ,r 
(n,l) (n,2) (n,3) 

+-

o 
o 

\ 
-+-~ ~ 

"-.:l No 

f 
n 

diamondS=ML22 00 , boxes=ML2035 , p1uses=ML2031 
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An Improved Method of Load Fault Detection 

High frequency supply designs pose unique problems 
in fault detection. A typical method of output fault 
detection in most standard controllers is to provide a 
cycle-by-cycle current limit (VTH1) to limit the peak 
current in the output switch. In addition, these 
controllers have a second current limit (VTH2), which is 
typi<;ally set 40% higher than the cycle by cycle limit. 
CrosSing VTH2 on the ISENSE input resets the Soft Start 
circuit and allows current in the output to decay 
before re-starting the system. 

In theory, by the time the power output stage can 
begin to turn off from having crossed VTH1, the output 
current will have exceeded VTH2 and a soft start reset 
wil be performed. This technique works well if leakage 
inductance is low and turn-off delay is high enough to 
cause enough energy to transfer to the output 
inductor, causing the current to build up in 
subsequent cycles (figure 2a). This current build up 
takes place when the output is short circuited because 
the output inductor has almost no voltage across it 
and therefore a very shallow discharge slope. If, 
however, energy transfer is low due to fast turn-off of 
the outputs (which is desirable to minimize switching 
losses) energy transfer to the output inductor will be 
minimized, resulting in the supply continually running 
at the cycle by cycle current limit to a short circuit 
with no reset occurring (figure 2b). 

SWITCH CURRENT 
_ _ _ _ DIODE CURRENT 

High frequency controllers are designed to minimize 
T PD and turn off the output MOSFET gates quickly. 
This implies that the event which triggers soft start 
reset will not persist for very long if it is detected at 
all. The short persistence of the triggering event 
requires that Q1 discharge C1 in a very short time, 
typically resulting in a partial discharge and an 
inadequate reset. A solution to this problem (figure 3) 
is implemented in all of Micro linear's PWM Ie's. Flip­
flop (F2) and comparator (A4) are added to the circuit, 
to ensure a full reset. If desired, a delay (as 
implemented in the ML4809 and ML4811) can also be 
added before restart, which lowers the system's 
effective duty cycle allowing the supply to cool down. 

v+ 

Figure 1. Typical Two Threshold Current Limit/Fault Detect 

Figure 2. Current Wa\<eforms During Output Short Circuit Slow Output Turn-Off (2a) and Fast Turn-Off (2b) 
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Figure 3. Improved Soft Start Reset with Delay - ML4809 

Integrating Fault Detection 

The "two threshold" detection technique described 
above limits the system designer's freedom to optimize 
his magnetics and minimize switching time. Since 
detecting the fault relies on building inductor current 
up on successive cycles, propagation delay cannot be 
minimized (as shown in figure 2) for this technique to 
work. Since these two parameters are important terms 
in high frequency supply efficiency, the need to 
compromise due to inadequacies in fault detection 
presents a problem. 

A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 

Rl 

Figure 4. Integrating Soft Start Reset Circuit 
with Delay (ML4811) 

Figure 4 shows the Integrating Fault Detect circuit. 
When the IUM signal (switch current) crosses the 1.1V 
threshold A1 signals the F1 to terminate the cycle and 
sets F3, which is reset at the beginning of each PWM 
cycle. The output of F3 turns on a current source to 
charge C2. When, after several cycles, C2 has charged 
to 3Y, AS turns on F2 to discharge soft start capacitor 
C1. Charge is continually bled from C2 by R1. If a 
current surge is short lived (for instance a disk drive 
start-up or a board being plugged in to a live rack) the 
control can "ride out" the surge (figure Sa) with the 
switch protected by the cycle by cycle limit. R1 and C1 
can be selected to track diode heating, or to ride out 
various system surge requirements as required. 

If the high current demanded is caused by a short 
circuit (figure Sb), the duty cycle will be short and the 
output diodes will carry the current for the majority of 
the PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 

SWITCH CURRENT AT I(LlM) PIN 

w----------------------------

-------------~----------------
RC(RES£I) VOLTAGE 

Figure Sa. Integrating Fault Detection Response 
to Load Surge 

mITT -':: --11"-,,---..;; :.: :...-~ ~ 
SWITCH CURRENT AT I(LlM) PIN 

t----------------~--------
RC(RES£I) VOIl"AGE 

Figure Sb. Response to Load Fault (Short Circuit) 

The Integrating Fault Detection circuit allows reliable 
detection of output faults independent of supply 
magnetics and propagation delays. Additiona"y, this 
method of tault detection is inherently noise immune, 
programmable, and can distinguish between load 
surges and load faults (short circuits). 
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Mehmet K. Nalbant Power Factor Enhancement Circuit 

A simple enhancement circuit for the ML4812 is 
described. The circuit which will be called the power 
factor enhancement circuit greatly improves the power 
factor while reducing the total harmonic distortion of 
the current waveform. 

The circuit details for implementing the power factor 
enhancement circuit are given below. Figure 1 shows 
the schematic diagram of the circuit. The circuit 
operates by generating a small DC current bias and 
injecting it into the ISINE (pin 6) input of the ML4812. 
This current injection has the net effect of improving 
the zero current crossover distortion. It does this by 
lifting the shoulders of the current waveform around 
the zero crossover areas. 

The circuit in the dotted lines in Figure 2, shows the 
details of the implementation. The circuit automatically 
adjusts the amount of the injected DC bias as a 
function of the line voltage. The reason behind the 
variable amount of DC current injection is that at 
lower input voltages, the amount of DC bias that is 
required is less. 

Based on experience, the amount of bias required at 
220 VAC is approximately four times higher than at 120 
VAC The proper scaling can be adjusted by choosing 
appropriate values for the various resistors used and 
the zener diode voltage. The amount of bias that is 
required is a function of the boost inductor value and 
the ramp compensation. For best performance the 
value of the inductor should be chosen as high as 
possible which in turn will necessitate a small amount 
of ramp compensation. 

One way to find the required bias currents is 
summarized below: the first step is to find the 
optimum bias at the nominal operating point, for 
example, at 120 VAC This is done by connecting a 
variable resistor to the reference output of the IC The 
initial value of the resistor is selected such that, the 
bias current equals the peak to peak ramp 
compensation voltage when the duty cycle is at its 
maximum. After the optimum value at the nominal 
operating conditions is found the input voltage is 
increased to 220 VAC and the same procedure above 
is repeated to find the optimum value of the resistor at 
the 220 VAC nominal operating conditions. The bias 
currents corresponding to the two resistor values 
above can be used to calculate the values of the 
components in the enhancement circuit. The formulas 
for calculating the various components are given below: 

0.9VIN(RMS) R6 
V C3 (VIN) = -R-1-+~R~2~+2-R-6 

VC3 - VBE - Vz - VISINE 
IISINE(VIN) = R7 

r = 
IISINE(220 VAC) 

IISINE(120 VAC) 

VC3(220 VAC) - VBE - Vz - VISINE 
r = 

V C3(120 VAC) - VBE - Vz - VISINE 

Where: 

(1 ) 

(2) 

(3) 

(4) 

IISINE(VIN) = Bias current into the ISINE input as function 
of the input voltage. 

= Base emitter voltage of Q3 (O.7V nominal). 

= Voltage at ISINE input, typically O.N. 

= Ratio of bias current at 220 VAC input to 
the bias current at 120 VAC input. 

By chosing a value for V C3(220 VAC) the value of V C3(120 VAC) 
is also found. These two values can be substituted to 
the equation above to calculate the required value for 
Vz. The value of R7 can be found by using (2). The 
values of the remaining components can be calculated 
by using (1). 

REGIFIED 
INPUT 

VOLTAGE 

Rl 

R2 

-= GND 

R6 
C3 

Vee 

Q3 

D2 
Vz 

R7 
L....JW'Ir-_ gnA~:~T 

-= GND 

Figure 1. The Enhancement Grcuit 
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r···· .. ··· .. ·································· .. ··············ycc··············1 

01 

:________~_I 
FUSE Fl lN5406 

L1--
566pH--

15A 250V 
D4 

RIA R4A RPA 
180K 180K 360K R3 

33K 
R18 R48 RP8 R7 

180K 180K 150K 

IN 
~1 rC2 C3 lpF lpF lpF 

1500V 500V 500V 

CF 

R5A RSC 
5K 51K 

R2A 
5K 

RM R28 R58 
27K 3K 3K 

GND 

Figure 2. 1 KW Enhanced Power Factor Correction Circuit 

The circuit of Figure 2, is a 1KW input, power factor 
regulator. For this circuit the values of the 
enhancement circuit components were as follows: 

Table 1. Effect of Enhancement Circuit on Power Factor 

R1 + R2 
R6 
R7 
D2, Vz 
Q3 

C3 

= 330K 
= 22K 
= 22K 
= 3.5V 
= 2N2222 or any equivalent small signal 

transistor. 
= 10pF electrolytic cap 

Table 1 shows the performance of the power factor 
regulator with and without the enhancement circuit. 

Input 
Voltage 
NAC) 

120 

220 

10-80 'Micro Linear 
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742 .998 .991 
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Vince Cardinale 
Generating Phase Controlled Sinewaves 

with the ML2036 

Introduction 

The 16-bit resolution of the Ml2036 combined with its 
Inhibit feature makes it a powerful tool for generating 
precision sinewaves. It can produce frequencies from 
DC to 50kHz in 1Hz increments with -40dB harmonic 
distortion and has the control to stop the output at 
any given time or at the next zero crossing, with no 
external components. 

Precise phase control can also be obtained with the 
addition of a few external devices. With the addition of 
phase control two or more Ml2036 sinewave 
generators can be synchronized at any angle from 0 to 
360 with better than 1 degree resolution. 

Inhibit Mode 

In order to place the Ml2036 in Inhibit mode three 
conditions must occur simultaneously. The three-level 
PDN-INH input pin must be at the Vss voltage (-5V), 
the shift register must be loaded with all zeros, and 
the LATI pin must be a logic "1" (+5V). Once these 
three conditions are met the output continues to 
operate until it reaches Vas + IVxl if the next zero 
crossing is positive going, or Vas -IVxl if the next 
zero crossing is negative going, and then holds this 
level (see figure 1). The output will stay at this voltage 
until a new frequency is loaded into the data latch, at 
which point the output will continue where it left off. 
If the output stopped at zero after approaching from 
below OV then it will start-up going positive. If it 
stopped after approaching from above OV then it will 
start-up going negative. 

SCK nn nr nn 

SID :x::xJ. 0 1 2 3 4 5 6 7 8 9 10 1112 131415: 

IATI r--

Initialization 

In order to synchronize the Ml2036 you must first 
initialize it so it will start up at a known point in the 
sinewave. By using the Inhibit mode you can stop the 
part at OV but you can't be sure from which direction 
it approached zero, or more importantly which 
direction it will start-up. If you can guarantee that it 
stopped while approaching from below OV then you 
can be sure it will start-up going positive. This can be 
done if the LATI pin is not allowed to be high when 
the output is above ground. The circuit in figure 2 and 
the following procedure demonstrate how this can be 
implemented. 

Initialization Procedure 

1) Power up 
2) Set LAT high 
3) Set INH low 
4) load MSB: 0001 0000 0000 0000 :lSB 
5) Set LAT low 
6) Wait at least 1 output cycle time 
7) load all Os 
8) Set INH high (INH must go high before LAT by at 

least a NAND gate delay) 
9) Set LAT high 
10) Wait at least 1.5 output cycle times 

Output stops at OV going high 
11) load desired frequency 
12) Set lAT low 

Output begins at OV going high 
13) Set INH low 

V PEAK IClK 
IVxl = 2s6 ; For IOUT:S 2048 

. VPEAK . (SmOUT .". ) IVxl :S 2s6 + VPEAK Sine ~ + 512 

IClK 
For lOUT > 2048 

Figure 1. Inhibit Mode 
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Synchronization 

At the completion of step 10 the part is initialized. Its 
output is stable at about OV and will start up going 
positive. If you want to synchronize the output with 
some external event you can load the shift register with 
the desired frequency (step 11) and then set LAT low 
(step 12) synchronously with the external event. If you 
want to synchronize two Ml2036 sinewave generators 
together initialize them both as described, and then set 
LAT low (step 12) on both circuits simultaneously. 

Precise phase control between two parts can be 
achieved by initializing both parts, starting one and 
then waiting a known time before starting the other. 
For example, to produce two 5kHz sinewaves with 90° 
phase sh ift you should wait SOilS between starti ng each 
circuit. Since the ML2036 uses a 3MHz reference clock 
to update the output (assuming a 12MHz clock is used 
to drive elKIN) the phase resolution will be 0.6°. This 
resolution will vary from 0.0012° for two 10Hz signals to 
6° for two 50kHz signals. 

+5V 

+5V 
55k 

45k 

-5V 

-5V 

Figure 2. 
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William Cho Designing with 108ase-T Transceivers 

Micro linear's family of 10Base-T transceivers offer 
highly integrated solutions for internal and external 
MAUs (Media Attachment Units) as well as HUB MAUs. 
These chips offer a high performance current drive 
transmitter with very low jitter and RFI noise. The 
Ml4651, Ml4652, Ml4657, and Ml4658 are 10Base-T 
transceivers that provide an AU interface for internal 
and external DTE MAUs while Ml4654 and Ml4655 
provide TIL and ECl interfaces suited for Multiport 
Repeaters. 

The following application note will cover some of the 
design issues that arise when designing either type of 
Media Attachment Units for local Area Networks based 
on 10Base-T. 

Internal (Embedded) MAUs with Shared AUI Port 

Figure 1 shows a detailed schematic for an internal 
MAU design with a shared AUI (Attachment Unit 
Interface) port. The optional port requires additional 
circuitry as defined in the IEEE 802.3 specifications for 
proper termination and protection at the serial 
interface chip (or Manchester Encoder/Decoder) and 
the 10Base-T transceiver chip connected to an AUI 
port. 

An AUI connection requires termination impedance of 
780 on the receive end of the transmission lines (DI 
and CI). As such R1 and R2 in parallel with R3 and R4 
provide the proper termination. This also applies to 
the receive output pins 4 and 5 of the transceiver chip. 
The 3570 resistors for R3 and R4 waS chosen to 
properly bias the driver circuitry (see section on AUI 
driver output). The 2kO values for R7 and R8 were 
chosen to provide the BIAS voltage for Tx+ and Tx­
inputs. This also will not load down the 780 
transmission line when the AUI port is connected and 
the transceiver chip is tri-stated. The output AUI 
drivers of the transceiver chip must be tri-stated to not 
load down the transmission lines when the AUI port is 
connected and the twisted pair port is disconnected. 
Powering down the chip will tri-state the outputs. 

The transceiver can be powered down by switching 
Vee to GND as shown or by switching the ground 
connection to open condition. A logic level MOSFET 
with an "on" resistance (RDSON) of 0.50 or less can be 
used by connecting to the ground pin of the chip to 
power down the chip. When switching the ground off 
one must also include the ground connections of the 
driver resistors of COL and Rx outputs (R3, R4, R11, 
and R12). Another method of powering down the 
transceiver is to use an external mechanical switch as 
shown. 

The isolation transformer is required for protection of 
the transceiver chip from 16V with respect to the 
system ground at the AUI interface during a fault 
condition as specified in 7.4.1.6. and 7.4.2.6 sections of 
the IEEE 802.3 standards for both the driver and the 
receiver. 

If a shared AUI port is not required, then the design 
becomes simpler. Figure 13 of the datasheet shows AC 
coupling between the serial interface and the 
transceiver. This is to block DC bias voltage of the 
serial interface chip that may not match that of the 
transceiver. Micro linear's transceivers require the 
input bias to be between 2.5V and 4.5V for CI and DI. 
If the two chips are compatible one can eliminate the 
AC coupling capacitors and bias resistors. By using a 
DC coupled interface, biasing the driver outputs is all 
that is needed for proper operation (Figure 2). 

Misted Pair Interface 

The twisted pair connection to 10Base-T requires 
additional filtering and isolation components. The 
output structure of the twisted pair drivers are of the 
current drive type. This poses several very significant 
advantages when driving the twisted pair medium. 
Because the drivers are current driven, the differential 
outputs are well matched for a balanced signal 
transmission. Balanced transmission is crucial for 
meeting tight regulations on signal shapes. Also current 
driven outputs produce lower common-mode voltages 
for a lower EMI radiation. This can be a very significant 
issue when facing FCC regulations. Another advantage 
to current mode is that output drive, can be easily 
adjusted to compensate for losses in the transformer 
or output filter. RTSET will set the level of output drive 
current by the relationship: 

RTSET = (Rl/100) • 220 

where Rl is the characteristic impedance of the 
twisted pair cable. 

The twisted pair differential output will see an effective 
resistance of 500 from the parallel combination of the 
two 2000 resistors and reflected secondary AC line 
impedance of 1000 for unshielded twisted pair. By 
driving 42mA to the 500 complex load, the differential 
signal voltage will swing ±2.5V peak around the 5V 
bias point when taking transients into consideration. 
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Tx- Tx-

Figure 2. DC Coupled Interface for DTE Card Application 

The isolation and filter components for both transmit 
and receive lines can all be integrated into one dip 
package style module. One such product can be 
obtained from Valor Electronics in San Diego. There are 
several other manufacturers who have these products 
available (refer to Figure 13 in the datasheet). 

The output chokes shown in Figure 1 will pass any 
differential signal but block common mode voltages. 
Because Micro Linear's 10Base-T transceivers have very 
low common mode output voltage, this extra filtering 
choke may not be needed. Good board layout will also 
help. 

5V 

ENABLE ."...----, 

TO " SQEN .~---~-..,. 
(PIN 4) 

270 
LINK TEST SQE TEST 

DISABLE "::::'_-'V<Ar-_...l 

l~ 470 

330 

SQE Test Link Test SQEN Pin 4 

Enable Enable 5V 

Enable Disable 3.3V 

Disable Enable OV 

Disable Disable 1.2V 

Figure 3. Mode Selection Circuit 

Application Note 13 

External MAU 

An external MAU design typically adds more LED 
outputs for status indication and adds circuitry for 
configuring the chip for SQE and Link Test options (See 
Figure 12 of datasheet). The selection of SQE and Link 
Test circuitry can be implemented in various ways. One 
such option is to use two SPDT switches to produce 
the proper voltage levels (Figure 3). The selected 
voltage to the SQEN input pin (pin #4 for ML4652 and 
ML4658) will internally configure the chip for the option 
to activate SQE test or Link test. 

AUI Driver Output 

The output structure of the driver stage connecting to 
the AUI is an open emitter type. The output is biased 
at typically 4.2V when high and 3.6V when low. That is 
a differential voltage of about ±0.6V across a 780 load 
which calculates to about Z7mA output current during 
transmission. A 3600 resistor at the output pin sets its 
current at 11.7mA when high and 10mA when low. In 
the case when the positive output is high, the current 
(10) flowing out of its drive transistor is the sum of 
Z7mA and 11.7mA (Figure 4). That means the current 
flowing out of the negative output is 10mA minus 
Z7mA. It then becomes apparent that the termination 
resistance must be low enough as to not shut off either 
of the output drive transistors but not too low as to 
saturate the transistor and dissipate excessive power. 

Figure 4. AUI Driver Circuitry 
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Packaging Information 

Section 11 

Package: J08 8-Pin Hermetic DIP ............................................ . 

Package: P08 8-Pin Molded DIP ............................................. . 

Package: S08 8-Pin SOIC .................................................... . 

Package: J14 14-Pin Hermetic DIP ........................................... . 

Package: P14 14-Pin Molded DIP ............................................ . 

Package: J16 16-Pin Hermetic DIP ........................................... . 

Package: P16 16-Pin Molded DIP ............................................ . 

Package: S16 16-Pin SOIC (Narrow) .......................................... . 

Package: S16W 16-Pin SOIC ................................................... . 

Package: J18 18-Pin Hermetic DIP ........................................... . 

Package: P18 18-Pin Molded DIP ............................................ . 

Package: S18W 18-Pin SOIC ................................................... . 

Package: J20 

Package: P20 

Package: Q20 

Package: S20W 

Package: P22 

Package: J24W 

Package: J24N 

Package: P24W 

Package: P24N 

Package: S24W 

Package: J28W 

Package: P28W 

Package: Q28 

Package: S28W 

Package: Q32 

Package: S32W 

Package: J40 

Package: P40 

Package: Q44 

20-Pin Hermetic DIP .....................................•...... 

20-Pin Molded DIP ......................................•...... 

20-Pin Molded leaded PCC ..............................•...... 

20-Pin SOIC .............................................•...... 

22-Pin Molded DIP ............................................ . 

24-Pin Hermetic DIP .....................................•...... 

24-Pin Hermetic Ceramic DIP (Narrow) .......................... . 

24-Pin Molded DIP ............................................ . 

24-Pin Molded DIP (Narrow) .................................... . 

24-Pin SOIC ................................................... . 

28-Pin Hermetic DIP ........................................... . 

28-Pin Molded DIP ............................................ . 

28-Pin Molded leaded PCC .................................... . 

28-Pin SOIC ................................................... . 

32-Pin Molded leaded PCC .................................... . 

32-Pin SOIC ................................................... . 

40-Pin Hermetic DIP ........................................... . 

40-Pin Molded Plastic DIP ...................................... . 

44-Pin Molded leaded PCC .................................... . 
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PHYSICAL DIMENSIONS inches (millimeters) 

Package: J08 
8-Pin Hermetic DIP (CERDIP) 

\ 

0.375/0.400.\ 
-(9.52/10.16) 

--------+ D5 0.275/0.295 
(6.98/7.49) _-J+ __ 1 4 

_I 1_0.055/0.065 0.29010.320 
(1.40/1.65) (7.3618.13) 

0.020/0.050 bI 
~vm-=:::11'27) ~ 

125 SEATING, I 0.008/0.012 It-n MIN PLANE .... _ 30 1130 __ .. (0.203/0.305) 

0.016/0.020 _II.... ~ -I .. (~:~!:) MIN 
(0.406/0.508) 

0.090/0.110 
(2.29/2.79) 

Package: P08 
8-Pin Molded DIP 

t~:!::~~~j -....,.---. 05 
0.240/0.260 
(6.O'l/6.60) 

+ 1 4 

I I 0.050/0.065 -I !- (1.27/1.65) 

0.200! ~ ~o~:~;.~~ i5.08) MAX ~ 
: SEATING 0.125 MIN PLANE 

(3.17) 

0.016/0.022 _11_ J .: ~, 
CJ 

\,. ~ 0.0091/0.014 1f-301t30 ~(0.229/0.356) 
(0.406/0.559) (0.127) 

- .. 0.090/0.110 
(2.28/2.79) 

'Micro Linear 11-1 



PHYSICAL DIMENSIONS ihches (millimeters) 

11-2 

.187/.198 

a 
~ 

Package: S08 
8-Pin SOIC 

M 
.0111.021 TYP../I. I II.- .018 MIN ~457l 
(.280/.533)' ..j I- (4 PLCS) 

.148/.159 
(3.76/4.04) 

.050 ± .008 
(1.27 ± 0.20) 

L 
.059/.070 r:::::::::::l 
(1.50/1.79) llr:J.QI:IJl 

r SEATlNG7 
PLANE 

.0071.010g 
(.177/.254) 

.L TI· -II- .0141.037 
.. .. (.355/.940) 

.228/.246 
(5.79/6.25) 

NOTE 1: SEATING PLANE LEAD COPLANARIIY .005 (0.127) (BOnOM Of LEADS). 

Package: J14 
14-Pin Hermetic DIP (CERDIP) 

0.750/0.785 
(19.05119.94) 

0.265/0.310 -,~: ~L : ::::::1 ___ I I .. 0.050/0.065 
(1.27/1.65) 0.290/0.320 

(7.36/8.13) 

0.020/0.050 td 
~ ro.508/1.27ln 0.200 MAX 

(5.08) 

om I mmll: SEATING 0.008/0.012 
(3.175) MIN , PLANE (0.203/0.305) 

0.016/0.022 - \I - W ___ 0.010 '-.jj.-30 /130 

(0.406/0.559)ir 0.09010.110 (~~) 
(2.286/2.794) 

'Micro Unear 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: P14 
14-Pin Molded DIP 

(18.542/19.558) I" 0.730/0.770 -I 

:€[::::::I 
__ I I" 0.050/0.065 

(1.27/1.65) 

0.020/0.050 

0.200 iF r/l.27l 
(5.iiii) MAX 

~
EATING .ml~' mvm I ~~ (3.175) 

0.016/0.022 _11_ ~I (:::) '-..f~30/130 
(0.406/0.559) 0.09010.110 MIN 

(2.286/2.794) 

Package: J16 
16-Pin Hermetic DIP (CERDIP) 

,,, 0.750/0.785 "' (19.05119.94) 

~€~ :::::: :1 
I I" 0.050/0.065 

-I (1.27011.651) 

0.020/0.050 

0.125 MIN PlANE 
(3.175) 

0.290/0.320 g 
~~~~~)f,M:A:x;-I~~~~~~~~~~~I. t .:~: 

-l~ ~ 0.OO5 M1N \. /1 ,3°/13° 
0.016/0.022 (0.127) ~ ~ 

(0.406/0.559) 0.09010.110 
(2.206/2.794) 

'Micro Linear 

0.00810.014 
(0.203/0.356) 

0.008/0.014 
(0.203/0.356) 

11-3 

III 



PHYSICAL DIMENSIONS inches (millimeters) 

11-4 

Package: P16 
16-Pin Molded DIP 

, .. 0.730/0.770 "' (18.54/19.56) 

~[:::::::I 
I I.. 0.055/0.065 
~ (1.397/1.651) 

0.020/0.050 

~ 
(0.508/1.270) 

0.125 PLANE 
(3.175) MIN . 

~: MAX ~t::SEATlNG 
~~ ~ 0.005 MIN \ /1 ,3°/13° 

0.016/0.022 (0.127) ~ ~ 
(0.406/0.559) 0.090/0.110 

(2.286/2.794) 

Package: S16 
16-Pin sOle (Narrow) 

.3841.395 -I 
~(9.75/10.04) H HI 

~ 
~ 

.011/.021 (I- 1 1 +ll.o18 MIN (A57) 
(.2801.530) ~ -.! I- (4 PLCS) 

.050 ± .005 
(1.27 ± 0.20) 

.1481.159 
(3.7614.04) 

0.008/0.014 
(0.203/0.356) 

.0071.010 rl 
(.178/f4~ 

TI -11- .0141.037 
~ .2281.246 ~ (.355/.940) 

(5.7916.25) 

NOTE 1: SEATING PLANE LEAD COPLANARnY .005 (0.1271 lBOITOM OF lEADS). 
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PHYSICAL DIMENSIONS inches (millimeters) 

Package: S16W 
16-Pin SOIC (Wide) 

.400/.414 \ \-4- (10.10/10.52)"'-

F1 
~ 

.0121.020 TYP.'/I- 1 1 ..j l- .025 MIN (4 PLCS) 
(.304/.508)· -I I-- (.635 MIN) 

.050 ± .008 
(1.27 ± 0.20) 

L...--_-----. 
.0951.106 L j 

\ 

.290/.301 __ \ 
·(7.36/7.65) 

.0071.015 
(.1771.381) r ) 

(2.41/2.70) llooooDoQj7 
t SEAflNG7 

LJj ~ 

PLANE 
t 1 11_ .0221.042 I- .398/.412 -.j I (.559/1.07) 

(10.11/10.47) 

NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOITOM OF LEADS). 

.125 (3.17) MIN 

Package: J18 
18-Pin Hermetic DIP (CERDIP) 

.020/.050 

(.510/1.27) l 
0.290/0.320 

I ~ (7.3618.13) ·1 

UI -4-- (.203/.356) 

~..., r.;-flM:AAKtWJ m~ 
L...L tr PLANE 

~JLJ l J 
~~ ~ 

"i 3'/13' 

(.406/.559) _ .005 (1.27) MIN 

.090/.110 
(2.29/2.79) 

'Micro Linear 
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PHYSICAL DIMENSIONS inches (millimeters) 

11-6 

Package: P18 
l8-Pin Molded DIP 

C.915 (23.23) MAX~ 

~[:::::::I 
-II- .050(.065 

(1.27(1.65) 

.020(.050 

(,510(1,27)] . ~ .200 (5'i) MAX * SEATING 

.125 (3.17) MIN Jh PLANE 

~JLI L L' 
(.406(.559) =-.! .005 (1.27) MIN 

.090(.011 
(2.29(2.79) 

Package: S18W 
l8-Pin sOle (Wide) 

.449/.463 -I 1- 111.40111.76) R RI 

~ 
~ 

.0121.020 II 1 1 _ 1 1 .024 MIN 
(.304/.508) 1YP. ~ ~ -I I- ~ I- 1.610 MIN) 14 PLCS) 

.050 ±.008 

0.290/0.320 

I~ 
}rE3{~ ~ UI -~..- (.203(.356) 

'-J 3°(UO 

11.27 ± 0.20) 

L 
.0951.106 L(;~;::;;:;:;;;~~J 
(2.4112.70) tlDDDDDDDDIJ 

t·290/.3011 
17.36/7.65) 

.0071.015 

1.1771.381) r ) 
r SEATING? 

PLANE 

i.J} i\, 
TI -11_ .022/.042 I- .398/.412 ~ 1.559/1.07) 

110.11 110.47) 

Nan 1: SEATING PLANE LEAD COPLANARllY .005 (0.127) (BOTTOM OF LEADS). 

'-Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 

0.200 
(5.08) 
MAX 

Package: 120 
20-Pin Hermetic DIP (CERDlP) 

0.985 

1 
..... ----(25 02)----.. ·1 

MAX 

+ 0.020/0.050 

1-'---~+' o~ JII~ 0.050/0.065 1 1-11- 0.005 MIN (3.175) (1.270/1.651) (0.127) 
MIN ___ 0.016/0.022 _ _ 0.090/0.110 

(0.406/0.559) (2.286/2.794) 

Package: P20 
20-Pin Molded DIP 

t--- 1.020/1.040 -----I 
1 ____ (25.91/26.42) ____ I 

~[::::::::I 
0.200 
(5.08) 
MAX 

~ 0.020/0.050 

~~(0'508/1'270) 
~ t SEATING 
,- -rPLANE ,--~:g:, ~II~(~:~~~;~:~~) IIJ (~:~~MIN 

MIN _I- 0.01610.022 _ I- 0.090/0.110 
(0.406/0.559) (2.28612.794) 

'Micro Linear 

0.290/0.320 

III at I 
(7.366/8.128) I 

~ 0.008/0.012 
_ (0.203/0.305) 

'0../ __ 3°/13° 

0.290/0.320 

1',(7.366/8.128) .1 

~ 0.00810.014 
(0.203/0.356) 

'-I ........ 3'/13" 

11-7 



PHYSICAL DIMENSIONS inches (millimeters) 

11-8 

Package: Q20 
20-Pin Molded Leaded pee 

..- .020 
(.508) MIN. 
SEE NOTE 1 -PIN \ 

__ 0.050 ± 0.005 
(1.27 ± 0.127) (~:~i~;~:~:;) RADIUS 

0.390 ± 0.010 
(9.906 ± 0.254) 

SQUARE 

hnr'C"l:l'!:r:~._~ _ I 
J ~MIN 0.352 ± 0.010 0.155/0.190. =;-1 (2.286) 

(8.941 ± 0.254) • (3.937/4.826) 
SQUARE 

NOTE: SEATING PlANE LEAl) COPlANARITY .005". 

Package: S20W 
20-Pin sOle (Wide) 

r---- .498/.512 _I lee (12.65113.00) 

.024 MIN (4 PLCS) 

t 
0.290/0.330 
(7.366/8.382) 

t 

t:::j1
0 :~ 

I (.610 MIN) 290/.301 

''''),'011<- I I ., 1- J;~"M\I \l, (.304/ .508) -I ~ .050 ± .008 
L (1.27 ± 0.20) .0071.015 

.095/.106 L J (.177/.381) 
(2.41/2.70) ODDDDDDDDDIl .L 

t SEAriNG "7 TI -' 1_ .022/.042 
PlANE (NOTE 1) I- .398/.412 .~ (.559/1.07) 

110.11 /10.47) 

NOTE 1: SEArING PlANE LEAD COPlANARITY .005 (0.127) (BOTIOM OF LEADS). 
NOTE 2: NOMINAL DIMENSIONS ±0.005 (0.127) UNLESS OTHERWISE SPECIFIED. 
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PHYSICAL DIMENSIONS inches (millimeters) 

Package: P22 
22-Pin Molded DIP 

I_ 1.120/1.140 -I 
(28.45128.96) 

t --II-- 0.014/0.028 
0.125 (0.36/0.71) 

(3.18) 
MIN. 

0.200 
(5.08) 
MAX 

Package: J24W 
24-Pin Hermetic DIP (CERDIP) 

(31.50/32.77) -
... ----- 1.240/1.290 ______ 11 

24 
13 -, 

0.510/0.590 
(12.95/14.99) 

~r-=-=-=-=-=--=-ri-'12 ~ 

• ~ 0.020/0.055 

I~~·-·~ 
~

SEATING t PLANE 

-t fi lii ...... 0.050/0.065 J I -I - (~:~!:) MIN 
0.125 ~ (1.270/1.651) 

(3.175) 0.01610.022 0.090/0.110 
MIN - --(0.40610.559) - (2.28612.794) 

'Micro Linear 

0.008/0.012 _ 
(0.203/0.305) 

0.008/0.014 
(0.20/0.36) 

11-9 
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PHYSICAL DIMENSIONS inches (millimeters) 

11-10 

0.200 
(5.08) 
MAX 

Package: J24N 
24-Pin Hermetic Ceramic DIP (Narrow) 

(31.50/32.77) • 1
0 1.240/1.290 1 

L~ 0.020/0.055 

I~~_'m 
t t PLANE ~

SEATING 

-t J 1

11
1 ..... 0.050/0.065 J L-I-(~:~!:) MIN 

0.125 ~ (1.270/1.651) 
(3.175) _ 0.016/0.022 0.090/0.110 

MIN --(0.406/0.559) (2.286/2.794) 

0.200 
(5.08) 
MAX 

Package: P24W . 
24-Pin Molded DIP (Wide) 

1 
1.210/1.270 

1-000------ (30.73132.26)-----•• 11 

24 
13 -l 

0.540/0.570 
(13.72/14.48) 

~~~12~ 
L 0.020/0.050 

~~tVVYYY1~~~~;; 
r -II~~ 0.050/0.065 I L -I ~ (~:~!:) MIN 

0.125 (1.270/1.651) 
(3.175) _ 0.016/0.022 _ . 0.090/0.110 
MIN (0.40610.559) (2.286/2.794) 

'Micro .. Linear 

0.00810.014 __ 
u I (0.20310.356) 

'-0.1 I-' 3°/130 



PHYSICAL DIMENSIONS inches (millimeters) 

0.200 
(5.08) 
MAX 

Package: P24N 
24-Pin Molded DIP (Narrow) 

I'" 1.210/1.270 I 
(30.73/32.26) • 

~::::::::::: Is~ 
L 0.020/0.050 

tT--SEATING 

0.290/0.320 

I 
(7.366/7.874) I 

II Jr-

--~~~~..,~ 
I..!~PLANE , -IIII_~ I L_I_(~:~!~)MIN ~ 

0.008/0.014 
(0.203/0.356) 

'-I ~3°113° 
0.125 (1.270/1.651) 

(3.175) ___ 0.01610.022 _ 0.09010.110 
MIN (0.40610.559) (2.28612.794) 

Package: S24W 
24-Pin sOle 

r- .600/.614 -, 

IR R R (15.24/15.60) A R R I 

~ 
~ --11- .0121.020 --l L .025 MIN 

(.305/.508) (.635 MIN) 
(4 PLCS.) 

L 
,fi1u iu u[Qu~uiuiu ~u u~umuilul 

.095/.106 j L .050 ± .ODS 
(2.41/2.70) (1.27 ± 0.20) 

SEATING 
PLANE 

.290/.301 
(7.36/7.65) 

.0071.015 r----1 
(.177/.~~ 

\ I J I 0.015/0.050 --I 0.406 ± 0.010 t (0.38/1.25) 

(10.31 ± 0.254) 

NOfE 1: SEATING PlANE LEAD COPlANARnY .005 (0.127) (1IOIlOM Of LEADS). 
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PHYSICAL DIMENSIONS inches (millimeters) 

0.200 MAX 
(5.08) 

Package: J28W 
28·Pin Hermetic DIP (CERDIP) 

1------- (36.58/37.72)-------~ 1.440/1.485 _I 

18 

0.510/0.590 
112.95/14.99) 

~~~14~ 

L 0.020/0.050 

~I'"~""' L-= tt: SEATING 

~ ~jtl- 0.055/0.065 j L !J __ (~:;!l;N~IN 
~. g~ MIN 11.397/1.651) 0.090/0.110 
I. ) 0.016/0.020 (2.286/2.794) 

10.406/0.508) 

0.200 MAX 
15.08) 

Package: P28W 
28·Pio Molded DIP 

1
1-0->-------- 1.410/1.470 -------\ 

(35.81137.34) -I 
28 15 I 

0.540/0.570 
113.72/14.48) 

14 ~ 
L 0.020/0.050 

~~I"~""' p-SEATING 

r- U I I 1 :l:I:
E 

... N 

I jt-0.050/0.065 I L ---- - (0.254) "', 
0.125 MIN 11.27/1.651) 0 090/0110 

13.175) 0.016/0.022 - (2:28612:794) 
10.406/0.559) 

11-12 'Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: Q28 
28-Pin Molded leaded pee 

~ 1

_ 0.050 ± 0.005 
(1.270 ± 0.127) 

0.010 

(0.254) 0.035 RAD 

L /iD.iiii9i' 

t OPIN1' -I 
0.450 ± 0.010 

(11.43 ± 0.254) 
SQ. 

t Ii t .013 (.3301 0.390/0.430 

-~ 
Lg t= '" 

(9.906/10.92) 
BCOF 

BEND RADII 

0.490 ± 0.012 
(12.45 ± 0.305) 

SQ. 

__ I I -- 0.15510.190 
(3.937/4.826) 

__ 0.090 

(2.286) MIN 

NarE: SEATING PLANE LEAD COPLANARITY 0.005. 

--II-- .0121.020 
1.305/.508) 
TYP. 

15 

14 

Package: S28W 
28-Pin sOle 

--l L .024 MIN 
1.609 MIN) 
14 PLCS.) 

-- i~52~8)MIN 

0.294 ± 0.010 

.007/.015 =1 (.177/.381)1~ 

t 

L 
h[;;n;;;:;n;;;:;n;;;;n;;;;n;;;n;;;:n;;;:n;;;:n;;;:n;;;n:;;n:;;n:;:)d 

.095~ J L .050 ± .005 
i2~4112.70) (1.27 ± 0.20) 

SEATING 
PLANE 

Lob( ~ 

rl,,,,,~,~:f 
.398/.412 

(10.11/10.47) 

NOTE 1 SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS). 

'Micro Linear 

.022/.042 
(.559/1.07) 

11-13 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: Q32 
32-Pin Molded Leaded pee 

j r .050 ± .005 
(1.27 ± .127) 

PIN 1 

-j 
j .013 (.330) 
to.21 .533 

~'453 (11.51) 
.447 11.35 

::~ (:i~~) 

-1j .121/.142 
--- (3.07/3.61) 

-- :~~ (i::) 
__ .015" MIN 

(.381) 

0.092 
(2.34) 

t 

tiHHHHHHiJ 
1-.430 (10.92)..i 

.390 9.91 

Package: S32W 
32-Pin sOle 

~ 0.008±0.012--J 
IR R R R R J(20.52±0.3O) R R R R R I 

32 171 
0.394'" 0.000 

~:;:::;;:::;;:::;:;:::;;:::;;:::;;;:::;:;::;:;:;;;:::;:;::;:;:;;;::;;:1~6~~0'20) 
PIN #1 

-.II.- 0.017 ± 0.003 
, (0.43 ± 0.07) 

t ~r-50 

~ 1.-0.50 
(1.27) 

&onnAnnAAPAhAbAHtl t r- ---'- -- -- - - t 
0.098 ± 0,000 0.007 ± 0.005 

(2.49 ± 0.20) (0.18 ± 0.13) 

0.428 ... 0,007 

(10,87 ±O.18) 

I 'i 
1--°.506 + 0,017 --I 

(12.85 ± 0,43) 

NOfE 1: SEATING PlANE LEAD COPlANARITY .005 (0.127) (BOnOM OF LEADS). 

11-14 
"Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: 140 
40-Pin Hermetic DIP (CERDIP) 

2.040/2.096 
1------------51.82153.24----------->1 

40 
21 -, 

0.510/0.590 

~;-rT'-rT'-~~-r~~~-rrT~rr~-r~~~-rrT-rrT,2=0~ (12'951~~) 

• 0010/0050 

~:t~+ ~~ I ~I (t O;O;;;G 0008/0012_ =¥ I¥I ¥ ¥ ¥ ¥ ¥ ¥ ¥ 1r ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ml 0203/0.305 

-t 11_0050/0065 J I J I - -~~~~MIN '0.../ .... 3°/13° 
0.125 1270/1.651 
3.175 ___ 0 016/0.022 _ 0.090/0.110 _ 0090/0110 

MIN. 0.406/0 559 2.286/2 794 (2 286/2 794) 

Package: P40 
40-Pin Molded Plastic DIP 

2.071/2.039 

It--< -- -------+1>1 (52.60/51.79) 

40 211 
0.570!o.54O 

~~LT~;LrLTC~LT~~rc~~=rLT~;LrLTC~LT~,~=r--""'l··m 
--I I-- 0.065/0.050 

(1.65/1.27) 

'Micro Linear 

0014/0008 
(036/020) 

11-15 



PHYSICAL DIMENSIONS inches (millimeters) 

11-16 

0.50 

(1.27) 
TYP. 

Package: Q44 
44-Pin Molded leaded PCC 

l 
0.654 ± 0.010 ---
(16.61 ±0.25) 

U 
0.690 ± 0.015 

(17.53 ±0.38) 
SQ. 

NOTE: 
1. SEATING PlANE LEAD COPlANARITY ±.005 

'-Micro Linear 

~ .013 (.3301 
to.21.533 

0.600/0.630 
(15.24/16.00) 
BCOF BEND 

T 

G520 GE/HP/CP 30K 1290 Printed in U.s.A. 




