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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 IC’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 A/D
and D/A converters and switched capacitor filters. The A/D’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, reliable, 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) 2. A critical component is any component of a life support device
are intended for surgical implant into the body, or (b) support or or system whose failure to peiform can be reasonably expected
sustain life, and whose failure to perform, when properly used in to cause the failure of the life support device or system, or to
accordance with instructions for use provided in the labeling, affect its safety or effectiveness.
can be reasonably expected to result in a significant injury to
the user.

mMicr (o] Linear is a registered trademark of Micro Linear Corporation

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 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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- o, - | General
Lgl.Micro Linear Ordering Information

Part Number and Package Type Explanation

PART NUMBER
ML XXXX X X X
T T T T
‘l- Package Type
Temperature Range
M= -55°Cto +125°C
I=-40°Cto +85°C
C=0°Cto +70°C
Number of letter indicates electrical grade of part
Three or four digit generic or product part number
Micro Linear Prefix or for second source device is the same as original source
PACKAGE TYPE
Letter Suffix Description

D Side Brazed Hermetic DIP

F Flat Pack

J Ceramic Hermetic DIP (CERDIP)

L Ceramic Leadless Chip Carrier (LCC)

P Plastic DIP

Q Plastic Chip Carrier (PCC)

S Small Outline (SOIC)
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Cross Reference Guide

Alternate Source Part Number

Analog Devices

National Semiconductor

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.

Analog Devices Micro Linear NSC Micro Linear
Part Number Direct Renlacement! Part Number Direct Replacement!
AD7820BQ ML2261Cl) ADC0808C) ADC0808C)
AD7820CQ ML2267BIJ ML2258BM)
AD7820KN ML2261CCP ADC0808CC] ADC0808CC)
AD7820KP ML2261CCQ ML2258BIJ
AD7820LN ML2261BCP ADCO808CCV ADC0808CCV
AD7820LP ML2261BCQ ML2258BIQ
AD7820TQ ML2261CM] ADCO809CCN ADCO808CCN
AD7820UQ ML2261BM) ML2258CIP
AD7824BQ ML2264C1) ADC0809CCV ADC0809CCY
AD7824CQ ML2264BI) ML2258CIQ
AD7824KN ML2264CCP ADC0820BC] ML2261Bl)
AD7824LN ML2264BCP ADC0820BCN ML2261BCP
AD7824TQ ML2264CM) ADCO820BCV ML2261BCQ
AD7824UQ ML2264BM] ADC0820CC) ML2261Cl)
ADC0820CCN ML2261CCP
Exar ADC0820CCV ML2261CCQ
— ADC0820C) ML2261CM]
Exar Micro Linear ADC0831BC) ADCO0831BC)
Part Number Direct Replacement! ML2281BI)
XR117R-2CP ML117R-2CP ADCO831BCN ADCO831BCN
XRT17R-4CP MLT17R-4CP ML2281BCP
XR117R-4MD MLT17R-4CS ADCO831CC) ADC0831CC)
XRT17R-6C) MLT17R-6CQ ML2281Cl)
XR117R-6CP MLT17R-6CP ADCO831CCN ADCO831CCN
XRT17R-6MD MLTI7R-6CS ML2281CCP
XR117-2CN ML117-2C) ADCO0832BC) ADCO0832BC)
XR117-2CP ML117-2CP ML2282Bl)
XR117-2MD MLT17-2CS ADC0832BCN ADC0832BCN
XRT17-4CN ML117-4C) ML2282BCP
XR117-4CP ML117-4CP ADC0832CCJ ADC0832CC)
XR17-4MD ML117.4CS ML2282Cl)
XR117-6C) MLT17-6CQ ADC0832CCN ADC0832CCN
XR117-6CN ML117.6C) ML2282CCP
XRU7-60P MLT17-6CP ADC0833BC) ADC0833BC]
XRT17-6MD MLT176CS ML2283Bl)
ADC0833BCN ADC0833BCN
. ML2283BCP
Linear Technology ADC0833CC ADC0833CC]
LTC Micro Linear ML2283Cl)
Part Number Direct Replacement’ ADCO833CCN ADC0833CCN
ML2283CCP
LTC1060AC) ML2110BIj2
LTC1060ACN ML2110BCP2 ADCOB34BC] :4?520:43;?0
LTCT060AM) ML2110BMj2 ADC0834BCN ADC0834BCN
LTC1060C) ML2110CIJ2 ML2284BCP
LTC1060CN ML2110CCP2
LTC1060M) ML2110CM)2

1-2

@ Micro Linear



Cross Reference Guide

National Semiconductor (Continued)

Silicon Systems, Inc.

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.

NSC Micro Linear SSI Micro Linear
Part Number Direct Replacement! Part Number Direct Replacement’
ADC0834C(C] ADC0834C(C) SSI 32P541-CH ML541CQ
ML2284Cl) SSI 32P541-P ML541CP
ADCO0834CCN ADCO0834CCN SSI 32P541A-CH ML4042CQ
ML2284CCP SSI 32P541A-P ML4042CP
ADC0838BCJ ADC0838BC] SSI 32P541B-CH ML4042CQ
ML2288BlI) SSI 32P541B-P ML4042CP
ADCO0838BCN ADCO0838BCN SSI 32R117R-2P ML117R-2CP
ML2288BCP SSI 32R117R-4F ML117R-4CF
ADC0838BCV ADC0838BCV SSI 32R117R-4P ML117R-4CP
ML2288BCQ SSI 32R117R-6F ML117R-6CF
ADC0838CC(C] ADC0838C(CJ SSI 32R117R-6H ML117R-6CQ
ML2288Cl) SSI 32R117R-6P ML117R-6CP
ADC0838CCN ADCO0838CCN SSI 32R117-2P ML117-2CP
ML2288CCP SSI 32R117-4F ML117-4CF
ADC0838CCV ADCO0838CCV SSI 32R117-4P ML117-4CP
ML2288CCQ SSI 32R117-6F ML117-6CF
ADC1061ClJ ML2271Cl) SSI 32R117-6H ML117-6CQ
ADC1061CIN ML2271CCP3 SSI 32R117-6P ML117-6CP
ADC1061CIWM ML2271CCS3 SSI 32R501R-6H ML501R-6CQ
ADC1061CM] ML2271CM) SSI 32R501R-8F ML501R-8CF
DP5016QC ML501-6CQ SSI 32R501R-8H ML501R-8CQ
DP5016RQC ML501R-6CQ SSI 32R501R-8P ML501R-8CP
DP5018QC ML501-8CQ SSI 32R501-6H ML501-6CQ
DP5018RQC ML501R-8CQ SSI 32R501-8F ML501-8CF
HA5016QC ML501-6CQ SSI 32R501-8H ML501-8CQ
MA5016RQC ML501R-6CQ SSI 32R501-8P ML501-8CP
HA5018QC ML501-8CQ SSI 32R511R-4S ML511R-4CS
MAS5018RQC ML501R-8CQ SSI 32R511R-6H ML5T1R-6CQ
DP8464BN-3 ML8464B-3CP2 SSI 32R511R-6P ML511R-6CP
DP8464BV-3 ML8464B-3CQ2 SSI 32R511R-6S ML511R-6CS
DP8464BN-2 ML8464B-2CP2 SSI 32R511R-8H ML511R-8CQ
DP8464BV-2 ML8464B-2CQ2 SSI 32R511R-8P ML511R-8CP
DP8464BN-2 ML8464B-2CP2 SSI 32R511R-8S ML511R-8CS
DP8464BN-3 ML8464B-3CP2 SSI 32R511-4S ML511-4CS
DP8464BV-2 ML8464B-2CQ2 SSI 32R511-6H ML511-6CQ
DP8464BV-3 ML8464B-3CQ2 SSI 32R511-6P ML511-6CP
DP8468BTP-3 ML4568-3CQ2 SSI 32R511-6S ML511-6CS
DP8468BTP-2 ML4568-2CQ2 SSI 32R511-8H ML511-8CQ
LMF100CCN ML2111CCP SSI 32R511-8P ML511-8CP
LMF100CCWM ML2111CCS SSI 32R511-8S ML511-8CS
MF10A) ML2110CM)2
MF10ACN ML2110BCP2
MF10CC) ML2110CIj2
MF10CCWM ML2110CCS2
MF10CCN ML2110CCP2

M. Micro Linear
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Cross Reference Guide

Texas Instruments VTC
NSC Micro Linear VIC Micro Linear
Part Number Direct Replacement’ Part Number Direct Replacement!
ADC0808M) ML2258BM) y .
ADCO808FN ML2258BCQ xngg? mm;ggf,
ADCO0808N ML2258BIP VMT174FK MLI17-4CF
ADCO809FN ML2258CCQ
ADCO809N ML2258CIP VM117-4PK MLT17-4CP
TLC0820ACN ML2261CCP VMT117-4DK ML117-4C)
TLCO0820ACFN ML2261CCQO VM117-6PK ML17-6CP
TLC0820BCN ML2261BCP VM117-6DK ML117-6C)
TLC0820BCFN ML2261BCQ VMT17-6PK MLT117-6CP
ADCO831ACP ML2281CCP VM17-6PLK ML117-6CQ
ADCO831AIP ML2281CI)3 VM117R-2DK MLT17R-2C)
ADCO0831BCP ML2281BCP VM117R-2PK MLT17R-2CP
Ayl ML2281B1)* VMT17R-4FK MLT17R-4CF
ADC0832ACP ML2282CCP VMT17R-4PK ML117R-4CP
ADCO0832AIP ML2282CI)?
ADC0832BCP ML2282BCP VMT17R-4DK MLT17R-4C)
ADCO0832BIP ML2282B1J? VMT117R-6DK MLT17R-6C]
ADCO0834AIN ML2284CI)3 VM117-6PLK ML117R-6CQ
ADCO0834BCN ML2284BCP VM217-6PK ML501-6CP
ADCO0834BIN ML2284BI)3 VM217-6PLK ML501-6CQ
ADCO0838ACN ML2288CCP VM217-8PK ML501-8CP
ADCO0838AIN ML2288Clj3 VM217-8PLK ML501-8CQ
ADC0838CCN ML2288BCP
ADCO0838BIN ML2288BIJ3

Unitrode
Unitrode Micro Linear
Part Number Direct Replacement!
uC1823) ML4823M)
UC1825) ML4825M)
UC2823N ML4823IP
UC2823Q ML48231Q
UC2825N ML48251P
UC2825Q ML4825IQ
UC3823N ML4823IP
UC3823Q ML4823CQ
UC3825N ML4825IP
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 +85°C product as molded; Micro Linear does this on a customer need basis.
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@ Micro Linear A/D Converters

Selection Guide

Non Conversion Power Temperature
Part Resolution | Linearity Dynamic Performance Time Supplies Range'
Number (Bits) (Max LSB) Signal to Noise Ratio (us) V) 1 M Package Comments
ADC0808 8 +1/2 6.6 5 (£10%) X X X |28-Pin DIP |uP Comp,
28-Pin PCC  |8-CH
ADC0809 8 *1 6.6 5(%10%) | X X X |28-Pin DIP,  |uP Comp,
28-Pin PCC  |8-CH
ADC0831B 8 +1/2 6.0 5(+10%) | X X X |8-Pin DIP Serial 1/0,
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(E10%) | X X X |[8-Pin DIP Serial /O,
2-CH
ADC0832C 8 *1 6.0 5(+10%) | X X X |8-Pin DIP Serial 1/0,
2-CH
ADC0833B 8 £1/2 6.0 5(x10%) | X X X | 14-Pin DIP Serial 1/0,
4-CH
ADC0833C 8 +1 6.0 5(x10%) | 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 I/O,
4-CH
ADC0834C 8 +1 6.0 5(x10%) | X X X |14-Pin DIP  |Serial I/O,
4-CH
ADC0838B 8 +1/2 6.0 5(%10%) | X X X |20-Pin DIP, |Serial 1/0,
20-Pin PCC  |8-CH
ADC0838C 8 *1 6.0 5(x10%) | X X X |20-Pin DIP  |Serial I/O,
. 20-Pin PCC  |8-CH
ML2200B 12 + Sign +3/4 12kHz, 2.5V SINE, 315 15 (£5%) | X 40-Pin DIP | 4-CH Data Acq
S/N 72dB Peripheral
ML2200C 12 + Sign +1 12kHz, £2.5V SINE, 315 £5 (£5%) | X 40-Pin DIP | 4-CH Data Acq
S/N 72dB Peripheral
ML2200D 12 + Sign +1 8.5kHz, 2.5V SINE, 44 +5 (£5%) | X 40-Pin DIP | 4-CH Data Acq
S/N 72dB Peripheral
ML2208B 12 + Sign +3/4 12kHz, £2.5V SINE, 315 15 (£5%) | X 40-Pin DIP | 8-CH Data Acq
S/N 72dB Peripheral
ML2208C 12 + Sign *1 12kHz, £2.5V SINE, 315 15 (#5%) | X 40-Pin DIP | 8-CH Data Acq
S/N 72dB Peripheral
ML2208D 12 + Sign *1 8.5kHz, 2.5V SINE, 44 15 (£5%) | X 40-Pin DIP | 8-CH Data Acq
S/N 72dB Peripheral
ML2221B* | 12 + Sign +3/4 8.5kHz, +5.0V SINE, 44 15 (£5%) | X X 16-Pin DIP, | Serial, S.Pl.
S/N 72dB 20-Pin PCC
ML2221C* | 12 + Sign +1 8.5kHz, +5.0V SINE, 44 15 (£5%) | X X 16-Pin DIP, | Serial, S.PI.
SIN 72dB 20-Pin PCC
ML2222B* | 12 + Sign +3/4 12kHz, £2.5V SINE, 35 £5 (£5%) | X X 16-Pin DIP, | Serial, CODEC
S/N 72dB 20-Pin PCC
ML2222C* | 12 + Sign +1 12kHz, £2.5V SINE, 35 +5 (£5%) | X X 16-Pin DIP, | Serial, CODEC
S/N 72dB 20-Pin PCC

*  Future Products
Note 1. Temperature Range:
C =0°C to +70°C, | = -40°C to +85°C, M = -55°C to +125°C
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A/D Converters

Non Conversion Power Temperature
Part Resolution | Linearity Dynamic Performance Time Supplies Range'
Number (Bits) (Max LSB) Signal to Noise Ratio (us) V) C 1 M Package Comments
ML2223B* | 12 + Sign 13/4 8.5kHz, 5.0V SINE, 44 15 (£5%) X 16-Pin DIP, Serial, ASYNC
S/N 72dB 20-Pin PCC
ML2223C* | 12 + Sign +1 8.5kHz, £5.0V SINE, 44 15 (£5%) X 16-Pin DIP, Serial, ASYNC
S/N 72dB 20-Pin PCC
ML2230B 12 + Sign +3/4 12kHz, £2.5V SINE, 315 15 (£5%) 24-Pin DI |uP Comp,
S/N 72dB 8-Bit Bus
ML2230C | 12 + Sign +1 12kHz, £2.5V SINE, 315 +5 (£5%) 24-Pin DIP | uP Comp,
S/N 72dB 8-Bit Bus
ML2230D | 12 + Sign +1 8.5kHz, £2.5V SINE, 4 45 (+5%) 24-Pin DIP | uP Comp,
S/N 72dB 8-Bit Bus
ML2233B 12 + Sign +3/4 12kHz, £2.5V SINE, 315 +5 (£5%) 28-Pin DIF, | uP Comp,
S/IN 72dB 16-Bit Bus
ML2233C | 12 + Sign +1 12kHz, £2.5V SINE, 315 +5 (+5%) 28-Pin DI | P Comp,
S/N 72dB 16-Bit Bus
MIL2233D | 12 + Sign +1 8.5kHz, £2.5V SINE, 4 +5 (+5%) 28-Pin DIP [P Comp,
S/N 72dB 16-Bit Bus
ML2252B 8 +1/2 51kHz, 5V SINE, 6.6 5 (+10%) X 20-Pin DI, {uP Comp,
SIN 47dB 20-Pin PCC_|2-CH
ML2252C 8 +1 51kHz, 5V SINE, 6.6 5 (£10%) X 20-Pin DIP,  |uP Comp,
S/N 47dB 20-Pin PCC  |2-CH
ML2258B 8 +112 51kHz, 5V SINE, 6.6 5 (+10%) X 20-Pin DIP | P Comp,
S/N 47dB 20-Pin PCC {8-CH
ML2258C 8 +1 51kHz, 5V SINE, 6.6 5 (£10%) X 20-Pin DI,  {uP Comp,
S/N 47dB 20-Pin PCC | 8-CH
ML2259B 8 +1/2 51kHz, 5V SINE, 6.6 5 (£10%) X 28-Pin DIP, | uP Comp,
S/IN 47dB 28-Pin PCC |8-CH
ML2259C 8 +1 51kHz, 5V SINE, 6.6 5 (£10%) X 28-Pin DIP, | uP Comp,
S/N 47dB 28-Pin PCC [8-CH
ML2261B 8 +1/2 250kHz, 5V SINE, 67 5 (£5%) X 20-Pin DIP, {uP Comp,
. S/N 48dB 20-Pin PCC  |RD/WR
ML2261C 8 +1 250kHz, 5V SINE, 67 5 (£5%) X 20-Pin DI, | uP Comp,
S/N 48dB 20-Pin PCC  |RD/WR
ML2264B 8 +1/2 250kHz, 5V SINE, .68 5 (£5%) X 24-Pin DIP, | uP Comp, RD/WR,
S/N 48dB 24-Pin SOIC | 4-CH Mux
ML2264C 8 +1 250kHz, 5V SINE, 68 5 (+5%) X 24-Pin DI, | uP Comp, RD/WR,
S/N 48dB 24-Pin SOIC |4-CH Mux
ML2271B* 10 +1/2 150kHz, 5V SINE, 15 5 (£5%) X 20-Pin DIP, | uP Comp,
S/N 60dB 20-Pin SOIC |RD/WR
ML2271C* 10 +1 150kHz, 5V SINE, 15 5 (£5%) X 20-Pin DIP, | uP Comp,
S/N 60dB 20-Pin SOIC |RD/WR
ML2280B 8 +1/2 51kHz, 5V SINE, 6.6 5 (£10%) X 8-Pin DIP Serial 1/0,
S/N 47dB Single CH
ML2280C 8 +1 51kHz, 5V SINE, 6.6 5 (£10%) X 8-Pin DIP Serial 1/0,
S/N 47dB Single CH
ML2281B 8 +1/2 51kHz, 5V SINE, 6.6 5 (£10%) X 8-Pin DIP Serial 1/0,
S/N 47dB Single CH
ML2281C 8 +1 51kHz, 5V SINE, 66 5 (£10%) X 8-Pin DIP  |Serial 1/0,
S/N 47dB Single CH
ML22828 8 +i/2 47.5kHz, 5V SINE, 6.6 5 (£10%) X 8-Pin DIP Serial 1/0,
S/IN 47dB 2-CH
ML2282C 8 +1 475kHz, 5V SINE, 6.6 5 (£10%) X X 8-Pin DIP Serial 1/0,
S/IN 47dB 2-CH

*  Future Products
Note 1. Temperature Range:

C = 0°C to +70°C, I = -40°C to +85°C, M = -55°C to +125°C
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A/D Converters

Non Conversion Power Temperature
Part Resolution | Linearity Dynamic Performance Time Supplies Range!
Number (Bits) (Max LSB) Signal to Noise Ratio (us) \J] C 1 M Package Comments

ML2283B 8 +1/2 36.5kHz, 5V SINE, 6.6 5 (£10%) X X X [14-Pin DIP  |Serial I/O,
SIN 47dB 4-CH

ML2283C 8 +1 36.5kHz, 5V SINE, 6.6 5 (£10%) X X X [14-Pin DIP  |Serial I/O,
S/N 47dB 4-CH

ML2284B 8 +1/2 39kHz, 5V SINE, 6.6 5 (£10%) X X X |14-Pin DIP  |Serial 1/0,
S/IN 47dB 4-CH

ML2284C 8 +1 39kHz, 5V SINE, 6.6 5 (£10%) X X X |14-Pin DIP  |Serial /0O,
SIN 47dB 4-CH

ML2288B 8 +1/2 36.5kHz, 5V SINE, 6.6 5 (£10%) X X X |20-Pin DIP, |Serial I/O,
S/N 47dB 20-Pin PCC  |8-CH

ML2288C 8 +1 36.5kHz, 5V SINE, 6.6 5 (£10%) X X X |20-Pin DIP, |Serial 1/0O,
S/N 47dB 20-Pin PCC  |8-CH

*  Future Products
Note 1. Temperature Range:
C =0°C to +70°C, | = -40°C to +85°C, M = -55°C to +125°C
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8L Micro Linear

D/A Converters

Selection Guide

Non Settling Power Output
Part Resolution | Linearity Time Supplies Reference Voltage
Number (Rits) (Mayx ISR) | (us Max) \Y] W W Package Comimeiiis
ML2340B 8 1% 5 Single 5 or 12, |2.25 or 4.50 | Rail-to-rail, 18-pin DIP | Flow through,
(11-bits with dual £5 bipolar, 18-pin SOIC |or single
gain ranging) unipolar buffered data
ML2340C 8 +% 5 Single 5 or 12, |2.25 or 450 | Rail-to-rail, 18-pin DIP | Flow through,
(11-bits with dual £5 bipolar, 18-pin SOIC |or single
gain ranging) unipolar buffered data
ML2341B 8 +% 5 Single 5 or 12, |2.25 or 4.50 | Rail-to-rail, 20-pin DIP | Double or single
(11-bits with dual £5 bipolar, 20-pin PCC | buffered data
gain ranging) unipolar
ML2341C 8 % 5 Single 5 or 12, [2.25 or 450 | Rail-to-rail, 20-pin DIP | Double or single
(11-bits with dual £5 bipolar, 20-pin PCC | buffered data
gain ranging) unipolar
ML2350B 8 k] 5 Single 5 or 12, |2.50 or 5.00 | Rail-to-rail, 18-pin DIP | Flow through,
(11-bits with dual £5 bipolar, 18-pin SOIC |or single
gain ranging) unipolar buffered data
ML2350C 8 1% 5 Single 5 or 12, {2.50 or 5.00 | Rail-to-rail, 18-pin DIP | Flow through,
(11-bits with dual £5 bipolar, 18-pin SOIC |or single
gain ranging) unipolar buffered data
ML2351B 8 % 5 Single 5 or 12, {2.50 or 5.00 | Rail-to-rail, 20-pin DIP | Double or single
(11-bits with dual £5 bipolar, 20-pin PCC | buffered data
gain ranging) unipolar
ML2351C 8 1% 5 Single 5 or 12, (2.50 or 5.00 | Rail-to-rail, 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 =0°C to +70°C, | = -40°C to +85°C, M = -55°C to +125°C
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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 2.5V
bandgap reference, and a 12-bit plus sign A/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
A/D converters have a maximum non-linearity error
over temperature of 0.018% 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.

FEATURES

= Resolution 12 bits + sign
= Conversion time

(including S/H acquisition) 31.5us max
® Sample-and-hold acquisition 2.3us max
= Non-linearity error +34LSB and £1LSB max
= Low harmonic distortion 0.01%

= No missing codes

m Self-calibrating— maintains accuracy over time and
temperature

= Inputs withstand |7V| 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

m Standard hermetic 40-pin DIP

ML2208 BLOCK DIAGRAM
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ML2200, ML2208

ML2200 BLOCK DIAGRAM
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BLOCK SCHEMATIC DIAGRAM
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PIN DESCRIPTIONS

PINNO. NAME FUNCTION PINNO. 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 VRer Internal voltage reference output data is ready to transfer. DBR is not
41 CH Analog Inputs. maskable. It can 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 ML2208 — Negative common quence of operations has been
input for the eight input channels. completed. DBR remains active in
Tie to analog ground or (Vsg +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.
. to AGND. 29 DGND Digital Ground.
14 Ppn Power-Down Input. When 30 CLK Clock input. Drive with an external
Ppn =0, device in power-down clock or crystal reference to
mode with register contents DGND. The crystal must be paral-
retained if AVce >2.0V. lel 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 DVcce Digital power supply. Tie to AVcc 31 RESET Active low hardware reset with
from same power supply. internal pull up resistor of 200K.
22-25 D3,D2,D1,D0 Bidirectional data bits. Tie to system reset line or to
26 SYNC In the slave mode, SYNC is a grounded capacitor. The capacitor
positive edge triggered input used size (usually >6uF) 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 Tk External timer, Tcyk 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 Tc g bit in the
high or low or will default to active control register is set to one.
high. INT will not clear until ac- 33 ALE Address latch enable, active low
knowledged in halt mode; not latches information on A0, A1, A2
affected by the run or halt state. and CS. Tie to AV to disable use
INT =0 during reset and inactive when separate address and data
during Ppn. bus are used.
34 A2 Address 2
35 Al Address 1
36 A0 Address 0
37 (&) 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 AVce Positive analog Power supply. De-

couple to AGND. Tie to DV¢c
from same power supply
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PIN CONNECTIONS

ML2200
40-PIN DIP
acnp []1 N~ [ Avec
viewe [] 2 39 []WR
vrer [] 3 s [] %
cHo+[] 4 37[] G
cHo-[] 5 36 ] Ao
cHi+ [ e 3s[]ar
-7 1] a2
cH2+[] 8 33[] ALe
CH2- E 9 32 a Tewk
cHs+[f 10 31 [] RESET
cH3-[|n 30 [] ek
ne[] 29[] baNp
vss[] 28] pBR
Pon [] # 27 [] INT/iNT
Nel] s 26 [] SYNC
o7 [} 25[] po
s [ 17 u[]o
ps[] 18 n[]p2
oa[]® 2[]os3
pGnND [ 20 21[]pvee
TOP VIEW

ML2208
40-PIN DIP
AGnp ] 1 ~ W [] Avee
viewe [ 2 39 []WR
Vrer [ ] 3 38[] RO
CHOE 4 37[] G
cHi[] s 36 [] A0
cH2[] 6 35[] a1
cu3f] 7 34 %AZ
cHa[] 8 33[] ALe
chs] 9 327 Tak
cHe [] 10 . 31[] ResET
cH7 [ m 30 []cik
com[] = ‘ 29 [] pGND
vss[] 13 28[] oer
Pon[] 1 27 [] INT/iNT
Ne[] s 26[] SYNC
o7 [} 1 25[] o
e [] 17 21[]o
ps[]® 23[] b2
D4[f 10 2[]o3
pGND [ 20 21[] pvee
TOP VIEW

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltages (AVccand DVee) ovvveneeiin vt 6.0V
Negative Supply Voltage (Vss) . ...ovvvvniinnn. -6.0V
Voltage at Analog Inputs ............... Vss—7Vto AVee +7V
VoltageatVRer ..oovvviniiin, Vgs—7V to AV +7V
Input Current per Digital Pin  ...................... +10mA
Input Currentat Analog Inputs  .................... +20mA
Storage Temperature Range . ............... —65°Cto +150°C
Package Dissipation @25°C ..........viiiiiiieenn... 1w
Lead Temperature (Soldering 10 sec.)

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

OPERATING CONDITIONS

(Note 2)

Temperature Range ....................... TMIN = Ta = Tmax
ML2200BCJ, ML2200CCJ, ML2200DC] .......... 0°C to 70°C
ML2208BCJ, ML2208CCJ, ML2208DCJ .......... 0°C to 70°C

Supply Voltage (AVce and DVee) .......... 4.5Vpc to 6.0Vpc

Negative Supply Voltage (Vsg) ........... -4.5Vpc to -6.0Vpc

2-8 @ Micro Linear



ML2200, ML2208

ELECTRICAL CHARACTERISTICS
The following specifications apply for AV¢c = DVcc = +5V £ 5%, Vss = =5V + 5%, AGND = DGND = COM = CHX- =
0V, T = Tmin to Tpax unless otherwise specified. Cp = 100pF for D0-D7, C; = 50pF for INT DBR, and SYNC.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
Converter Characteristics
Linearity Error
ML2200BC), ML2208BC) 4 |feax = 01 < 7MHz +% LSB
ML2200CC]J, ML2208CC) fcok = 01 < 7MHz +1 LSB
ML2200DC}, ML2208DC]) fccik = 01 < 5MHz +1 LSB
Unadjusted Zero Error
ML2200BC], ML2208BC) 4 +34 LSB
ML2200CCJ, ML2208CC) +2 LSB
ML2200DCJ, ML2208DCJ +2 LSB
Unadjusted Positive and Negative 5 +4 LSB
Full Scale Error
Zero Error Temperature Coefficient 0.5 ppm/°C
Gain Temperature Coefficient External Reference 3 ppm/°C
Common-Mode Rejection 13 80 dB
Analog Input Range 5 All Analog Inputs Vss-0.05 AVcct0.05) Vv
External Source Resistance 5 Channel = Analog Input 2 kQ
for Analog Inputs 5 Channel = Voltage Reference 0.5 kQ
Differential Analog Input Range 4 CHX referred to COM ~VRer +VRer \
for ML2208
CHX+ referred to CHX- for
ML2200
Off Channel Leakage Current 5 6 |On Chan =25V, -100 nA
Off Chan = -2.5V
On Chan = -2.5V +100
Off Chan = 2.5V
On Channel Leakage Current 5 6 |On Chan = -2.5V, -100 nA
Off Chan = 2.5V
On Chan = 2.5V +100
Off Chan = -2.5V
Gain Error Gain=24,0r8 0.03 %
Vollage Reference and V'I'EMP Characteristics
Vger Absolute Value 4 Referred to AGND 2.45 2.55 A\
Vger Output Pin
Output Resistance 5 300 mQ
Minimum Load Resistance 5 1 kQ
Maximum Load Resistance 5 50 pF
Temperature Coefficient 50 ppm/°C
Line Regulation 4.75 < AVcc = 5.25 1 mVv
-475 = Vgg = -5.25 1 mv
Load Regulation 1WA - 25mA 1 mV
Output Noise 100 HVrms
Viemp Output Pin AVcc-15 \"
Absolute Value @ 25°C
Volts per °C 5 mV/°C
2-9
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ML2200, ML2208

ELECTRICAL CHARACTERISTICS (Continued)

The following specifications apply for AVcc = DV = +5V £ 5%, Vss = -5V £ 5%, AGND = DGND = COM = CHX- =
0V, Ta = Tmin to Tpmax unless otherwise specified. C; = 100pF for D0-D7, C; = 50pF for INT, DBR, and SYNC.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
DC Characteristics
Power Supply Current
A'Cc, Analog AVCC 4 [ 30 50 mA
Dlcc, Digital DVcc 12 |RD=CS=Vy 10 MA
Iss Vss 4 18 30 mA
lcc Standby Current AVcc + DV 4,9 |Ppy pin = GND 10 1000 pA
Iss Standby Current 10 1000 MA
Vcepp Minimum AVe and DV for
power-down data retention Ppn pin = GND 2 \
Vgs = -5.25 to GND
Power Supply Rejection 7
AVce/DVee DC 80 dB
DC to 25kHz, 200mVp_p 50 dB
Vss DC 80 dB
DC to 25kHz, 200mVp_p 50 dB
Vi Input Low Voltage (except CLK, tc ) 4 0.8 Vv
Vit Input Low Voltage (CLK, tc k) 4 0.8 \Y
Vin Input High Voltage (except CLK, tc k) 4 2.0 . \Y
A Input High Voltage (CLK, tcix) 4 35 ) \%
Vou Output Low Voltage 4 IoL = 20mA 0.45 \
Vou Output High Voltage 5 loy = -TmA 4.0 \%
I Input Leakage Current (except CLK 4 GND < V) < Ve +10 LA
and RESET)
Iiq Input Leakage Curent (CLK) 4 GND < V| < Vce +200 HA
lio Output Leakage Curent (D0-D7) 4 RD =CS = Viy +10 HA
IsT RESET Pin Source Current 4 RESET = OV 15 50 100 HA
G Input Capacitance (All Digital Inputs) 10 pF
Co Output Capacitance (All Outputs and 20 pF
D0-D7)
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |CLK Mode =0 | fc;x = 7Z0MHz 315 us
fCLK = 5.0MHz 440 MS
Sample and Hold Acquisition 4,9 |CLK Mode = 0 | fc g = Z0MHz 2.3 us
fCLK = 5.0MHz 3.2 MS
SNR Signal-to-Noise Ratio V = 10kHz, 2.5V Sine. 73 dB
fok = 7MHz
(fSAMPUNG = 31.8kHZ) Noise is
sum of all nonfundamental
components up to % of
fSAMPLING:
THD Total Harmonic Distortion V = 10kHz, 2.5V Sine. -75 dB
fCLK = 7MHz
(fSAMPLING = 318kHZ) THD is
sum of 2, 3, 4, 5 harmonics
relative to fundamental.
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ELECTRICAL CHARACTERISTICS (continued)
The following specifications apply for AVce = DV = +5V £ 5%, Vsg = -5V £ 5%, AGND = DGND = COM = CHX- =
0V, Ta = Tmin to Tpax unless otherwise specified. C; = 100pF for D0-D7, C, = 50pF for INT, DBR, and SYNC.

TP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
AC Electrical Characteristics (Note 8) (Continued)
IMD Intermodulation Distortion Vin = fa + fg. fa = 9kHz, 125V -75 dB
sine. fg = 10kHz, 1.25V sine.
fCLK = 7MHz
(fSAMPLING = 318'(HZ)
IMD is (f + f),
(fa - fp), (2fa - fg), (2fa - fp),
(fa + 2fg), (fo — 2fg) relative
to fundamental.
FR Frequency Response Vin = 0 to 10kHz, 2.5V sine 0.01 dB
relative to 1kHz
fek CLK Frequency 4 (no crystal) 01 7 MHz
ferkx CLK Frequency 4 (crystal) 3 7 MHz
foua Internal CLK Frequency 12 fok or
feikx
fowkr CLK Frequency (tc g only) 4 fewk MHz
teLkw Minimum Clock High/Low Width 5 50 ns
(CLK)
tcikwt | Minimum Clock High/Low Width 5 75 ns
(tcik)
tre Maximum Rise/Fall Times, All Inputs 5 25 ns
tReser | Minimum Reset Active Time 4,10 10 fow
Periods
tpON Power-Up Time Time After Ppy = Vi 1 ms
Multiplexed Data Bus Timing
taL Address to ALE Setup Time 4 20 ns
tiA Address Hold Time After ALE 4 20 ns
tic Latch to RD or WR Control 4 20 ns
trp Valid Data Delay from Read 4 150 ns
taD Address Stable to Valid Data 5 150 ns
t 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
twp Data Hold Time for Write 4 0 ns
try Recovery Time Between Two Reads 4 250 ns
or Writes
Non-Multiplexed Data Bus Timing
tap 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
trp Data Delay from Read 4 150 ns
tor Read to Data Float 4 10 50 ns
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ML2200, ML2208
ELECTRICAL CHARACTERISTICS (continued)

The following specifications apply for AVce = DVe = +5V & 5%, Vsg = -5V & 5%, AGND = DGND = COM = CHX- =
0V, Ta = Tpmin to Tpax unless otherwise specified. Ci = 100pF for D0-D7, Cy = 50pF for INT, DBR, and SYNC.

SYMBOL PARAMETER NOTES CONDITIONS MIN Ng: 3 MAX UNITS
Non-Multiplexed Data Bus Timing

try 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
tow Data Setup Time for Write 4 100 ns
twp Data Hold Time for Write 4 0 ns
DMA Interrupt and SYNC Timings

tckpgr | Clock to DBR Assert . 1,4 |DMA 120 180 ns
trDD Read to DBR Negation on Last Byte 4 10 160 ns
tckosr | Clock to DBR or tent, INT Assert 11, 4 |Non-DMA 100 180 ns
twrosr | Write to DBR or tygnt INT Negation| 11, 4 70 120 ns
texsyne | Clock to SYNC Delay 11, 4 |Master Mode 150 200 ns
tsynen | SYNC Input Width 5 3 feia
tsyneck | SYNC to Clock Setup 4 Slave: Mode 4 Only 50 ns
tsynco | Minimum SYNC Output Width 4 4 4 feua

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:  0°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 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: Leakage current is measured with the clock not switching.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

Note 8: All parameters measured from 0.8V to 2.0V.

Note 9: Power-down current is with power-down pin at GND potential only. Any other level will dissipate more power. Other digital input
pins may float but cannot be above Vpp, or below GND.

Note 10: RESET should be held active for at least 10 internal clocks after power supplies have stabilized to within 5% of 5V.

Note 11: 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 2 the input clock period.

Note 12: When RD = CS = V|, the current into the DV pin depends on the load on the data bus pins D0-D7.

Note 13: Common-Mode rejection s the ratio of the change in zero error to the change in common-mode input voltage.
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TIMING DIAGRAMS

s \

READ CYCLE

/

tap
A 1( y p |
ADO-7 ADDRESS ~ ))- « DATA

7

[t [ty A —> [<—tDF

ALE f
t l— tRD -] <-lc1>|
RD
tic tcc [ tRv

WRITE CYCI

LE

i

/

4 R
ADO-7 )‘ ADDRESS DATA VALID fK
[eta > le—tip tow L ta
ALE y
X
t le—tiC e——tcc twp
WR

Figure 2. Multiplexed Bus

-t

READ CYCLE WRITE CYCLE
4——1,\[)——-——»1 — twA
_ s J E
A0-A2, CS x( F A0-A2, CS X
e— tAR tRR | — tRA l— tAw—>| — twp
__ — s
RD j k } DATA BUS INVALID )g VALID )1 INVALID
- K
[e———trv h—lm)—» —-J tor <—-iow——>4
A 4
DATA BUS HIGH Z )]t VALID HIGH Z WR 2' &t
I trv tww
Figure 3. Non-Multiplexed Bus
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TIMING DIAGRAMS (Continued)

CLK

>

‘j_\tCKDBR
DBR

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.

trOD

i v

Figure 4. DMA Mode

MASTER MODE

O\
I

CLK /

tCKksYNC

2

T

i

teKSYNC— [ 1SYNCO—|

Figure 6.

/\

2

CLK
tckpBR OR tCKINT

s
DBROR INT

tWRDBR OR twRINT

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

SLAVE MODE

tsYNCCk

i \

SYNCIN
N

tSYNCN

SYNC

1.0 FUNCTIONAL DESCRIPTION

1.1  Algorithmic A/D 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.

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 2x 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 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.

Self-Calibration

In order to maintain integral and differential linearity to the
1/2LSB 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-
version 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 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 (Vrer/ VRep), and examining the output code.
Converting Vggr should yield plus full-scale, since Vger/ VRer
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 magni-
tude bits of the resulting conversion are all *“1s”’, the gain may

C
R
v [‘*'—‘
IN 7
4} I\ . K x VReF
MUX 2c > VREF
¥ i ’
K=1,0, -1
TRIM b
il
GAIN OF LOOP = x2 COMPARATOR
[(sm Je
| I——
Figure 7. Self Calibrating A/ D Converter
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be too great, therefore the gain is reduced to the point where
the threshold of the 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 +2.5V relative to COM of the ML2208
ora CH - of the ML2200. The input voltages under normal
operation must not exceed supply voltages by 0.05V. Each
channel is selected by the programmable sequencer.

1.3 Internal Voltage Reference and Vygmp

The internal bandgap voltage reference with a temperature
coefficient of 50ppm/°C has an external use current of
2.5mA.

The voltage reference Vrgmp 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 A/D conversion actually takes place.

Number of
Operation Internal Clocks*
8-bitA/D 80
13-bit A/D 110
CALWR 52
CALRD 80

*Internal clock 1s the external clock divided by two.

1.5 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 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 us 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 A/D, after which
the Vggr 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 1uF or greater and
0.01uF disc ceramic capacitors are recommended for bypass-
ing AVcc as well as Vss to AGND. These capacitors should be
placed close to the AVcc and Vsg pins.

2.0 uP HARDWARE INTERFACE

The microprocessor interface is a byte-oriented structure
which occupies eight memory or I/O 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.

EXTERNAL
CLOCK

INTERNAL

CLOCK
NOTE 1 | ]

|
SINCPIN | {
(MASTER MODE) I I
NOTE 2 | —

T
|«———— SAMPLING INPUT

START OF CONVERSION
NOTE:

-_.‘__.__

SAMPLING REFERENCE ————»

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

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

.
. » A2
. Al
A0
A8
AD7 |¢ » D7
wp e s ML2200
AD2 |e¢— » D2 M12208
AD1 » D1
ADO » DO
ALE » ALE
RD » RD
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 (INT), and one for data interrupts
(DBR). The standard INT pin is maskable via an interrupt
mask register while the DBR pin is always enabled to signify
that data is available. DBR can be mapped into the INT pin if
only one interrupt pin is desired.

The interrupt pin (INT) 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, itis an open drain output,
therefore an external pull-up resistor of 2.5kQ or more
should be used. The DAP’s Status register can be read to
determine whether its interrupt is active or not.

ADDRESS —
&
. A2
.
Al
A8 » A0
:
:
:
» AD7 D7 mi2200
T ML2208
AD3 [« —» D3
AD2 |« » D2
AD1 e » D1
ADO e » Do
ALE ALE
RD RD
WR WR
Figure 10.  16-Bit Multiplexed Bus Interface
2.2 DMA

The separate DBR pin can also serve as a DMA 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. DBR 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 O 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.

8237 HLDA
DMA CONTROLLER Howp [
IOW DREQ
Ag-A7 Do-D7 IOR DACK
HOLD
15244 15373 15245 Y
IL I 3T I g S
T — [ S
Ao
< DATA > ___—-D—b Ao
ML2200
MI12208
cs
S
2D RD
WR Wi
DBR
DATA > Do-D7
Figure 1. 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

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.

PRIMARY SECONDARY
INDEX
REGISTER
VALUE
(RS4-RS0) UPPERBYTE  LOWER BYTE
00000 [BT5 D8[D7 B0
ADDRESS BIT7 BIT6 BIT5 BIT4 BIT3  BIT2 _ BIT1 _BITO DATA
READ/WRITE[ 000 | D7 [ D6 | D5 | b4 | b3 D2 | b1 | oo | Sxl6 AR‘/D“”DiATA (READ)
WINDOW LOW REGISTER 16-BIT CAL (WRITE)
READ/WRITE[ 001 | D15 [ b4 [ b3 [ prz | pn | pwo | b9 [ D8 |
WINDOW HIGH REGISTER
READ/WRITE[ 010 JAUTOI] "+« | s« | Rs4 | Rs3 | Rs2 | Rst | Rso || oto00
INDEX REGISTER
READ/WRITE [ o011 | CAL | RESET [ SLFTST | TCLK | DMA | LOBYT | MSTR | RUN | ;T?Jggwgrwnlshculs.rlms
CONTROL REGISTER
READONLY [ 100 [ INT T CLCP [ RNER | 15Q | OVRN [ ALRM [ OVRG | DBR |
STATUS RECISTER 10000 [ I ] 16-BIT TIMER VALUE
WRITEONLY [ 100 |« [cLcPAK [RNERAK] 15QaK JOVRNAKALRMAKIOVRGAK DBRAK] | 4901 | T 1 16-BIT ALARM A VALUE
INTERRUPT ACKNOWLEDGE REGISTER 10010 | T 1 16-BIT ALARM B VALUE
UPPER BYTE
READONI.YI 101 I *1 | 1 | 1 | 1 | 1 | SR2 I SR1 | SRTI 10011 [ I ] 8-BIT INTERRUPT ENABLE
A2, A1, AD SEQUENCE REGISTER ER
8-BIT ALARM CRITERIA
*Writing this bit has no effect
**Write a zero to these bits
ADDRESS read back ones DATA
Figure 12.  Register Architecture
15 “ 3 2 1 10 9 8 7 6 5 4 3 2 1 0

LAST |ALRMEN MDE2 | MDE1 LMDEOI CH2 J CH1 I CHoO ” SC2 l sC1 I SCo GN1 I GNO l REF2 l REF1 l REFOJ

.

="
MODE SELECT

000 = IMEDIATE EXECUTE
001=INTRA SEQUENCE PAUSE
010 = START ON NEXT TIMEOUT
011=PRESET TIMER/START ON

_—

000 =CHANNELO
001=CHANNEL1
010 = CHANNEL 2
011=CHANNEL 3

TIMEOUT 100 = ILLEGAL
100 = EXTERNAL SYNC/TIMER 101=ILLEGAL
PRESET/TIMEOUT 10 =ILLEGAL
110=ILLEGAL 1M1= ILLEGAL

1M1= ILLEGAL

INPUT CHANNEL SELECT

< e e s —
—~

CYCLE SELECT GAIN SELECT REFERENCE SELECT
000 =16 BITS 00=1 000 = CHANNEL 0
001=13 BITS 01=2 001=CHANNEL 1
010=8 BITS 10=4 010 = CHANNEL 2
011=READ CAL CODE n=8 011=CHANNEL 3

Figure 13.  ML2200 Bit Map of Instruction RAM

15 14 13 12 n 10 9 8

111= WRITE CAL CODE 100 = ILLEGAL
101= ILLEGAL
110 = INTERNAL Vger
111= ILLEGAL

7 6 5 4 3 2 1 0

LAST IALRMENI MDE2 | MDE1 [MDEO] CH2 | CH1 |CHO II SC2 | SCt | SC()J GN1 | GNoO I REF2 l REF1 I REFOQ l

—— —~ N ——
MODE SELECT INPUT CHANNEL SELECT  CYCLE SELECT GAINSELECT ~ REFERENCE SELECT
000 = IMEDIATE EXECUTE 000 = CHANNEL 0 000 =16 BITS 00=1 000 = CHANNEL 0
001= INTRA SEQUENCE PAUSE  001= CHANNEL 1 001=13 BITS 01=2 001= CHANNEL 1
010 = START ON NEXT TIMEOUT ~ 010 = CHANNEL 2 010=8BITS 10=4 010 = CHANNEL 2
011= PRESET TIMER/START ON  011= CHANNEL 3 O11-READCALCODE  T1=8 011= CHANNEL 3

TIMEOUT 100 = CHANNEL 4
100 = EXTERNAL SYNC/TIMER 101= CHANNEL 5
PRESET/TIMEOUT 110 = CHANNEL 6

110=ILLEGAL
M=ILLEGAL

1M1=CHANNEL7

100 = CHANNEL 4
101= CHANNEL 5

110 = INTERNAL VReg
111 = ILLEGAL

111= WRITE CAL CODE

Figure 14. ML2208 Bit Map of Instruction RAM

I@. Micro Linear
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SECONDARY REGISTER 19 RS4-RS0 = 10011

15 14 3 12 n 10 9 8

7 6 5 4 3 2 1 0

| INTL ICLCI’IE RNERIE | ISQIE TOVRNIE]ALRMIE LOVRGIEJ DBRIEJ]

l ENB | ENA |AND/OR| >B/<B | >A/<A|

J

INTERRUPT ENABLE REGISTER

~
ALARM CRITERIA REGISTER

Figure 15. Interrupt Enable and Alarm Criteria Registers

3.1 Primary Registers

READ/ Control Register — Register 3 READ/
WRITE WRITE
I D7 I DLI D5 l D4 | D3 I D2 | D1 T Do | l CAL [ RESET l SLFTST I te T DMA rlosvr ] MSTR l RUN |
Window Low Register READ/ Control Register
WRITE !
L on J o | on l o I on | o 1 oo | - I RUN (Bit 0): Setting this bit to a one will cause the chip to
! start executing the operations defined in the Instruction
Window High Register RAM, beginning with location 0. This is referred to as the Run

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. Any one 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 READ/
WRITE
i AuTOI I | l RS4 I RS3 l RS2 I RSt I RSO |

Index 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.

AUTOI = 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 conditions, 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.

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 0.
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 (INT 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 bit to 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): Indicates 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 not 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 AUTO! or DMA operation.
When this bit is set, the index register is incremented on the
read or write of the 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 output the 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 prior to 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) Atthe 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 AUTOI bit and DMA bit are both set, the auto-
increment will occur in both the Run mode and the Halt
mode.

tcik = enable external timer clock (Bit 4): When set, will
divert the clock input for the internal sixteen bit timer to the

tcLk pin. When reset to O, 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

15 14 13 12 nn 10 9 8

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 Vggp
Reference plus side tied to Vgep
minus side tied to
AGND
010 Minus Internal | Convert internal Vggp
Reference minus side tied to VRgp
plus side tied to AGND
o Common Mode | Both inputs of the
converter are tied to
VREF
100-111 Hllegal

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.

7 6 5 4 3 2 1 0

| LAST IALRMEN MDE2 | MDE1 lMDEO’ CH2 I CH1 ‘ CHoO H sC2 ‘ sC1 \ sco I GN1 I GND ‘ REF2 [ REF1 | REFO |

>

~—
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 MM =ILLEGAL
110=ILLEGAL
1M1=ILLEGAL

—_————— ———
CYCLE SELECT GAINSELECT ~ REFERENCE SELECT
000 =16 BITS 00=1 000—110
001=13 BITS 01=2 INTERNAL REFERENCE
010=8BITS 10=4 ONLY
011= ILLEGAL n=8
1ii= ILLEGAL

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 A/D converter will begin. Reading 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 of time 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'1/0O 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 READ

ONLY
I INT l CI.CP_I RNERT ISQ—I OVRN ] ALRM l OVRG I DBR |
Status Register

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 resuits. 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): |s 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-
ing A/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.

1SQ = 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 fieid 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 WRITE

ONLY

| lCLCPAK |RNERAKI ISQAK |OVRNAK|ALRWAK|0VRGAI(| DBRAK |

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

READ
ONLY

(1 [+ [+ [ [ [ m]
Sequence Register

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.

Secondary Registers 0 to 7

Data RAM (read only)

Calibration Holding Register (write only)

UPPER BYTE LOWER BYTE
D15 p8[D7 Do]o
1
2
8x16A/D DATA

3\ REGISTERS
4 16-BIT CAL
5 | REGISTER
6
7

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 A/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 A/D converter. Note that this
will change the calibration of the A/D converter, and a cali-
bration of the A/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)

or
opP
oP
opP
orP
or
oP
oP

9
10

mn
8 x 16 OPERATION
12 REGISTERS

3
14
15

Nljonjuls|lwn]|=]e

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 10A). 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=0.

D15 D14 D13-11 D10-8 D7-5 D4,3 D2-0
[ LAST |AlRMENI MODE J CHAN | CYCLE GAIN | REF '

REF (Bits 2, 1, 0— Voltage Reference Selection) REF specifies
the source of the voltage reference used for the A/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/fc k) 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— Cycle 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 A/ 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 A/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 A/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 — Input 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 current operation. If all eight operations are specified,
the last one MUST have this bit set.

MODE (Bits 13, 12, T1—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

o1 Preset Timer/Start on Time out

100 External Sync Start

101 External Sync/Timer Preset/Time out
110 ILLEGAL

m 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.

1 OPERATION EXECUTION TIME
2 CONVERSION EXECUTION TIME
3 4 5 6

INPUT CHANNEL REF. CHANNEL

ACQ. TIME | ACQ. TIME
| | | TIME—>
MAST%T{:%S: SAMPLE HOLD SAMPLE HOLD
l———‘ MODE MODE MODE MODE |——-[
STARTOF  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 may or 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 S/H goes into sample mode acquiring the
input channel for eight internal clocks. After the input has
been acquired the S/H goes into hold mode, disconnecting
the S/H from the input channel, and transferring the charge
into the A/D converter. A couple of clocks later the same
S/H goes into sample mode on the reference voltage, either
the internal Vggr or one of the input channels. The reference
acquisition time for all six modes is the same; eight internal
clocks. After the S/H goes into hold mode the successive
approximation A/ 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 1and 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 I1SQ
status bit is set. The microprocessor will recognize the setting
of the 1SQ status bit either by polling the Status register, or
having enabled the 1SQ 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 1to 0. 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

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 following 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 will 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 1to 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 of the 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 (12
the CLK pin frequency) or if external events need to be
counted before starting an operation, then setting the tc; g bit
in the control register will divert the timer to the tc  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 1internal clock increments, or the period of tc 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 Ciriteria Register — Secondary Register 19 lower byte
(Read/Write) — Specifies the compare criteria to be used
with alarm registers A and B. Bit O 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 1specifies
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

ENB ENA AND GB Test Done:

0 X No Test

<A

>A

<B

>B

<Bor<A

<Bor>A

>Bor <A

>Bor >A

<Band <A

<Band >A

>Band <A

JEIN [P N (U (S [P [ [ G N R =2 K =)

.di_._._._._.vdoo.aa
==l lmlOo|lOlOlO X[ XXX

~|=alolola|a]lolo|=lo]x|x|x
—lo|=|o|=|o|=|o|x|x|=|o|x|Q]|e

>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)

DI5 DW4 D13 D12 D1l D10 D9 D8
I INTL ‘CI.CPIE lRNERIEl ISQIE |0VRNIE|ALRMIE Iovxclzl DBRIE |

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 well 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, while 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 10ms

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 7MHz and each conversion is
13 bits with a gain of 1, the conversion time for each opera-
tion willbe 110 * 286ns = 31.4us. Therefore four instruc-
tions will require 4 * 31.4us = 125.7pus. 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 10ms
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.

Number of Internal System
Clocks Needed
Cydle (/fcrkn)
16-Bit 128
13-Bit 110
8-Bit 80
Read CAL 80
Write CAL 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.

5) Load the Instruction RAM, alarm criteria, interrupt condi-
tions, and timer. Set the proper data transfer mode up
(DMA, interrupt driven or polled 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 ORing 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 will still read 1.

5.1 Reset/Power-On Conditions
When applying power to the ML2200, DVc and AVcc
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 RNER 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
greater than 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 A/D overrange/
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 B are 16 bits wide, 13-bit two's
complement sign extended values must be loaded. (Refer to
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 B and 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 by exam-
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) DMA/ Interrupt
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

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 1SQ 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)

@

4)

S

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.

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.

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.

DMA/ Interrupt 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

Last ALRMEN Mode CHAN Cycle Gain REF
SEQO 0 0 Intra Sequence CHO 13 1 Internal
Pause
SEQ1 0 0 Immed Execute CH1 13 1 Internal
SEQ2 0 0 Immed Execute CH2 13 1 Internal
SEQ3 0 0 Immed Execute CH3 13 1 Internal
SEQ4 0 0 Immed Execute CH4 13 1 Internal
SEQ5 0 0 Immed Execute CH5 13 1 Internal
SEQ6 0 0 Immed Execute CHé6 13 1 Internal
SEQ7 1 0 Immed Execute CH7 13 1 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 Ppy 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 Ve and GND.

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

first 10ms 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 10ms of data or
waiting for 10ms 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. Dgrak 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.

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 Vggr and

AGND. Conversions in the Self-Test Mode allow the user to

determine how the Sample-and-Hold and A/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
setting, converted data will give the offset of the A/D
converter and Sample-and-Hold combination.

2. Internal Reference - Connects the positive input of the
Sample-and-Hold to Vger 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 Ve 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 Vggg. 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:

LAST ALRMEN MODE CHAN CYCLE GAIN REF
SEQO 0 0 INTRA SEQ PAUSE SYSTEM OFFSET 13 1 0
SEQ1 0 0 IMMED EXECUTE INT REF 13 1 0
SEQ2 0 0 IMMED EXECUTE MINUS INT REF 13 1 0
SEQ3 1 0 IMMED EXECUTE COMMON MODE 13 1 0

After the RUN bit is set, the 1SQ 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 1SQ bit is set, the results may be read from the
Data RAM.

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 A/D con-
verter; specifically the Calibration register and the A/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=0. WRITE CAL CODE
transfers the contents of the Calibration Holding register into
the A/D converter’s Calibration register. READ CAL CODE
transfers the contents of the Calibration Holding register
through the'A/D’s Data register, into the Data Output register
with the same location as the operation.

As a result of providing READ and WRITE CAL, it is possible
to execute digital loopbacks through the Calibration register,
A/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 A/D converter. Therefore a self calibration should be
performed after executing a WRITE CAL CODE to ensure the
A/Dis properly calibrated.

SECONDARY REGISTERS
07
15 6 [ B 0
WRITE
ONLY CALIBRATION HOLDING REGISTER  |—#—1»{ CALIBRATION REGISTER ]
15 6l B 0
READ DATA OUTPUT REGISTERS ] DATA REGISTER ]
ONLY 7 -
1
2
3
3 A/D CONVERTER
5
6
7

Figure 18. Digital Loopback Architecture

DIGITAL LOOPBACK ARCHITECTURE

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 all 1s, then the calibration was
successful.

Even though the calibration register itself is a 16-bit register,
and is capable of holding a 16-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 all 1s then the calibra-
tion was a success.
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APPLICATIONS

Utilizing instruction RAM bits O, 1, and 2, any of the differen-
tial input channels of the ML2200 can be programmed to
sense the external reference (See Figure 13.) Only single
ended channels 0 thru 5 can be used on the ML2208

(See Figure 14.)

ML2200 ML2208
? AVce T Avce
VREF +CHO VREF CHoO
-CHoO CoM
AGND AGND

Figure19. Using a 2.5V External Reference

The system gain errors can be nulled by applying 2.4991V
(the full-scale voltage minus 1.5LSB) to one of the input chan-
nels and adjusting R1 until the digital output toggles between
0 1111 11111110 and O 1111 1111 1111, If offset is not adjusted the
full-scale voltage will be shifted by the amount of this
unadjusted offset voltage.

ML2200 ML2208
? Avcc AVce T AvVce AvVce
VREF + VREF +
+CHO CHO
Vss Vss
| I-_- -CHO r COM
[o2 AGND [ AGND

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

ML2208
ML2200
CHo
+CHO oH1
— - cHo
o — o
INPUTS +C NeuTs | f s
REFERENCED p— - cH1 REFERENCED
TOAGND +CH2 TOAGND | ——| CH4
] cH5
b - chz
CHé
+CH3
CH7
-cH3
| com
AGND
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 305uV to one of the input channels
(referenced to AGND.) 305uV is equivalent to /2 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 gain setting and so should
be set first. \

The Channel to Channei Zero Error and Fuli-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 ML2200
T +5V
VMA ADDR. = PDN
ABA7 /8 DECODE Ccs AvVce j— +5V
+5V ——»1 ALE DVcc
AB-A15 —f”— v 3 A0-A2
_ Vss |&— -5V
R/IW e
:D}——_———__‘> RD Viemp [——>
—->o— WR VREF |——> +2.5V
$2 ! )° >
48
D0-D7 v D0-D7 CHO+ le—n
+5
(unused) <«——— DBR CHO-
3k CH1+ fe——
RQ . INT CH1- |«——— | 4 DIFFERENTIAL
RESET T RESET ANALOG INPUT
[
Iwur _1_—— tax CH2+ CHANNELS
= = (not used) CH2-
X CH3+ |e——
] 7MHz CH3 - |e——
T
I———-———— SYNC
= DGND AGND
Figure 22. Interfacing ML2200 to 6800 Type Microprocessors
VREF
(From ML2208 |
or ML2200) uF
FULL SCALE
AGND ADJUST
AV VAﬁ
RG
————
0-15 PSID JR3
Pl SENSYM SCXI5DNC y
R3 100kQ TO
R,RO  10kQ R3 ML2200
RS 1.25kQ A Mi2208
RG 500Q A4 —»-
.
Output voltage 0-2.5V when J1=AGND l
+2.5V when J1=-5V !
= AGND J
i = AGND
-5V
Figure 23. Pressure Sensor Application
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ML2200, ML2208

ORDERING INFORMATION

LINEARITY MINIMUM TEMPERATURE
PART NUMBER ERROR CONVERSION PACKAGE RANGE

Four Differential Analog Inputs

ML2200BC]J +34 LSB 31.5us

ML2200CCJ +1 LSB 31.5us Hermetic DIP 0°C to +70°C

ML2200DC) +1 LSB 44.0us
Eight Single Ended Analog Inputs

ML2208BC]) +34 LSB 31.5us

ML2208CC] +1 LSB 31.5us Hermetic DIP 0°C to +70°C

ML2208DC) +1 LSB 44.0us

2-32
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“&.Micro Linear 1 9500EX, MI2208EX
ML2200, ML2208 Exerciser

GENERAL DESCRIPTION FEATURES

The ML2200, ML2208 Exerciser is a versatile development = On-Chip registers may be viewed and modified
tool that shortens the development time and aids in the un- directly

derstanding of the ML2200, ML2208 Data Acquisition Periph- = Testbed brings out all I/ O signals and provides bread-
erals. In a short period of time a user is able to reset and board area for user specific circuits

calibrate the part, start executing programs, and evaluate the a Full-speed operation captures data into a 20K word
performance and operation of the part. buffe’r)?:th eppec p

The Exerciser includes a hardware Testbed with prototyping = 20K word buffer can be displayed graphically or in
board area, a Host Adapter Card which plugs into the IBM table form

PC, XT, AT and compatibles, a ML2200 or ML2208 Data Ac- - Slngle Step OPeration

quisition Peripheral, and a user friendly interactive software = Runs in an IBM PC, XT, AT or PC compatible Host
package. e

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 While the ML2200 is in the run mode, the A/D converted
desired, the part maybe run at full speed. Break conditions data is saved in a 20K word buffer in the PC’'s RAM memory.
maybe setup to exit out of the run mode, and once again The data in the 20K word buffer can be displayed either
examine the registers. graphically or in a table form for closer examination.
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ML2200EX, ML2208EX

[ N: Il Rst Cal Disp/mod SmQIe-sm Full-speed Mfiles Quit
Dlsplw general help 1nforwaty
T
QPERATION REGISTERS
[] ] ALRMDIS | PAUSE | CH:CHG | 13BIT | GN:l | REF:REF
1. -- | ALRNDIS | IMMED | CHiCHL 13IIT GNiL | REF:RER
2| -- | ALRNDIS | INMED | CHiCH2 | 13BIT | GN:l | REFIREF
3 -~ | ALRNDIS | IWNED | CH:CK3 | 13BIT | GN:l | REF:REF
41 -- | ALRMDIS | INMED | CHiCHA | L3BIT | GNil | REF:REF
§ ¢ - | ALRNDIS | IMMED | CHICHS | I3BIT | GNil | REF:REF
6| <= | ALRMDIS | IMMED | CHiCHE | L3BIT | GNil | REF:REF
7 { LAST | ALRMDIS | IMMED | CHiCH? | I3BIT | GNil | REF:REF
SE 40 ALARM CONDITION = NO TEST  IN(pwn) = L (negated)
INDEX = AUTOL:10  ALARM A = ) DBRCpan) = L (negated)
TINER = 36741 ALARN B = )
C==“M OL‘1!$51=SLHST“ICI.I(=W=W'YI=!STR=MM———-
T IaTI,=CL PIE==RNERIE=ISQI E==0URNI E=ALRMIE==0VRCIE=DBRIE=—

W N === P=F{.¢ﬂ'=l§ﬂ==0=m==¢ M=0%RG==03R=
N\ - Y,
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.

( DISPLAY A/D DATA; Xstant -page +page Ycenter Scale Point BATIN Table
Select line graph display wse e \

5128

2568

-2560-

-5128-

k ] i1 w0 ) It 5 ‘ )

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.

[ SPECIFY NODE: MCTIZM Pause Nextto Fs.dly Sh.xsyn Xsyndly fh.xsyn Ts.dly \
OPERATION ]
REGISTER @ | Last | Alrwen |NLIRONE| Chan | Cucle | Gan | Ref ¢

9 | 660 | 860 00160 110 |
ALANIS | INWED [ chioke | 19BIT | oL [ REF:REF |

sS|-

Nnemonic

:‘c'!!"' a"_ Imediate execute
Set 1ntra-sequence pause bnl((I‘SQ) 1n status

register and wart for acknowle
18 NEXTTO  Start on next timeou
L1 FS.DLY  Preset timer and stant after timeout (fixed sawple)
88 SH.XSYN External sunchronous start (synchronous hold)
6L XSYNDLY Il%nt!or ext, sgnv,f then preset timer and

201

an eo
16 AH.XSUN External s!nnhrnnnus start (asynchronous hold)
11 TS.DLY Preset tiwer and start after timeout (tined sample)

8
[}
1
1
1

The wode f1eld specifyes ts.e condition which wust be wet hefore this

operation will he perfo
. J

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.

( !RIEL&MEIEHPI ACK REC: NALYM Roer Isq Oven Alew Xovrg Dbr Meate Stelr \

The mhm[: acknowledge vegister 1s a write-only register, The template
below must be set to the desired value and then a separate write 1ssued,

INTERRUPT ACRNOMLEDGE REGISTER TENPLATE
- [ Rz RAERAK [ 1SGAK | CURNAK | ALRMAR [ OVRGAR [ DBRRK |
0 | 68 | e 0 |8 ] [ ]

Each bt 1n the interrupt nknouledgl register cnrresponds to a bit 1n the
status register. Hriting 0 a hit 1n the interrupt acknowledge
register clears the cnrrespondlny bit 1n the status register. The status
register 15 displayed for reference.

STAILS REGISTER
[N cice TORMER IS T U T RIRM T 0G| DR

\ Te o1 e & e s o5 I8 D

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

REQUIRED HARDWARE

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

ORDERING INFORMATION

PART NUMBER DESCRIPTION
ML2200EX Exerciser System and a ML2200 Data Acquisition Peripheral
ML2208EX Exerciser System and a ML2208 Data Acquisition Peripheral
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September 1990
PRELIMINARY

ML2221

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

GENERAL DESCRIPTION

The ML2221 is a member of Micro Linear’s 12-bit plus
sign CMOS A/D 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 A/D 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.

FEATURES

m Nonlinearity error

a Conversion time
(including S/H acquisition)

m Harmonic distortion

» No missing codes

m Self calibrating — maintains accuracy over time
and temperature

= Inputs withstand |7V| beyond supplies

m Bipolar -5V to +5V analog input range

m Controlled or free run operation

m Direct 4-wire interface to uP (MPU) with
synchronous serial formats

m 0°C to +70°C, -40°C to +85°C temperature range

m 16-pin DIP

+34 LSB and £1 LSB max

44us max
0.01%

BLOCK DIAGRAM

VREF Vss

VINt O——— CONTROL[+—>© SCLK
SELF-CALIBRATING AND
12-BIT + SIGN A/D TIMING l¢—0 I3
AND
SAMPLE AND HOLD FUNCTION
VIN- O——

| l l

AGND RESET DGND

0 SCLKiN/OUT

[—>0 BUSY DGND

MSB

O
SHIFT
| REGISTER ©

PIN CONNECTION

16-PIN DIP

VINt
VIN-
VREF
Vss

SCLKiN/OUT

SCLK

DO

TOP VIEW

© Micro Linear 1990 -

b e e e gl Micro Linear
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ML2221

PIN DESCRIPTION

PIN PIN
NO. NAME FUNCTION NO. NAME FUNCTION
1 ViN+ Positive Differential Analog Input; . MSB Most Significant Bit is transmitted
range = Vss < V)y + = Ve, first if MSB is tied to Vg Least
[ViN®) = (VN =< VRer Significant Bit transmitted first if
2 ViN- Negative Differential Analog Input; MSB is tied to DGND.
range = Vss < Viy - < Vco 12 RESET Active Low Reset. The RESET
[(Vin®) = (VNG = VRer- period is set by the time constant
. f the internal 50K pull up resistor
3 VREF Voltage Reference Input; o h
and an external capacitor. After
refere.nced to analog ground. 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 SCLKjn/out  SCLK mode select conversions/transmissions based
SCLK\nvouT = 5V SCLK is an input upon the mode.
serial CLK. 13 CCLK+  Sets CCLK equal to internal clock
SCLKin/out = 0V; SCLK is an if tied to 5V. If tied to OV the
output serial CLK. internal clock equals CCLK/2.
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 c:)nt;o}l\lgﬂ ;?‘énle ?:, tt?r?] ’“’"';“‘i’f’.“ d
contains result of A/D conversion. clock hig o €s speciiied.
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 Y pin.
high to indicate that a conversion - 15 Vce 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 [ 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 (Ve oovvvviiieeiiiiiiiiiiiiieee 6.0V Temperature Range ....................... TmiN < Ta =< Tmax
Negative Supply Voltage (Vsg) .....eveverivenernnnn.n. -6.0V ML2221BI), ML222ICl] ...oevnivieninennen. -40°C to +85°C
Voltage at Analog ML2221BCP, ML2221CCP  .........ccoviinnnenn 0°C to +70°C
Inputs ... Vsg = 7V to Ve + 7V Supply Voltage (Vce) «vvvvvvvvinnnniniiin 4.5Vpc to 6.0Vpc
Voltage at VRgr «vvvvvvvviiiiiinnna.... Vss = 7V to Ve + 7V Negative Supply Voltage (Vsg) ........... -4.5Vpc to -6.0Vpc
Input Current per Digital Pin ........................ +10mA Reference Voltage (VRep) «ovvvvviiiiiiiiiiinnn i, Vee
Input Current at Analog Inputs ...................... +20mA
Storage Temperature Range ................. -65°C to +150°C
Package Dissipation at 25°C (Board Mount) .......... 875mwW
Lead Temperature (soldering 10 seconds)
Dual-In-Line Package (Molded) ...................... 260°C
Dual-In-Line Package (Ceramic) ..................... 300°C
2-36

I@&. Micro Linear



ML2221

ELECTRICAL CHARACTERISTICS
The following specifications apply for Vcc = +5V & 5%, Vss = =5V + 5%, Vggr = +4.75V, Vin- = AGND,
ViNt = —4.75V to +4.75V, Tp = TN to Tmax unless otherwise specified.

ML2221BIJ, ML2221Cl)

ML2221BCP, ML2221CCP

TYP TYP
PARAMETER NOTES CONDITIONS MIN |(Note 3)| MAX | MIN |(Note 3)| MAX | UNITS
Converter Characteristics
Linearity Error
ML2221BXX 4 |feck = 01 < 5MHz +34 +34 LSB
ML2221CXX +1 +1 LSB
Unadjusted Zero Error
ML2221BXX 4 +34 +34 LSB
ML2221CXX +2 +2 LSB
Unadjusted Positive and Negative 4 +5 +4 LSB
Full-Scale Error
Zero Error Temperature Coefficient 0.5 0.5 ppm/°C
Gain Temperature Coefficient 10 10 ppm/°C
Common Mode Rejection 5 6 80 80 dB
Analog Input Source Resistance 4 2 2 kQ
Analog Input Range 4 | V|\+ Referred to Vin- | —Vier +Veer | —VRer +VRer \%
Analog Input Leakage Current 4 100 100 nA
Voltage Reference Input Source 4 0.5 0.5 kQ
Impedance
Reference Input Leakage Current 4 100 100 nA
Digital and DC Characteristics
Power Supply Current
lee Vee 4 30 50 30 50 mA
|55, VSS 18 30 18 30 mA
Power Supply Rejection 7
Vee DC 80 80 dB
DC to 25kHz 50 50 dB
Vss DC 80 80 dB
DC to 25kHz 50 50 dB
Viicwke Clock Input Low Voltage 4 0.8 0.8 Vv
Viucik Clock Input High Voltage 4 35 Vee 35 Vee \%
I.1, Input Leakage Current (CCLK) 4 |AGND = V|y = Ve +200 +200 HA
Vj, Input Low Voltage 4 0.8 0.8 \Y
Vi, Input High Voltage 4 2.0 Vce 2.0 Vee \
Vo, Output Low Voltage 4 |loL = 20mA 0.45 0.45 \%
Vou, Output High Voltage 4 |lon = -400uA 24 24 \
I, Input Leakage Current 4 |AGND < V| < Ve +10 +10 MA
(except CLK)
Iz Output Leakage Current CS = Vi +10 +10 MA
C,, Input Capacitance 10 10 pF
(all digital inputs)
Co, Output Capacitance 5 10 10 pF
2-37
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ML2221

ELECTRICAI. CHARACTER'STICS (Continued)

SYMBOL PARAMETER NOTES CONDITIONS MIN (N:):: 3)| MAX | UNITS
AC Hlectrical Characteristics (Note 8)

tc Conversion Time 4,9 |fcok = SMHz (CCLK= = “0) 44 s
Sample and Hold Acquisition 4,9 |fcck = SMHz (CCLK= = “0") 32 Hs

feciko Clock Frequency 59 |Crystal (CCLK+ = “0") 3 5 MHz
Driven (CCLK+ = “0") A 5 MHz
feeko Clock Width 59 |Driven (CCLK+ = “0”)| High 50 ns
Low 50 ns

fcek Clock Frequency 5 Driven (CCLK-+ = “1”) 0.5 (Note | MHz

10)
feewka Clock Width 5 Driven (CCLK=+ = “1”)| High 150 ns
Low 150 ns
tess 'CS Low to BUSY Driven 4 85 ns
tesgHZ 'CS High to BUSY, Hi-Z 4 85 ns
tespA 'CS Low to BUSY 5 | CS, SCLKnt oF SCLKgxr 270 ns
tsckgA | SCLK High to BUSY 5 |Gated SCLK 270 ns
tcciksP CCLK Low to BUSY, Deassert 5 160 ns
tscik, po | Serial Clock Low to DO Valid/Hold 4 190 ns
tcs, Do 'CS Low to DO Driven 4 85 ns
tes, poHZ | CS High to DO Hi-Z 4 85 ns
tcs, coLkt CS Low Setup Time to CCLK! 4 Immediate Conversion Start 0 ns
tcs,scik | CS Low Setup to SCLK Low for 5 75 ns
No-Delay Data Transmit

tecik, sk | CCLK to SCLK Output Delay 5 SCLKn/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:  0°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: Common mode rejection is the ratio of the change in zero error to the change in common mode input range.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

Note 8: All parameters measured from 0.8V to 2.0V, C; = 50pF.

Note 9:  Maximum frequency is 1/tc k4 (high) + tc i (low) + rise + fall times, which must be < 2.5 MHz.
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DATA OUTPUT
OUTPUT ENABLE
CL 10k
;l— L VoH VOH-100mV
- - OUTPUT 50%
GND —————————=

Vcc
OUTPUT
10k ENABLE
DATA
OouTPUT
CL I
T OuTPUT 50%
= VoL +100mV

Figure 1. High Impedance Test Circuits and Waveforms

CCLK(CCLK+ = “1”)

INTERNAL CLK
= 124 INTERNAL CLKS |

sax / -/ . /S

SECOND
FIRST DATA BIT DATA BIT,_ DATA BIT

r---

—»| |<—tcciksD
*DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE

Figure 2. CS, SCLK Sourced Mode

120 V4l 123 124 125 /—\

= 124 INTERNAL CLKS 55 s>

tscLk, Do

CCLK(CCLK+ = “0”)

CCLK(CCLK— = “17)
INTERNAL CLK

DO o= — - - PREVIOUS * FIRST DATA BIT PREVIOUS * LAST DATA BIT ===

—> tcsB A —>| |=—tcs, po Hz

BUSY >

—] tcsg Hz

6§ = - —

tcckD—»

— f
S8 *DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE

Figure 3. CS, SCLK External Mode
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CCLK(CCLK+ = “1”)
INTERNAL CLK

l«—tsCLK, DO

DO L PREVIOUS * FIRST DATA BIT X

PREVIOUS * SECOND ~ PREVIOUS * 16TH
*DATA WILL BE MSB OR LSB FIRST DEPENDING ON “MSB” LOGIC STATE. \TA BIT DATA BIT
SCLKiN/OUT = “0”, CS = “0”, BUSY REMAINS “1”

Figure 4. FREERUN Mode

CCLK(CCLK= = “1”)

INTERNAL CLK m 12 13 14 1 2 3 4 5 6 7
— CONVERSION STARTS
BUSY
tccikg D—| [<— < tsCikB A

SCLK 1 m
-
) A *FIRST DATA BIT )Zr *SECOND DATA mM *THIRD DATA BIT X

SCLKin/ouT = 1, CS = 0 —| |=— tsck, po

*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

11  ALGORITHMIC A/D CONVERTER

Micro Linear’s algorithmic converter uses a successive
approximation 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
algorithmic 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
reference, 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 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% V|N) - VRege =0

then MSB = 1

(2 X VIN) = VRer—S/H
else MSB =0

(2 V[N)—'S/H

Step 2 If (2 x S/H) - VREF =0
then next bit = 1
(2 x S/H) - VRgg—S/H
else next bit = 0
(2 x S/H)—S/H

Step 3 Repeat Step 2 until conversion complete.

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

111 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
sampling amplifier 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 (Vger/Vger), and
examining the output code. Converting Vggr should
yield plus full scale, since Vggr/Vger 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 “1s”, 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.

VIN

K x VREF

>0?

v

GAIN OF LOOP =X2

COMPARATOR

S/H |«

Figure 6. Self Calibrating A/D Converter
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1.1.2 Conversion Times

The following table lists 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

11.3 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 V|\+ and one on V|\-. The
sample switch is kept in the sample mode for 8 internal
clocks (3.2us 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
A/D, after which the Vggr pin is sampled for 8 internal
clocks.

1.2 ANALOG INPUTS

1.21 Differential Inputs and Common Mode Rejection

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

* For a description of internal clocks see Clock section.

I 12113 .
BERNAL CLOCK I"u"u"u"l.i"u"u'\ﬂ.i'u'i.l‘uli'i.l'[l‘UT.!TJ'U'U'LTUU UL

l1 2 3 4 5 6!l7 8

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 1uF or greater
and 0.01uF disc ceramic capacitors are recommended
for bypassing Vcc as well as Vsg 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= pin is
tied to Vg, the frequency must be between 50KHz to
2.5MHz with the requirement that clock LOW (tcciki)
and clock HIGH (tccikn) durations must be more than
150ns. If the CCLK= 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.

28129 32133 48149

i | |

10 11 12 13 14l15 16117 18 19 20 21 22 23 24 |25 26

INTERNAL CLOCK
OR EXTERNAL CLOCK ruWuuﬂ_rLthmmmn_rLrLﬂrm_ﬂ_rmﬂﬂ_rLﬂ
CCLk— = “1”

| |
|

START OF CONVERSION

1 | |
| | |

I
|«———SAMPLING INPUT —] |«—— SAMPLING REFERENCE—>]

Figure 7. Sample and Hold Timing
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14 RESET

The RESET pin has an internal 100K 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 >6uF) 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 | (SCLKn/0uT) 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 SCLK\youT pin can be
changed to switch between either (FREERUN 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

CONVERSION TIME—>
[

1.51 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 starting 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= = 0V, 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 impedance 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.

/ N\

CONVERSION 1

A

CONVERSION 2

A

CONVERSION 3

s LEEREEEEEEEEE LR EEER EEEVEER R TR R R T e e e E e

|___XMIT PREVIOUS DATA | L
T 1 r

XMIT DATA 1 | |

XMIT DATA 2 |
1

NOTE: CONVERSION TIME EQUALS 124 INTERNAL CLOCK OR CCLK’S IF CCLK+ = “1”

Notes:
1. Use 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 1s 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

= 124 INTERNAL CLKS
cs

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= = 0V, 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 ML2221 is ready to
shift out the data serially after 124 internal clocks.

CONVERSION 1 L

L7777\ L7777\

CONVERSION 2

L CONVERSION 3 4 =

Il
1

I e N

/T

SO T T

XMIT
PREVIOUS
DATA XMIT DATA 1

Notes:

XMIT DATA 2

XMIT DATA 3

SRR

1. Use 10K pulldown resistor on BUSY pin to get “TRUE” convert BUSY status.
2. If CS 1s 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

shifter.
[ >*188 |
CONV 110 O) 18

BUSY I I

—

|—*64—>|

I

©)]

Pt

[ L

DO:2{:{2’:’::2’:2’::2::::::"””"‘”‘””]‘" DATA BIT 1 OF XMIT DATA 1 ml[[ﬂﬂ[”]" DATA BIT 1 OF XMIT DATA 2
DO

JUNK
XMIT DATA 1

DO
| S|
XMIT DATA 2

*NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK+ = “1”

Notes:

1. Use 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 s 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 A/D 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.

154 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

conversion at the first of the 16 SCLKS. Requests 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 = 0V, 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.

RESET /

CONVERSION L @ —+ ©) + + ® } ® } O
BUSY ____I *
scuxoun L O o

. //////////z//////mnﬂﬂiﬁcuammfmmwgwuuwmgn@r Z0Z0000)

*NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK+ = “1”

Note: DO is always driven.

Figure 10. FREERUN Mode

a. Serial Data Transmission < Conversion Time

it @

110 @ 1, A ® L,

*110
CONVERSION '

susv__[

SCLK

L

2
D1 _D2

oo J LTI

L L

15 16 15 16

12
D15_D16_ _Dbo_ DI D2__DI5 DI6

patA (D)

DATA D)

*NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK~ = “1”
Note: Time from first SCLK! to seventeenth SCLKt 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.

FIRST LAST

MSB = 1 |s]11|10|9|8|7|6|5\4|3|2|1|0’ | | '
ZERO FILL

FIRST LAST

MSB = 0 [0]1[2|3|4|5|6|7|8|9|10|11|s[s|s|s|
SIGN

EXTEND

b. Serial Data Transmission > Conversion Time

———t ®

CONVERSION [ — | - +—

o L_I l___l

o ZTTTTTTTITT ///I

T
©

XMIT DATA (D) XMIT DATA ()

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

Figure 11. Gated SCLK Mode
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ML2221
APPLICATIONS

START | MNEMONIC INSTRUCTION
START | BCLRn Bit 0 Port C goes low (CS goes low)
LDA Load contents of SPI data register into
Acc. (Doyt MSBs)
CSle- co STA Start next SPI cycle
SCLke Sck AND Clear 3 MSBs of first Doyt word
STA Store in memory location A (MSBs)
mL2221 6BHCOSC4 TST Test status of SPIF
_S?V BPL Loop to previous instruction if not
MSB done with transfer
Do MISO BSETn Set BO of Port C (CS goes high)
LDA Load contents of SPI data register into
Acc. (Doyr LSBs)
STA Store in memory location A + 1 (LSBs)

Do ___ B12|B11|B10| B9 | B3 B7| 86 | B5 | B4 | B3 | B2 | BI BO —_—— -

FEFFFFEE PR

WORD BYTE 1 . | BYTE 2 .
RECEIVED I TRANSFER 1 I TRANSFER !
RAM LOCATION A LOCATION A + 1
STORE

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

MODE 0
-5V TO +5V INPUT 8051
REFERENCED ViINt
TO AGN

VIN-

N — CCLK +5V
r2221]
s

ML2221 _T

D
{
l ‘ﬁ SCLKiN/oUT
MmL2221
| Vint O DO RXD/P3.0
o

SCLK ¢ TXD/P31
Gle P3.2
Vss AGND
Figure 13. Adjusting Zero Error Figure 14. 1 Mbps 8051 Interface
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-5V TO +5V
ANALOG

INPUT o 1y,

&
<

2.2K

o——

a
.||—I +—"W—0

ML2221 HPCL- J
2601
| Vint+
IN  AND
N sak sin out]
MSB
NAND
SCLKiNn/ouT 3 ouT J
= DS8830
AND |
our
NAND
outH

+
3]
<

|l}— o

28

Lajcik

:

HC299

el

IOmONm>

8088

DATA

W

-\
AOPRES /] pecope
Figure 15. Optical Isolated 8088 Interface
ORDERING INFORMATION
LINEARITY TOTAL TEMPERATURE

PART NUMBER ERROR UNADJUSTED ERROR RANGE PACKAGE
ML2221BCP +3% LSB ey 17 0°C to +70°C MOLDED DIP
ML2221BIJ -40°C to +85°C HERMETIC DIP
ML2221CCP +1 LSB +21 0°C to +70°C MOLDED DIP
ML2221Cl) -40°C to +85°C HERMETIC DIP
2-48
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PRELIMINARY

ML2222

Serial, CODEC/DSP Interface
12-Bit Plus Sign A/D Converter with S/H

GENERAL DESCRIPTION

The ML2222 is a member of Micro Linear’s 12-bit plus
sign CMOS A/D 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 A/D converters have a maximum nonlinearity
error over temperature of +0.012% or 10.024% 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.

FEATURES

m Standard communication industry protocol for
timing and frame sync

m Transmit clock from 64 KHz to 2.048 MHz

u Nonlinearity error +% LSB and *+1 LSB max

= Conversion time
(including S/H acquisition)

m Harmonic distortion

= No missing codes

m Self calibrating — maintains accuracy over time
and temperature

m Inputs withstand |7V| beyond supplies

m Bipolar -2.5V to +2.5V analog input range

m 0°C to +70°C, -40°C to +85°C temperature range

m 16-pin DIP

31.5us max
0.01%

BLOCK DIAGRAM

BYPASS

e ]

VREF Vss

—0
]

CCLK  Vcc Vec

VINt O—— CONTROL
SELF-CALIBRATING ND
12-BIT + SIGN A/D e

O BCLK

Al ————o0 TX
TIMING O FSX

AND
SAMPLE AND HOLD FUNCTION
VIN- O—— o
SHIFT
> REGISTER ©

l | |

AGND RESET DGND

PIN CONNECTION

16-Pin DIP
vin+ [} AGND
vin- [] Vce
Veer [] CCLK
vss [ BYPASS
Ve E RESET
DGND [] MsB
BCLK [] FSX
MSB DX [: TSX

TOP VIEW
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PRELIMINARY

ML2223

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

GENERAL DESCRIPTION

The ML2223 is a member of Micro Linear’s 12-bit plus
sign CMOS A/D 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 A/D 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 A/D 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 clock 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.

FEATURES

= RS-232 compatible asynchronous interface
m One- or two-wire data transmission
m Continuous or on-command conversions
m Nonlinearity error +% LSB and 1 LSB max
m Conversion time
(including S/H acquisition) 35.5us max
m Bipolar -5V to +5V analog input range with 5V
power supplies

“m Harmonic distortion 0.01%

= No missing codes

m Self calibrating — maintains accuracy over time
and temperature

m Inputs withstand |7V| beyond supplies

m 0°C to +70°C, -40°C to +85°C temperature range

= Standard .3" 16-pin DIP

BLOCK DIAGRAM

PIN CONNECTION

-Pi
VREF Vss BYPASS CCLK  Vcc 16-Pin DIP
]
T 1 T Vin+ |j 1 16 {] AGND
— MUX
L vin- ]2 15 [] Vec
—O INSCLK Veer [3 1 [] cak
+ - vss []4 13[7] Bypass
[0 SCLK INscik []5 1[] REser
Vint 0———
SELF-CALIBRATING UNIVERSAL |0 BUSY DGND [16 11[] CURR
12-BIT + SIGN A/D [¢—] ASYNCHRONOUS [ :I —
AND = sk []7 0[]
v SAMPLE AND HOLD FUNCTION el fou
IN- O—— AND pour []8 9] Busy
TIMING ——0 CURR ! i
L] TOP VIEW
—0 Dour
AGND RESET DGND
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PRELIMINARY

ML2230

pP Compatible 12-Bit Plus Sign A/D Converter

with Sample and Hold

GENERAL DESCRIPTION

The ML2230 is a member of Micro Linear’s 12-bit plus sign
CMOS A/D 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 result.

FEATURES

No missing codes

Self calibrating—maintains accuracy over time and
temperature

Inputs withstand |7V/| beyond supplies

Data transfer options—interrupt, DMA, or polling
Outputs data in two 8-bit bytes

Standard 24-pin DIP

® Resolution 12-bits +sign
= Conversion time

(including S/H acquisition) 31.5pus max
= Sample and hold acquisition 2.3pus max
= Non-linearity error +34LSB and £1LSB max
® | ow harmonic distortion 0.01%
|}
| ]

BLOCK DIAGRAM

VREF DVcc DGND

I I

—oO DO
—o D1

—o D2
Vin+ 0— 12-BIT + SIGN A/D DATA D3
AND 1/0 ° D4

ViN- O—{ SAMPLE AND HOLD FUNCTION LATCH [©

—O D5
—oO D6
|0 A0

T E WP |eo Al

CONTROL |¢0 C5
[0 WR

—o D7
AND
TIMING o RD
—»0 DAV

L—O CLK
SYNC

Lol

AVcc  Vss AGND

PIN CONNECTIONS

ML2230
24-PIN DIP
AGND [| 1 ~ 24 [] Avee
vin+ [] 2 23 [] cik
vin-[] 3 22 [] WR
VREF l: 4 21 ]ﬁ
vss [] 5 20 [ G5
DAV [| 6 19 [] A0
syNC [ 7 18] A1
oo [|s 17 |] o7
p1[]o 16 [] D6
b2 [] 10 15 [] DGND
03 ] 11 14 [] o5
Dvce [] 12 13 [] pa
TOP VIEW
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PIN DESCRIPTION

DIP__PCC__ NAME FUNCTION

DIP  PCC NAME FUNCTION

11 AGND
2 2 VIN+

Analog ground.

Positive differential analog input;
range=Vss<V|y+ <AV(c,
[Vin+) = ViN=)| = ViRer.
Negative differential analog input;
range =Vss<V|N— <AV(c,
[(Vin+) = (Vin=)| = Vier.

Voltage reference input; refer-
enced to analog ground.

Negative power supply; decouple
to AGND.

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

3 3 Vin-

4 4 Vier
5 5 Vss

6 8 DAV

7 9 SYNC  Inthe 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 1 D1 Bidirectional data bit.

10 13 D2 Bidirectional data bit.
11 14 D3 Bidirectional data bit.
12 15 DVce  Digital power supply. Tie to AVec

from same power supply.

13 16 D4
14 17 D5
15 18,19 DGND
16 20 D6

Bidirectional data bit.
Bidirectional data bit.
Digital ground.

Bidirectional data bit.

17 21 D7 Bidirectional data bit.

18 22 Al Address for the microprocessor
interface to access any one of the
four registers.

19 23 A0 Address for the microprocessor

interface to access any one of the
four registers.

Chip select; enables writing to or
reading from.

Read; enables ML2230 to drive
data bus.

Write; allows writing into the reg-
isters.

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 should be used and
leads should be kept short.)
Positive analog power supply. De-
couple to AGND. Tie to DV¢c¢
from same power supply.

20 24 cs
21 25 RD
22 26 WR

23 27 CLK

24 28 AVce

ABSOLUTE MAXIMUM RATINGS
(Note 1)

Supply Voltages (AVccand DVee) oo 6.0V
Negative Supply Voltage (Vsg) ... ooovvvvennnn. .. -6.0v
Voltage at Analog .

Inputs............oooiiiiiii, Vgs=7Vto AV +7V
Voltage at VRegp « o ovvvevveneieaninn Vss—7Vto AVec+7V
Input Current per Digital Pin . ...................... +10mA
Input Currentat AnalogInputs. . .................... +20mA
Storage Temperature Range............... —-65°Cto +150°C
Package Dissipation @25°C ............covvunn... 875mW
Lead Temperature soldering,

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

OPERATING CONDITIONS (Note 2)

Temperature Range ... 0°C to 70°C
Supply Voltage (AVcc and DVe) .......... 4.5Vpc to 6.0Vpc
Negative Supply Voltage (Vsg) ........... -4.5Vpc to -6.0Vpc

Reference Voltage (VRgp) -«.vvvvvviiiiiiniiiiineneniinn, 2.60V

@ Micro Linear
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ELECTRICAL CHARACTERISTICS
The following specifications apply for Vcc = +5V = 5%, Vss = -5V = 5%, Vger = +4.75V, ViN- = AGND,
ViNt = —4.75V to +4.75V, Tp = TN to Tmax unless otherwise specified.

TYP .
PARAMETER NOTES CONDITIONS MIN (Note 3) MAX UNITS
Converter Characteristics
Linearity Error
ML2230BXX 4 fcak = 01 < 7MHz +% LSB
MIL2230CXX feck = 01 < 7MHz +1 LSB
ML2230DXX fecwk = 01 < 5MHz +1 LSB
Unadjusted Zero Error
ML2230BXX 4 +3%4 LSB
ML2230CXX +2 LSB
ML2230DXX +2 LSB
Unadjusted Positive and Negative 5 +4 LSB
Full Scale Error
Zero Error Temperature Coefficient 0.5 ppm/°C
Gain Temperature Coefficient 10 ppm/°C
Common-Mode Rejection 56 80 dB
Analog Input Source Resistance 5 2 kQ
Analog Input Range 4 Vin* Refer to V- ~VRer +VRer \
Analog Input Leakage Current 4 100 nA
Voltage Reference Input 5 0.5 kQ
Source Impedance
Reference Input Leakage Current 4 100 nA
Digital and DC Characteristics
Power Supply Current
Alce, Analog Ve 4 30 50 mA
chc, Dlgltal VCC 10 [JA
Iss Vss 18 30 mA
Power Supply Rejection 7
AVee DC 80 dB
DC to 25kHz 50 dB
Vss DC 80 dB
DC to 25kHz 50 dB
Viick Clock Input Low Voltage 4 0.8 \Y
Vincw Clock Input High Voltage 4 35 AVce \%
I1, Input Leakage Current (CLK) 4 AGND =<|V|y =< AVcc +200 HA
V|, Input Low Voltage 4 0.8 \
Vi, Input High Voltage 4 20 DVcc \%
Voo, Output Low Voltage 4 loL = 20mA 0.45 \%
Von, Output High Voltage 4 lon = —400pA 24 \%
I, Input Leakage Current (except CLK) 4 AGND < V| < AVcc +10 PA
Iz Output Leakage Current (D0-D7) 4 RD =CS = Viy +10 HA
C,;, Input Capacitance (all digital inputs) 10 pF
Co, Output Capacitance 10 pF
(outputs DO to D7, and DAV)
2-53
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ML2230
ELECTRICAL CHARACTERISTICS (continued)

SYMBOL PARAMETER CONDITIONS MIN (Ngep 3) | MAX | UNITS
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |CLK Mode =0 fok = 70MHz 315 us
fok = 5.0MHz | 440 s
Sample and Hold Acquisition 4,9 |CLK Mode =0 fcik = 70MHz 23 Hs
folk = 5.0MHz 3.2 us
feko Clock Frequency 5,9 |Crystal (CLK Mode = 0) 3 7 MHz
Driven (CLK = Mode 0) 1 7 MHz
tcko Clock Width 5,9 |Driven High 50 ns
(CLK Mode = 0) Low 50 ns
fo Clock Frequency 5,10 |Driven (CLK Mode = 1) 0.5 (Note 11) | MHz
tow Clock Width 5,10 |Driven High 125 ns
(CLK Mode = 1) Low 125 ns
taD Address Stable to Valid Data 4 150 ns
tar Address Stable Before Read 4 0 ns
trA Address Hold After Read 4 0 ns
trRR Read Pulse Width 5 150 ns
trD Read Access 4 150 ns
ti1z toz |Data Read to Hi-Z 4 0 50 ns
try Recovery Between Two Reads 5 250 ns
or Writes )
trock” | Read to Clock Setup Time 5 12 40 ns
taw Address Stable Before Write 4 0 ns
twa Address Hold After Write 4 0 ns
tww Write Pulse Width 4 150 ns
tow Data Setup Before Write Trailing Edge| 4 100 ns
twp Data Hold After Write Trailing Edge 4 0 'ns
twrek | Write to Clock Setup Time 5 12 40 ns
tckpav | Clock to DAV Assert 4,13 |C_ = 50pF 120 220 ns
tsyncek | SYNC Input to Clock Setup 5 12 40 ns
tsynen | SYNC Input Width 5 |(CLK Mode = 0) 6 Vfciko
) (CLK Mode = 1) 3 ek
teksyne | External Clock to SYNC Output Delay| 5, 13 |C = 50pF 150 200 ns
tsynco | SYNC Output Pulse Width 5, 13 |(CLK Mode = 0) 8 fcrko
(CLK Mode = 1) 4 ik
twrpav | Write Reg2 to DAV Rising Edge 4, 14 |C, = 50pF 170 ns
tropav | Read Reg0 to DAV Rising Edge 4,15 |C, = 50pF 170 ns
t, t Rise and Fall All Inputs 25 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: 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: Common mode rejection is the ratio of the change in zero error to the change in common mode input range.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

Note 8: All parameters measured from 0.8V to 2.0V, C; = 100pF.

Note 9: CK1X bit in control register = 0.

Note 10: CK1X bit in control register = 1.

Note 11: Maximum frequency is 1/tc xq (high) + to q (low) + rise + fall times and < 3.5MHz.

Note 12: Setup time required for synévonous start of conversion.

Note 13: In CLK mode = 0 (CK1X bit in control register = 0) start of conversion will occur at specified time; or time plus one fc o period (see
Figure 5). I

Note 14: Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output.

Note 15: In start mode = 1, a read from location “0” will start the next conversion and de-assert the DAV output.
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TIMING DIAGRAMS

tAD: —»| tRA |—
. v
A0, A1,CS )g E(
tAR tRR |
— 4 \ .
RD
/ N ’!Z
trv tRD —| —»| |[w—tiz,t0z
/ N
DATA BUS HIGHZ >§k VALID 7§< HIGH Z
Figure 1. Read Cycle
— —twA
A0, A1,CS )]‘
[ AW ———>| | -~ twD
"4 o
DATA BUS INVALID )g VALID X INVALID
tow
\ —
WR N /

tRv tww

CLK, MODE =0

—
CLK, MODE = 1 —\ / \
—

Wi \ 7(
CLK, MODE =1 ———\ J \
—

CLK, MODE = 0 \ / \
—> tckpav
DAV \
trRDD
RD
FIRST BYTE SECOND BYTE

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY.
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION.

Figure 3. Data Available

CLK, MODE =1 —\ / ‘—\ (———/——
CLK, MODE = 0 7{—_L r-—_\__—

— |&— tCKSYNC — tCKSYNC

L N
SYNCOUT /
..: YNCO

Figure 4. SYNC Output
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TIMING DIAGRAMS (Continued)

START OF CONVERSION START OF CONVERSION
(NOTE 2) (NOTE 3)
CLK !
(NOTE 1) y l
—» [ tSYNCCK |
SYNCIN a t
(START MODE 3) |
(M/S=0) |
tSYNCN T |

tWRCK—»] |
WR j
(START MODE 0) }
| tRDCK |

- +

(START MODE 1) To T',
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Figure 5. Start of Conversion (Start Mode 0,1,3)
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Figure 6. Block Schematic Diagram

2-56 @ Micro Linear



ML2230

FUNCTIONAL DESCRIPTION

ALGORITHMIC A/D 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 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
then MSB = 1
(2 X ViN) = VRep—S/H
else MSB =0
(2 % Vjn)—S/H
Step2  If (2 x S/H) - Vger = 0
then next bit = 1
(2 x S/H) — VRge—S/H
else next bit = 0
(2 x S/H)—S/H
Step 3 Repeat Step 2 until conversion complete.

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

VIN TRIM C
l CAPS (_l
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2C
TRIM
CAPS C I

GAIN OF LOOP =X2

COMPARATOR

S/H

[y

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 of the 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 (Vger/VRep), and examining the output code.
Converting Vggr should yield plus full scale, since Vggg/
Vger 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 ““1s”’,
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 A/D conversion actually takes place.

OPERATION # OF INTERNAL CLOCKS*
8 bitA/D 80
13 bit AID 110
CALWR 52
CALRD 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 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 inputs pins; one on
ViN+ and one on V| —. The sample switch is kept in the
sample mode for 8 internal clocks (2.3us 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 A/D, after which the Vggr 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 0O, 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.

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
V|N+ and VN — 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 1uF or greater
and 0.01xF disc ceramic capacitors are recommended for
bypassing AV as well as Vss to AGND. These capacitors
should be placed close to the AV and Vs pins.

MICROPROCESSOR INTERFACE

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 AO and A1.

EXTERNAL
cock UL UUUU U UL UL LU UL UL
(CLKMODE 0) |
INTERNAL
CLOCK )
OR (CLKMODE 1)

| | |
| | |
SYNCPIN [ — | | |
(MASTER MODE) | | | |
# t + +
f J«———— SAMPLING INPUT | } SAMPLING REFERENCE ——]
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 +Max —Min Zero
13 OFFF FO0O0 0000
8 007F FF80 0000
REGISTER DESCRIPTION

Register 0—Data Buffer Low Byte:

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 1—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.

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 M/S bit in the Control
High Byte register.

Bit 2 (ADRDY status when READ/DOCAL 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 (default)
SC=1: 8-bit conversion (short cycle)

READ ADDRESS WRITE

7 6 5 4 3 2 1

A1 A0

7 6 5 4 3 2 1 0

DATA BUFFER LOWBYTE I D7 D6 D5 D4 D3 D2 D1

oo | o0

START CONVERSION

[ cALCODE HOLDING LOWBYTE REGISTER IF SMDE =0 OR2

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0

DATA BUFFER HIGHBYTE LDIS D14 D13 D12 D11 D10 D9 DB]

| CALCODEHOLDING HIGHBYTE REGISTER |

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0

controLiowsvie | o o | smoe | sc Jabrov]susy]pav]

[ o o] smoe [ sc Joocaifreser{RY

00: START IF REGO IS WRITTEN ———
01: START IF REGO/1 IS READ
10: CONTINUOUS CONVERSIONS

AFTER REG 0 IS WRITTEN
11: START IF SYNC GOES HIGH ——

SHORTCYCLE 0 =13-BIT, 1=8-BIT

WRITING 1
ACKNOWLEDGE DAV
WRITING 1 RESETS THE CHIP
WRITING 1 REQUEST A CALIBRATION

SHORT CYCLE
CHIP CALIBRATED STATUS START MODES
CONV BUSY STATUS
DAV STATUS
7 6 5 4 3 2 1 o 7 6 5 4 3 2 1 o
cONTROLHIGHBYTE | X [DMA [ fckax| mss | TMDE 1 [ o Joma] unfcaxfms] o o o}
UNUSED L_vestmopE 'L_NORMAL A/D CONVERSION
1T |:o: SLAVE MODE, SYNC IS AN INPUT (DEFAULT)
1: MASTER MODE, SYNC IS AN OUTPUT

0: fcLk = 0 DIVIDED BY 2 INTERNALLY (DEFAULT) MAXIMUM INPUT CLOCK FREQUENCY IS 8MHz
1: fcLk = 1 MAXIMUM INPUT CLOCK FREQUENCY IS 4 MHz

0: HIGH BYTE IS READ FIRST THEN LOW BYTE
1: LOW BYTE IS READ FIRST THEN HIGH BYTE

0: NON DMA MODE. REG00 HAS LOW BYTE, REGO1 HAS HIGH BYTE (DEFAULT)
1: DMA MODE. READ REGO00 TWICE TO GET BOTH BYTES

(Figure 9. Register Description
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FUNCTIONAL DESCRIPTION (Continued)

Note: For 8-bit conversions in non-DMA mode, only one
byte needs to be read. This can be accomplished by set-
ting L/H=0, DMA =0 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 Start Conversion upon writing to register O
(default) '

01 Start Conversion upon reading register 0 if
L/H =0, or Start Conversion upon reading reg-
ister 1if L/H=1. In DMA mode both bytes
need to be read. The second byte read will
Start Conversion.

10 Start Continuous Conversions upon writing to
register 0.

11 Start on external SYNC input going high (Re-

quires Slave mode: M/S=0)

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 A/D Conversion
001 Reserved by Micro Linear (Do Not Use)
010 CALWR Operation
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 =0: Slave Mode SYNC is an input which is used
to trigger a conversion if

SMDE=11.

SYNC is an output. At the begin-
ning of every conversion, SYNC
is high for 4 internal clocks.

Bit 4 (CK1X: 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.

M/S = 1: Master Mode

CK1X=1: the external clock input is used
directly as the internal clock.
This is referred to as CLK

Mode=1.
Bit 5 (L/H: Low Byte/High Byte):

In non-DMA mode the L/H bit defines whether DAVB is
deactivated by reading the Data Low Byte or Data High
Byte. In DMA mode, the L/H bit defines the order in which
the Low/High Data Bytes are presented to the data bus.
DMA mode automatically deactivates DAVB after both
bytes are read. )

*non-DMA mode: DMA=0

L/H=0: reading register O (Low Byte)
will de-assert DAVB
L/H=1: reading register 1 (High Byte)

will de-assert DAVB
*DMA mode: DMA=1

L/H=0: the first read is the Data High
Byte, and the second read is the
Data Low Byte, then DAVB out-
put is de-asserted

L/H=1: the first read is the Data Low

Byte, and the second read is the
Data High Byte, then DAVB 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.

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 1/O device can use a sin-
gle /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 L/H
control bit.

Note: This feature is not restricted to DMA controllers. It is
an 1/O option which may be used by a DMA controller,

DMA=1:

CK1X=0: the external clock is divided by microprocessor, or any other type of 1/O device.
two and used as the internal Bit7 R d by Micro Li
clock. This is referred to as CLK ! eserved by Micro Linear)
Mode=0. 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: A write to register O 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. Start Conversion upon
reading register 0 if L/H =0, or Start Conversion
upon reading register 1 if L/H=1. In DMA mode
both bytes need to be read. The second byte read
will Start the Conversion.

10:  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 M/S bit in the Control High Byte 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
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 A/D conversion result is double-buffered using the
Data Buffer registers and the A/D 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 Figure 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 DAVB output goes low.

A calibration requires 8,260 internal clocks. Using a 7MHz
clock (CLK Mode =0), 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 CONVERSION 2 START OF CONVERSION 3

START OF CONVERSION 1 END OF CONVERSION 1

<— CONVERSION 1

. DATA 1 AVAILABLE

END OF CONVERSION 2

CONVERSION 2 —{<«—— CONVERSION 3 —>

. DATA 2 AVAILABLE
F

Figure 10

N - -
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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 CK1X bit in the Control
register. When CK1X=0 the clock is divided by 2. This is
referred to as CLK Mode =0. 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 =0:

There are two advantages to CLK Mode 0. 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 O is
that the duty cycle for a driven clock is less stringent than
in CLK Mode 1. (Refer to tc ko and tcikq 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.

twrck trock. and tsyncek 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.

CLK Mode=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 of the twrck, trRock, and tsyncck requirements.

EXTERNAL
CLOCK
(CLKMODE =0)

L1 1

I L

INTERNAL
CLOCK*

|

L LI

*INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLKMODE =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 A/D conversion. Default condition after a
software reset.

TMDE=001: Reserved by Micro Linear.

TMDE=010: 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 A/D 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 = 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 V|y + 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 Vggr. 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 Vggr 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
and Hold to analog ground and the negative input to Vggr.
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 A/D
converter’s calibration register and data register via a
CALRD and CALWR. Figure 12 illustrates this architecture.
This in effect allows a digital loopback.

r-—-—-——---"-""_— —F— ~(¥—F ¥ —F ¥—/ ¥/ T !
| REGISTERS | A/D CONVERTER ‘
| A1 A0 WR RB & 0 | |
[ o o o 1 o [ CALCODEHOLDING LOWBYTE | | |
| | |
| , ) 1 |
| © 1 0 1 o [CALCODEHOLDINGHIGHBYTE | | |
! T | |
l | 1 {l‘ 0|
l | CALIBRATION | REGISTER | |
15 0 15 ~ > 0
! | temeorary | REGISTER |<—}-—-| A/D DATA | REGISTER | ;
| A1 A0 WR RD G 7 ~_ 0 | |
© 1 1 0 o | DAABUFFERHIGHBYTE |
| | |
| | |
| 0 | |
[o o 1 o o] opansurrertowsviE | | |
.- 4 _ 4

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 any one of the four
modes, the contents of the CALCODE Holding Low Byte
and High Byte registers are transferred into the A/D 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 A/D’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 A/D 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 executinga CALRD, the calibration failed;
otherwise the calibration is successful.
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FUNCTIONAL DESCRIPTION (Continued)

+5V
5 AVcc
DO-D7 D0-D7 «
LATCH )
DVcc
ALE > AT1,A0 <
RD S Vss
RD -»|’D [—— -5V
WR W VREF +
WR —| WR [—REFY | 2.5V EXTERNAL
8048 v ML2230 | AGND REFERENCE
ADDRESS — N
l DECODE '——» cs DGND,
INT ¢ DAV
VIN+ [e—— ] ANALOG
Vin- }e INPUT

PI2 —»] SYNC CLK j

Figure 13. Interfacing to 8048 Microcontroller

L. N +5V
A1,A0 i ) A1,A0 AVce

7 <

8y DVcc
D0-D7 i }) D0-D7 +

L |4

\ e ) A s gy
R'W -

RD
T—D — VRer + 2.5V
02 O:DO—’ WR | ¢——— EXTERNAL
MA REFERENCE
+5V A3-A15 cs
(OPTIONAL) AGN
3K GND
_ DGND
iRQ je—e DAV
6800 ML2230 =
VIN + | ¢&——
FROM SYSTEM ] ANALOG
HARDWARE
cLocksor 1T ¥|SYNC  ViN-je—
TIMERS CLK

ul—iﬂi—l

Figure 14. Interfacing to 6800 Microprocessor
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ORDERING INFORMATION

LINEARITY MINIMUM TEMPERATURE
PART NUMBER ERROR CONVERSION RANGE PACKAGE
ML2230BC] +3% LSB 31.5us 0°C to +70°C Hermetic DIP
ML2230CC) +1 LSB 31.5us 0°C to +70°C Hermetic DIP
ML2230DCJ +1 LSB 44.0us 0°C to +70°C Hermetic DIP
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PRELIMINARY

ML2233

pP Compatible 12-Bit Plus Sign A/D Converter

with Sample and Hold

GENERAL DESCRIPTION

The ML2233 is a member of Micro Linear’s 12-bit plus sign
CMOS A/D 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-bit
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.

FEATURES
® Resolution 12-bits +sign
= Conversion time
(including S/H acquisition) 31.5us max
= Sample and hold acquisition 2.3us max
= Non-linearity error +34LSB and +1LSB max
= | ow harmonic distortion 0.01%
= No missing codes
= Self calibrating—maintains accuracy over time and
temperature ‘
® |nputs withstand |7V| beyond supplies
® Data transfer options—interrupt, DMA, or polling
= 13-bit result for 16-bit bus interface
= Standard 28-pin DIP

BLOCK DIAGRAM

VREF DVcc DGND

[ [

VIN + O— 12-BIT + SIGN A/D

AND
ViN- O SAMPLE AND HOLD FUNCTION :>

DATA
LATCH |—O D7

P

¥ leo
contRoL [0 wr
AND WR
TIMING |¢0

L

AVce Vss AGND

PIN CONNECTIONS

ML2233
28-PIN DIP
A
AGND [] 1 28 [] Avce
vin+ [ 2 27 [] ck
Vin- [ 3 26 ] WR
Veer [] 4 s [] %
vss [ 5 ul]c
pav []e 23 [] Ao
sywe [ 7 22 [] o12
po[]s 21{] b
pif]o 20 [] DGND
p2[] 10 19 {] p1o
o3 [ 11 18 [] D9
D4 [] 12 17 [] o8
s [] 13 16 [] D7
D6 [] 14 15 ;] DVcc
TOP VIEW
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PIN DESCRIPTION
PINNO. NAME FUNCTION PIN NO. NAME FUNCTION

1 AGND  Analog ground. 16 D7 Bidirectional data bit.

2 ViN+  Positive differential analog input; 17 D8 Bidirectional data bit.
range=Vss<V|N+ <AV((, 18 D9  Bidirectional data bit.
|(VlN"f)“(\_/|N‘)| =VRer. 19 D10  Bidirectional data bit.

3 Vin—  Negative differential analog input; 20 DGND  Digital ground.
range=Vss <Vin - <AVcc, 21 D11 Bidirectional data bit.

[(Vin+) = (ViN=)| = VRer- L oo

4 Vgrer  Voltage reference input; referenced 22 D12 Bidirectional data‘blt. .

to analog ground. 23 A0 ?\ddrtess for the m]c:troprocessor inter-
. . ace to access registers.

> Vs Xlég,\?g\‘/e power supply; decouple to 24 CS  Chip select; enables writing to or

6 DAV Data available; indicates a conver- — reading from. .
sion has completed and data is avail- 25 RD  Read; enables ML2233 to drive data
able or calibration completed. ___ bus

7 SYNC  Inthe slave mode, SYNC is a positive 26 WR  Write; allows writing into the
edge triggered input used to start registers. .
aconversion. In master mode, SYNC 27 CLK . Clock input. Driven with an exter-
is an output and indicates conversion nal clock or crystal referenced to
start. DGND. The crystal must be parallel

8 DO Bidirectional data bit. resonant with minimum capacitive

- . loading. (i.e., no bypass caps should

’ D1 Bidirectional data bit. be used and feads should be kept

10 D2 Bidirectional data bit. short.)

1 D3 de!rectfonal data b!t. 28 AVce  Positive analog power supply.

12 D4  Bidirectional data bit. Decouple to AGND. Tie to

13 D5 Bidirectional data bit. DV¢c from same

14 D6 Bidirectional data bit. power supply.

15 DVce  Digital power supply.

ABSOLUTE MAXIMUM RATINGS
(Note 1)

Supply Voltages (AVecand DVeg) ovvvvvvviiinnninn. 6.0V
Negative Supply Voltage (Vsg) - .« ovvvvennvnnnnn ... -6.0V
Voltage at Analog

Inputs. ... Vss=7Vto AVcc+7V
VoltageatVRep <. oovveenieniain.. Vss =7V to AVec+7V
Input Current per Digital Pin ....................... +10mA
Input Currentat AnalogInputs. . .................... +20mA
Storage TemperatureRange............... -65°Cto +150°C
Package Dissipation @25°C ..............ccovvn... 875mwW
Lead Temperature (soldering, 10 seconds)

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

OPERATING CONDITIONS (Note 2)

Temperature Range ... 0°C to 70°C
Supply Voltage (AVce and DVee) ... 4.5Vpc to 6.0Vpc
Negative Supply Voltage (Vss) ........... -4.5Vpc to -6.0Vpc
Reference Voltage (VRgp) «vvvvvvnveiiiiiiiiiiinaiaets 2.60V
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ELECTRICAL CHARACTERISTICS
The following specifications apply for AVce = DVce = 5V £ 5%, Vss = -5V + 5%, Vrer = 2.500V, Vin- = AGND,
VINt = 2.5V to +2.5V, Tp = TN to Tpmax unless otherwise specified.

TYP
PARAMETER NOTES CONDITIONS MIN (Note 3) MAX UNITS
Converter Characteristics
Linearity Error
ML2233BC) 4 |fcak = 01 < 7MHz +3% LSB
ML2233CC) fecik = 01 < 7MHz +1 LSB
ML2233DCJ fcck = 01 = 5MHz +1 LSB
Unadjusted Zero Error
ML2233BC) 4 +3%4 LSB
ML2233CC) +2 LSB
ML2233DC) +2 LSB
Unadjusted Positive and Negative 5 +4 LSB
Full Scale Error
Zero Error Temperature Coefficient 0.5 ppm/°C
Gain Temperature Coefficient 10 ppm/°C
Common-Mode Rejection 5 6 80 dB
Analog Input Source Resistance 5 2 kQ
Analog Input Range 4 | V|\* Referred to Vi ~VRer +VRer \Y
Analog Input Leakage Current 4 100 nA
Voltage Reference Input 5 0.5 kQ
Source Impedance .
Reference Input Leakage Current 4 100 nA
Digital and DC Characteristics
Power Supply Current
Alcg, Analog Ve 4 30 50 mA
Dlcc, Digital Vce 10 HA
|55, VSS 18 30 mA
Power Supply Rejection 7
AVce DC 80 dB
DC to 25kHz 50 dB
Vss DC 80 dB
DC to 25kHz 50 dB
ViLcwk Clock Input Low Voltage 4 0.8 \
ViHcwk Clock Input High Voltage 4 35 AVcee Vv
It1, Input Leakage Current (CLK) 4 AGND < V|y = AVcc +200 MA
Vi, Input Low Voltage 4 0.8 \%
Viy, Input High Voltage 4 2.0 DVcc \%
Vo, Output Low Voltage 4 lop = 20mA 0.45 \Y
Von, Output High Voltage 4 lon = —400pA 24 \Y
I, Input Leakage Current (except CLK) 4 AGND = V|y = AVcc +10 HA
Iz, Output Leakage Current (D0-D12) 4 [RD=CS=Vy +10 uA
Cy, Input Capacitance (all digital inputs) 10 pF
Co, Output Capacitance 10 pF
(outputs DO to D12, SYNC and DAV)
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ML2233
ELECTRICAL CHARACTERISTICS (continued)

SYMBOL PARAMETER CONDITIONS MIN (N.I(-)I: 3) MAX UNITS
AC Electrical Characteristics (Note 8)
tc Conversion Time 4,9 |CLK Mode =0 fcik = 7Z0MHz 315 s
foik = 5.0MHz | 440 us
Sample and Hold Acquisition 4,9 |CLK Mode =0 fok = 70MHz 23 us
folk = 5.0MHz 32 us
feiko Clock Frequency 59 |CLK Mode =0 Crystal 3 7 MHz
Driven 1 7 MHz
tciko Clock Width 59 |Driven High 50 ns
(CLK Mode = 0) Low 50 ns
ek Clock Frequency 5,10 |Driven (CLK Mode = 1) 0.5 (Note 11)| MHz
tew Clock Width 5,10 |Driven High 125 ns
(CLK Mode = 1) Low 125 ns
tap Address Stable to Valid Data 4 150 ns
tar Address Stable Before Read 4 0 ’ ns
tra Address Hold After Read 4 0 ns
tRR Read Pulse Width 4 150 | ns
trD Read Access 4 150 ns
tiz, toz |Data Read to Hi-Z 4 0 . 50 ns
try Recovery Between Two Reads 5 250 ns
or Writes
tepck | Read to Clock Setup Time 5 12 40 ns
taw Address Stable Before Write 4 0 ns
twa Address Hold After Write 4 0 ns
tww Write Pulse Width 4 150 ns
tow Data Setup Before Write Trailing Edge| 4 100 ns
twp Data Hold After Write Trailing Edge 4 0 ns
twrck | Write to Clock Setup Time 5 12 40 ns
teckoav | Clock to DAV Assert 4,13 |C, = 50pF 120 220 ns
tsyncek | SYNC Input to Clock Setup 5 12 40 ns
teywen | SYNC Input Width 5  |(CLK Mode = 0) 6 ko
(CLK Mode = 1) 3 Wik
tcksyne | External Clock to SYNC Output Delay| 5, 13 |Cp = 50pF 150 200 ns
tsynco | SYNC Output Pulse Width 5,13 |(CLK Mode = 0) 8 ko
(CLK Mode = 1) 4 Ve
twrpav | Write Reg2 to DAV Rising Edge 4, 14 |C_ = 50pF 170 ns
tropav | Read Reg0 to DAV Rising Edge 4,15 |C, = 50pF 170 ns
t, t Rise and Fall All Inputs 25 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: Devices are 100% tested with temperature imits 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: Common mode rejection s the ratio of the change in zero error to tﬁe change in common mode input range.

Note 7:  Power supply rejection is the ratio of the change in zero error to the change in power supply voltage.

Note 8: All parameters measured from 0.8V to 2.0V, C; = 100pF.

Note 9: CK1X bit in control register = 0.

Note 10: CK1X bit in control register = 1.

Note 11: Maximum frequency is 1/tciq (high) + tcq (low) + rise + fall imes and < 3.5MHz.

Note 12: Setup time required for synéwonous start of conversion.

Note 13: In CLK mode = 0 (CK1X bit in control register = 0) start of conversion will occur at specified time; or time plus one fg ¢, period (see
Figure 5). B

Note 14: Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output.

Note 15: In start mode = 1, a read from location “0” will start the next conversion and de-assert the DAV output.
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TIMING DIAGRAMS
A0,CS ‘X :(
———

3
)
Pl
] -

trv tRD -—t1z, toz
L
DATA BUS HIGH Z >] VALID J HIGHZ
Figure 1. Read Cycle
—> | -—twA
— 4
A0,CS
-
taw —> — «—twD
s s
DATA BUS INVALID § VALID INVALID
tow
_ \ c
WR )

#
trRv tww

Figure 2. Write Cycle

—/
t / N
CLK, MODE = 0 jl_\ /_\——

—> tckDAv
—
DAV /

CLK, MODE = 1 f . \

CLK, MODE =1

CLK, MODE = 0 / \ / \
—> tckpav
DAV
troD
RD
FIRST BYTE SECOND BYTE

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY.
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION.

Figure 3. Data Available

oo NN\

|<&— tCKSYNC —> tcKSYNC

SYNCOUT ; 7

tsYNCO

Figure 4. SYNC Output

CLK, MODE = 1
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TIMING DIAGRAMS (Continued)

START OF CONVERSION
(NOTE2)

CLK
(NOTE 1) 7

START OF CONVERSION
(NOTE3)

|
?

—»  |=—tsyNCCK |

SYNCIN r :

(START MODE 3) |

(M/S=0) |

tSYNCN —T |

tWRCK—> J

WR i

(START MODE 0) ;

I tRDCK |

1

i |

(START MODE 1) To T
NOTES:

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN.

2. INCLK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET.
3. INCLKMODE 0, WILL OCCUR EITHER AT TO OR T1IF SETUP TIMES ARE MET.

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

BLOCK DIAGRAM

CLK ———» osc
DATA CLK DATA CLOCK
p GENERATOR
-2 >
> TEMPORARY
T |  REGISTER
L 2 SYNC
T N LoGic [ SYNC
MUX  Sle— 13 <
CIK l $ DATA BUFFER
DATA REGISTER
DAV
ocic [—>DA
TART
VIN+ ——»] — STAR «— ki
BUSY START
VIN = ————> > LOGIC <
E
VREF ————» 12-BIT oc > DATA
+ SIGN BUS
A/D, 2 J SMDE
SAMPLE AND cKix
AGND —————p] HOLD 13 DATA 13
DOCAL D0-D12
Vss ———» « ONTRO /0
CONTROL BUFFERS
AVce — REGISTER <—__—_—_>
ADRDY |
9 sC
— 13
'3/L CALCODE ::t
HOLDING
7 REGISTER ¢ A0
uP —— S
CONTROL <: INTERFACE WE
BUS ¢
l«———FRD
‘VV
Figure 6. Block Schematic Diagram
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FUNCTIONAL DESCRIPTION

ALGORITHMIC A/D 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 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 timmed. Micro Linear’s algorithmic converter
is implemented using a 2x ampilifier, 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
then MSB = 1
(2 x VIN) = VRee—S/H
else MSB =0
(2 x Vin—S/H
Step 2 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
Step 3 Repeat Step 2 until conversion complete.

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

VIN
K x VREF
+ +
I MUX |-—> P [ ——VREF
Y

1 K=1,0,-1

» >0?
GAIN OF LOOP = X2
COMPARATOR
S/H <

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 of the 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 (Vgrer/Vgep), and examining the output code.
Converting Vger should yield plus full scale, since Vgeg/
Vger 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 “1s”’,
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.

N — - -
kgl Micro Linear

2-73




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 A/D conversion actually takes place.

OPERATION # OF INTERNAL CLOCKS*
8 bit AID 80
13 bit AID 110
CALWR 52
CALRD 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 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 inputs pins; one on
V|n+ and one on Vg —. The sample switch is kept in the
sample mode for 8 internal clocks (2.3pus 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 A/D, after which the Vggg 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 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.

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 VN — 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 1uF or greater

and 0.01uF disc ceramic capacitors are recommended for
bypassing AVcc as well as Vsg to AGND. These capacitors
should be placed close to the AV and Vsg 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 results. 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.

EXTERNAL

(CLK MODE 0)
INTERNAL 18 9

OR (CLK MODE 1)

|

|

SYNC PIN |
(MASTER MODE)

|
|
|
!

START OF CONVERSION

SAMPLING REFERENCE ——-b'

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 +Max —Min Zero
13 OFFF 1000 0000
8 007F 1F80 0000
REGISTER DESCRIPTION

Register 0—Data Buffer:

Register O contains the results 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 1—CONTROL Register:

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. 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.

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:

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 M/S bit in the Control
register.

Bit 2 (ADRDY status when READ/DOCAL request when a
ONE is written):

Reading ADRDY =0 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.

ADDRESS
READ A0 'WRITE
12 1 10 9 8 7 6 5 4 3 2 1 0 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA BUFFER REG [ 13-BIT CONVERTED DATA ] o | CALCODE HOLDING REGISTER R s ON
2 11 10 9 8 7 6 5 4 3 2 1 0 2 1 10 9 8 7 6 5 4 3 2 1 0
controLReG fekims] e [ oo | swoe [sc[iRJeusfoa] 1 fexodmis] tvoe [ oo T smoe [ sc[8Q[rst[RaY
T_writING 1
DAVSTATUS ACKNOWLEDGES DAV
CONV BUSY STATUS WRITING 1 RESETS CHIP
CHIP CALIBRATED STATUS WRITING 1 REQUESTS A CALIBRATION
SHORT CYCLE SHORT CYCLE 0= 13-BIT, 1=8-BIT
00: START IF REGO IS WRITTEN START MODES
01 START IF REGO IS READ
10 CONTINUOUS CONVERSIONS 000 NORMAL A/D CONVERSION
AFTER REGO IS WRITTEN
11 START IF SYNC GOES HIGH 0. SLAVE MODE, SYNC IS AN INPUT (DEFAULT)
1" MASTER MODE, SYNC IS AN OUTPUT
TEST MODE
L MASTER/SLAVE
L— 0 fcux =0, CLK DIVIDED BY 2 INTERNALLY (DEFAULT)
MAXIMUM INPUT CLOCK FREQUENCY IS 7MHz

'— 1.fcik = 1, CLK DRIVES INTERNAL LOGIC DIRECTLY
MAXIMUM INPUT CLOCK FREQUENCY IS 3.5MHz.

Figure 9. Register Description
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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 Start Conversion upon writing to register 0
(default)
01 Start Conversion upon reading register 0
10 Start Continuous Conversions upon writing to
register 0.
11 Start on external SYNC input going high
(Requires Slave mode: M/S=0)
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 A/D conversion. See
Diagnostics for more information.

TMDE Description
000 Normal A/D Conversion
001 Reserved by Micro Linear (Do Not Use)
010 CALWR Operation
011 CALRD Operation
100 System Offset
101 Common-mode
110 Plus Full Scale
111 Minus Full Scale

Bit 11 (M/S: Master/Slave bit):

Dictates whether the SYNC pin is an input or an output.
Upon RESET, this bit is cleared.

M/S=0: Slave Mode SYNC is an input which is used
to trigger a conversion if

SMDE=11.

SYNC is an output. At the begin-
ning of every conversion, SYNC
is high for 4 internal clocks.

Bit 12 (CK1X: clock select bit):

Selects whether the external clock will be divided by two
or used directly as the internal clock. See Clock section fo
a detailed explanation. ‘

M/S = 1: Master Mode

CK1X=0: the external clock is divided by
two and used as the internal
clock. This is referred to as CLK
Mode=0.

CK1X=1: the external clock input is used

directly as the internal clock.
This is referred to as CLK
Mode=1.
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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 Register.

SMDE
Bits 5,4

00: A write to register O 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 canversion
starts the next conversion.

10:  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 M/S 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

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 A/D conversion result is double-buffered using the
Data Buffer register and the A/D Data register. The actual
En_d-Of—Conversion (EOC) does not correspond with the
DAV output going low. The DAV output 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 Figure 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 =0), 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

CONVERSION 1

. DATA 1 AVAILABLE
L

END OF CONVERSION 2

<«——CONVERSION 2 —{<«——CONVERSION 3—>

, DATA 2 AVAILABLE

F

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 CK1X bit in the Control
register. When CK1X=0 the clock is divided by 2. This is
referred to as CLK Mode =0. 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.

CLK Mode = 0:

There are two advantages to CLK Mode 0. 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 tc kg and tcykq 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.

twrck, tRock, and tsynccek 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.

CLK Mode =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 of the twrck, tRock, and tsyncek requirements.

EXTERNAL
CLOCK
(CLKMODE =0)

INTERNAL
CLOCK*

L]

[ I

*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 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 =000: Normal Operation

Selects normal A/D conversion. Default condition after a
software reset.

TMDE=001: Reserved by Micro Linear.

TMDE=010: CALWR operation

The data in Write register 0 (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=011: 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.

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 Vi + and Vi - 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 Vggg. 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 Vggr 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
and Hold to analog ground and the negative input to Vgg.
The result of converting in this test mode is a value near
negative full scale.

DIGITAL LOOPBACK

The ML2233’s architecture provides a way for the micro-
processor to indirectly read and write to the A/D
converter’s calibration register and data register via a
CALRD and CALWR. Figure 12 illustrates this architecture.
This in effect allows a digital loopback.

lr ________ ReGisTERs T——___A/;—C(;VE_RT;_———;
12 0
l DTS | caicopeHoLDING REGISTER | | |
| . | |
| ! |
| | 12 0 |
| ‘ CALIBRATION REGISTER | |
| 12 o | 1 o |
TEMPORARY REGISTER A/D DATA REGISTER
| L [~ | |
| 20 W& B o 2 ~~ o | |
[ o T o 0 [ DATA BUFFERREGISTER | | |
e e e N |

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 any one of the four
modes, the contents of the CALCODE Holding register is
transferred into the A/D 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 A/D’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 A/D 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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4 +5V
A23 i ADDRESS BUS e
Al N j k ,DVcc
AS »EN jo- - CS
ENbDRESs Vss
VMA »| DECODER » A0 le—=— _5v
VR e 4 VREF_ +2.5V EXTERNAL
VPA [ REFERENCE
mo?JTACK » o<} w22 | AGND
RW — N
r_D(»——» ()  DGND
VIN +
“"—v ]ANALOG
1PLO | DAV =] INPUT
A N\
D15 DATA BUS ) ST
DO DO I
A\l |4 SYNC
| I
Figure 13. Interfacing to 68000 Microprocessor
+5V
AVce | INT 7———-90———( BIO
Dvce | s K DATA BUS ) b3
" N | 4 R
Vss kD G——_-J
-5V ——» o—| STRB
+2.5V EXTERNAL VREF WR 4——G____
—
REFERENCE J IMS320C25
AGND |  ML2233
> le—] A5
DGND, | — ADDRESS
L s e DECODER [¢] A14
le—{ A13
VIN +
ANALOG {_' le—{ 15
INPUT | VIN- ) WAIT o X2/CLKIN
STATE » READY I I
GENERATOR ez
| CLK A0 |« A0 X1 ——I—-I

-

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] +34 LSB +1% LSB 31.5us Hermetic DIP
ML2233CCJ +1 LSB +2%, LSB 31.5us Hermetic DIP
ML2233DC] +1 LSB +2% LSB 44.0us Hermetic DIP
2-82
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ML2252, ML2259

uP Compatible 8-Bit A/ D Converters
with 2- or 8-Channel Multiplexer

GENERAL DESCRIPTION

The ML2252 and ML2259 combine an 8-bit A/ 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 5V, 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 V¢, 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 5V £10%.

The device is suitable for a wide range of applications from
process and machine control to consumer, automotive, and
telecommunication applications.

FEATURES

s Conversion time (fc x =1.46 MHz)

= Total unadjusted error

= No missing codes

= Sample and hold 390ns acquisition

m Capable of digitizing a 5V, 50kHz sine wave

m 2- or 8-channel input multiplexer

= 0V to 5V analog input range with single 5V power
supply

m Operates ratiometrically or with up to 5V voltage
reference

m No zero or full scale adjust required

= Analog input protection 25mA (min) per input

= Continuous conversion mode

= Low power dissipation 15mW MAX

= TTL and CMOS compatible digital inputs and outputs

= Standard 20-pin or 28-pin DIP or PCC

= Temperature range

6.6us
+1/2LSB or +1LSB

0°Cto +70°C,
or —40°Cto +85°C,
or —55°Cto +125°C

ML2252
Vce CLOCK
T — START
EOC
CONTROL
CHO 0— &TIMING
2-CHANNEL
MULTIPLEXER r — 1 ]
CH1 0— SUCCESSIVE
I APPROXIMATION I [—O DBoO
REGISTER o DB
I 7 l THREE pe2
stATe |—o DB3
%BpF OUTPUT |—0 DB4
ADDRESS BUFFER
LATCH I = | L—0 DB5
AND I D/A | 0 DB6
DECODER A/DWITH CONVERTER —o DB7
| SAMPLE-AND-HOLD FUNCTION :1 l ] (L

)

ADDRESS AO GND
LATCH
ENABLE

OUTPUT

+VReF  —Viee ENABLE
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BLOCK DIAGRAMS (Continued)

ML2259

CHO 0— Vcc CLOCK
CH1 0—] T ? ’———o START
CH2 0— ——©O0EFEOC
CH3O0— 8-CHANNEL i‘}wm’é
CHa o] MULTIPLEXER
CH5 0— — — - —I i
CH6 0—|
SUCCESSIVE
CH7 0— APPROXIMATION —O DBO
REGISTER o DBI
@ l - | ree | 0 0%
T sTe o B3
gl QurreR | oo
ADDRESS
LATCH l [—O DB5
AND D/A o DB6
DECODER A/DWITH CONVERTER —o0 DB7
| SAMPLE-AND-HOLD FUNCTION i (L
1311 T 4
ADDRESS AO A1 A2 GND +VREF - VREF A
ENABLE
ML2259
PIN CONNECTIONS 26-Pin DIP
cH3 ] ~ ] cH2
ML2252 cHa[] 2 27 [] et
20-Pin DIP CH5 [ 3 26 u CHO
a1 ~ »[] co cHe []a 25 []] ADDRo
sTarT [] 2 19 [] AbDRo cH7 [ 5 24 [ Abpri
£oc [] 3 B[] ALe start [ 6 23 [[] ADDR2
o3 []4 17 [] os7 goc []7 22 [ ALe
oe[]s 16 [] D86 B3 []8 21 [] o7
ak[]s 15 [] oss oe[]o 20 [] oBe
vee [} 7 1 [] oBs ak o 1 |] oss
+veer [] 8 5 [] pBo Vee [ 8 [] DB4
GND [ 9 2 [] -Veer +veer [] 2 17 [] oso
81 [] 10 ][] B2 ono ] 16 |] -Veer
oe1 [] 1 15 [] B2
TOP VIEW
TOP VIEW
ML2252 ML2259
20-Pin PCC 28-Pin PCC
START  CHO CHs CH3 CHI
Eoc | cH1 | ADDRo che | cHa | o2 | cro
/l_l oD
4 3 2 1 28 27 2
DE3 ] ALe chr 5 25 [] ADDRO
OF ] oe7 starT [] 6 24 [ ApDR1
ax ] ose eoc [} 7 23 |] ADDR2
Vec ] oss os3 [| 8 2 [] ae
+Vier ] ose oe[]o 2 [] oe7
cax [} 20 [] oBe
GND | DB2 | DBO 0 ]
DBl -Vger vee [] 1 [] oss
2 BUB KB
TOP VIEW

[ N |y N S S S
IGNDI DB2 | DBO |
+VRer DBl -Vpgr  DB4
TOP VIEW
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ML2252, ML2259

PIN DESCRIPTION
PIN #
ML2252 ML2259 NAME FUNCTION
1 CH3 Analog input 3.
2 CH4 Analog input 4.
3 CH5 Analog input 5.
4 CHé Analog input 6.
5 CH7 Analog input 7.

2 6 START Start of conversion. Active high digital input pulse initiates conversion.

3 7 EOC End of conversion. This output goes low after a START pulse occurs, stays low for
the entire A/ D conversion, and goes high after conversion is completed. Data
on DBO0-DB? is valid on rising edge of EOC and stays valid until next EOC rising
edge.

4 8 DB3 Data output 3.

5 9 OE Output enable input. When OE=0, DB0-DB?7 are in high impedance state;
OE=1, DB0-DB?7 are active outputs.

6 10 CLK Clock. Clock input provides timing for A/D converter, S/H, and digital interface.

7 n Vce Positive supply. 5V +£10%.

8 12 +VRer Positive reference voltage.

9 13 GND Ground. 0V, all analog and digital inputs or outputs are referenced to this point.

10 14 DB1 Data output 1.

n 15 DB2 Data output 2.

12 16 ~VRee Negative reference voltage.

13 17 DBO Data output O.

14 18 DB4 Data output 4.

15 19 DB5 Data output 5.

16 20 DB6 Data output 6.

17 21 DB7 Data output 7.

18 22 ALE Address latch enable. Input to latch in the digital address (ADDR2-0) on the
rising edge of the multiplexer.

23 ADDR2 Address input 2 to multiplexer. Digital input for selecting analog input.
24 ADDRI1 Address input 1to multiplexer. Digital input for selecting analog input.
19 25 ADDRO Address input 0 to multiplexer. Digital input for selecting analog input.
20 26 CHO Analog input 0.
1 27 CH1 Analoginput 1.
28 CH2 Analog input 2.
ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1)
Supply VOItage, Ve v v e e 6.5V Supply Voltage, Vee - vvvovvvviiiii e 4.5Vpc 0 6.3Vpc
Voltage Temperature Range (Note 3) ................ TMINS TAS Tpax
Logiclnputs .......... ...l —-0.3Vto Ve +0.3V ML2252BMJ, ML2252CMJ .............. -55°Cto +125°C
Analoglnputs ...................... -0.3Vto Ve +0.3V ML2259BM], ML2259CM)
Input Current perPin(Note 2) ..................... +25mA ML2252Bl), ML2252Cl) ................. —40°Cto +85°C
Storage Temperature . ................... —65°Cto +150°C ML2259Bl), ML2259Cl)
Package Dissipation ML2252BCP, ML2259BCP .................. 0°Cto +70°C
atTa=25°C(BoardMount) ..................... 875mW ML2252BCQ, ML2259BCQ
Lead Temperature (Soldering 10 sec.) ML2252CCP, ML2259CCP
DualIn-Line Package (Plastic) ..................... 260°C ML2252CCQ, ML2259CCQ
Dual-In-Line Package (Ceramic) ................... 300°C
Molded Chip Carrier Package .
Vapor Phase (60SeC.) ...........couuuniinneennn. 215°C
Infrared (155€C.) . ..voviini i 220°C
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ML2252, ML2259

ELECTRICAL CHARACTERISTICS

Unless otherwise specified To =Tmn to Tmax, Vec= +Vrer=5V £10%, —Vrer=GND and fc k=146 MHz.

ML2252B, ML2259B ML2252C, ML2259C
TYP TYP
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS
CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error 5,7 | Vrer=Vcc +1)2 +1 LSB
+VREF Voltage Range 6 - VREF Vcc +0.1 - VREF VCC +0.1 \Y
— Vger Voltage Range 6 GND-0.1 +Vree [GND-0.1 +VRer \
Reference Input 5 14 20 28 14 20 28 kQ
Resistance
Analog Input Range 538 GND-0.1 Vce+0.1 |GND-0.1 Vce+0.1 \%
Power Supply 6 DC +1/32 +a +1/32 +1s LSB
Sensitivity Vee=5V £10%
100mVpp +1he +1e LSB
100kHz Sine on V¢,
Vin=0
log, Off Channel 5,9 | OnChannel=V¢c -1 -1 HA
Leakage Current Off Channel =0V
(Note 9) On Channel=0V 1 1 uA
Off Channel =V¢
lon, On Channel 5,9 | OnChannel=0V -1 -1 uA
Leakage Current Off Channel =V
(Note9) On Channel=V¢c 1 1 uA
Off Channel =0V
TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX UNITS
DIGITAL AND DC CHARACTERISTICS
Ving Logical ““1”” Input Voltage 5 2.0 \Y
ViNO) Logical ““0” Input Voltage 5 0.8 \
Iing Logical ““1”” Input Current 5 Vin=Vcc 1 HA
liNno) Logical “0”" Input Current 5 ViN=0V -1 uA
Vour) Logical ““1”” Output Voltage 5 lout=-2mMA 4.0 \%
Vouto) Logical ““0” Output Voltage 5 lour=2mA 0.4 \Y
lout Three-State Output 5 Vour=0V -1 pA
Current Vour=Vee 1 WA
I Supply Current 5 1.5 3 mA
AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10)
tacq Sample & Hold Acquistion 2 Wfck
feik Clock Frequency 5 10 1460 kHz
tc Conversion Time 85 8.5+4250ns| 1/fcik
SNR Signal to Noise Ratio V|n=51kHz, 5V Sine. 47 dB
fCLK =1.46 MHz
(fsampLnG=150kHz). Noise is Sum of
All Nonfundamental Components up
to 12 of fsampLING
THD Total Harmonic Distortion Vin=51kHz, 5V Sine. -60 dB
fCLK =146 MHz
(fSAMPLING§150 kHZ). THD s Sum Of
2, 3, 4, 5 Harmonics Relative to
Fundamental
2-86
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ML2252, ML2259

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified Ta =Tpin to Tuax, Vec= +Vrer=5V £10%, —Vger=GND and fc g =1.46 MHz.

TYP

SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX UNITS
AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) (Continued)
IMD Intermodulation Distortion Vin=fa+g. fa=49kHz, 2.5V Sine. -60 dB

fg=47.8kHz, 2.5V Sine,

fCLK =146 MHz

(fSAMPLINGg150 kHZ). IMD 1s (fA +fB),

(fA bl fB), 2 fA +fB), [V fA - fB), (fA +2 fB),

(fa— 2fg) Relative to Fundamental
FR Frequency Response Vin=0to 50kHz. 5V Sine Relative to 0.1 dB

1kHz
tpc Clock Duty Cycle 6,1 40 60 %
teoc End of Conversion Delay 5 12 124250ns | 1/fek
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
ty Address Hold 5 50 ns
tH1, tho Output Enable for DBO-DB7 6 Figure 1, C, =50 pF 100 ns
6 Figure 1, C_ =10pF 50 ns
tH, ton Output Disable for DBO-DB7| 6 Figure 1, C =50pF 100 ns
6 Figure 1, C_ =10pF 50 ns

Cin Capacitance of Logic Input 5 pF
Cour Capacitance of Logic Outputs| 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 (V) at any pin exceeds the power supply rails (Vi <GND —0.1V or V¢ +0.1V) 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 —Vger =V n(+) 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 V¢ 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 V| or Vggr does not
exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute 0Vp¢ to 5Vpc input voltage range will
therefore require a minimum supply voltage of 4.900Vpc over temperature variations, initial tolerance and loading.

Note 9: Leakage current is measured with the clock not switching.

Note 10: C_ =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 40 ns. The maximum
time the clock can be high or low is 60pus.

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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ML2252, ML2259

DATA . OuTPUT
OUTPUT ENABLE
C 10k
I— Vou VoH-100mV
= = OUTPUT 50%

OUTPUT
VoL

Vcc
oo
DATA GND—10%F
OUTPUT 1 fon
a Vee—— | =
I e

L+100mV

Figure 1. High Impedance Test Circuits and Waveforms

TYPICAL PERFORMANCE CURVES

0 [T
Vec=5V
VRep=5V
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S
E o5
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3
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Figure 2. Linearity Error vs fc g
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ML2252, ML2259

TYPICAL PERFORMANCE CURVES (Continued)

Vcc=5V
fclk =1.46MHz Vee=5V
VIN=0V
fcLk = 10.4MHz
0.75 1.5 Ta=25°C —

a —~

2 2

= E

<] o«

&« Q

g os g 1 \

£ Nuzsec -

e -

: o 2

z B ]

3 — LB

0.25 0.5 \
0 0
0 1 2 3 4 0 1 2 3 4 5
VREeF (VDC) VRer (VDO

Figure 3. Linearity Error vs Vggr Voltage

Figure 4. Unadjusted Offset Error vs Vggr 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-ADDR?2, 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.

Table1. 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 A/D Converter

The A/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.

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/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.

@& Micro Linear
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ML2252, ML2259

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
50kHz 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 DBO0-DB7 and EOC goes high on the rising edge of the 9th
CLK pulse, 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.

|<—>l»|lf.:u<

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-50kHz as well as
maintain linearity for signals from DC-50kHz.

The plot below (Figure 6) shows a 2048 point FFT of the
ML2259 converting a 50kHz, 0to 5V, low distortion sine
wave input. The ML2252 and ML2259 sample and digitize at
their specified accuracy, dynamic input signals with fre-

uency components up to the Nyquist frequency (one-half
the sampling rate). The output spectra yields precise mea-
suréments 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 increasing analog
input frequencies to 50kHz.

CLK 1 2 3 5 6 7 8 9
55— |<—
START
|ty —|
ALE
twALE
ADDRO-ADDRZ% ){
s 1 teoc
EOC
|
DB0-DB7 PREVIOUS DATA DATA )—<
’ tHy, !n0<>| |<—
tiH, tOH | -
OE \ /
Figure 5. Timing Diagram
0
-10
-20
-30
S -40
=
Q -50
=2
E
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g
s - 70
-80
-90 T I l T ‘ T ‘ t
-100 .
-110
o 37.5 75
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Figure 6. Output Spectrum

2-90

@ Micro Linear



ML2252, ML2259

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 CLK
period long and occurs one half CLK period after START goes
low. When the sampling switch closes at the start of the S/H
acquisition time, 8 pF of capacitance is thrown onto the ana-
log input. One half CLK period later, the sampling switch
opens, the signal present at analog input is storecF and con-
version starts. Since 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 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
CLK period can be used.

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 +Vggr and — Vger inputs defines
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 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 20k.

In a ratiometric system, the analog input voltage is propor-
tional to the voltage used for the A/D reference. This voltage
is typically the system power supply, so the +Vggr pin can be
tied to Vcc and —Viee tied to GND. This technique relaxes
the stability requirements of the system reference as the ana-
log input and A/ 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.

+Vger and —Vger can be at any voltage between V¢ and
GND. In addition, the difference between +Vggr and —Vrer
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 Decoupling

A 10uF electrolytic capacitor is recommended to bypass Ve
to GND, using as short a lead length as possible. In addition,
with clock frequencies above 1TMHz, a 0.1uF ceramic disc
capacitor should be used to bypass Vcc to GND.

If REF + and REF — inputs are driven by long lines, they should
be bypassed by 0.1uF 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 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 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
ML2252 or ML2259 are defined as

(V22 + V32 +V42 + V52t
Vi
where V7 is the rms amplitude of the fundamental and V5,

V3, V4, Vs are the rms amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fo
and fg, any active device with nonlinearities will create
distortion products, of order (m + n), at sum and difference
frequencies of mfa + nfg, wherem, 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 (f5 + fg) and (fa — fg) and
the third order terms (2f5 + fg), (2fo — fg), (fo + 2fg), and
(fa — 2fg) only.

1.7 Digital Interface

The analog inputs are selected by the digital addresses,
ADDRO-ADDR?2, 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 CLK 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 CLK period wide. Each bit
conversion in the successive approximation process takes 1
CLK period. On the rising edge of the ninth CLK pulse, the
digital output of the conversion is updated on the outputs
DBO0-DB7 and EOC goes high indicating the conversion is
done and data on DB0-DB?7 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 uP.

The signal OE drives the data bus, DB0-DB?7, into the
high impedance state when held low. This allows the
ML2252 and ML2259 to be tied directly to a uP system
bus without any latches or buffers.

20log =
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ML2252, ML2259

1.0 FUNCTIONAL DESCRIPTION (Continued)

1.7.1 Restart During Conversion

Ifthe A/D is restarted (start goes low and returns high) during

aconversion, the converter is reset and a new conversion is

started. The output data latch is not updated if the conversion

in process is not allowed to be completed. EOC will remain
low and the output data latch is not updated.

Vcc

t START

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.

EOC

ML2252
ML2259

START

Figure 7. Continuous Conversion Mode

2.0 TYPICAL APPLICATIONS

15VDC
Vce
6000
ANALOG
IN Vee
+
T
-15Vpc =
MiL2252
ML2259

-r GND

Figure 8. Protecting the Input
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Figure 9. Operating with Ratiometric Transducers 15%
of VceS Vxpr<85% of Vee
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MI12252, ML2259

ORDERING INFORMATION
TOTAL TEMPERATURE
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
TWO ANALOG INPUTS, 20-PIN PACKAGE
ML2252BM]) +1215B -55°Cto +125°C HERMETIC DIP
ML2252Bl) —40°Cto +85°C HERMETIC DIP
ML2252BCP 0°Cto +70°C MOLDED DipP
ML2252BCQ 0°Cto +70°C MOLDED PCC
ML2252Cl) +1LSB —40°Cto +85°C HERMETIC DIP
ML2252CCP 0°Cto +70°C MOLDED DIP
ML2252CCQ 0°Cto +70°C MOLDED PCC
EIGHT ANALOG INPUTS, 28-PIN PACKAGE
ML2259BM) +121SB —55°Cto +125°C HERMETIC DIP
ML2259Bl) —40°Cto +85°C HERMETIC DIP
ML2259BCP 0°Cto +70°C MOLDED DIP
ML2259BCQ 0°Cto +70°C MOLDED PCC
ML2259CY) +1LSB —-40°Cto +85°C HERMETIC DIP
ML2259CCP 0°Cto +70°C MOLDED DIP
ML2259CCQ 0°Cto +70°C MOLDED PCC

. Micro Linear
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ML2258

pP Compatible 8-Bit A/D Converter
with 8-Channel Multiplexer

GENERAL DESCRIPTION

The ML2258 combines an 8-bit A/D 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
of 5V£10%.

FEATURES

Conversion time
Total unadjusted error
No missing codes

L 6.6us
| ]
| ]
® Sample and hold 390ns acquisition
]
|
n

+1/2LSB or £ 1LSB

Capable of digitizing a 5V, 50kHz sine wave
8-input multiplexer

0V 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
TTL and CMOS compatible digital inputs and
outputs

Standard 28-pin DIP or surface mount PCC
Superior pin compatible replacement for ADC0808
and ADC0809

START  CLOCK
Fr————— ——1— "
iNo o— | |
| A/DWITH END OF CONVERSION
INTO— | SAMPLEMMOLD | CONTROL&TIMING | | (INTERRUPT)
T
IN2 0— | |
IN3 0— I Y I
8-CHANNEL . |
INg MULTIPLEXER J S.A.R. A2
o | | L opso
IN5 O— | | |—o DB1
COMPARATOR THREE  |—oDB2
| STATE °
IN6 0— OUTPUT 3:3
" | atcH [°
7 o— | | BUFFER ‘—0355
L oDB6
@ | | L oDB7
t SWITCH TREE |
ADDR0O O— | |
ADDR1 O—  AppREss
ADDR2 0—] "LATCH L——— |
ADDRESS on | I
o—| DECODER
LATCH ENABLE CQEQSTTO%R/
ARRAY
|
L

Vcc GND + VRer

- Vrer OUTPUT
ENABLE
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ML2258

PIN CONNECTIONS

ML2258 ML2258
28-PIN DIP 28-PIN PCC
T INS  IN3 N1
N3 [] 1 28 []IN2
iNa[] 2 27 [Jine N7  Aboro
s [} 3 26 N0 START []ADDR1
IN6 [} 4 25 [] ADDRO foC F Aoz
IN7[] 5 24 [] ADDR1 DE3 ALe
START[| 6 23 aADDRZ oF oer
koc[] 7 22 [] ALE 1K oss
pe3[] 8 21 ] o87
OEE R ) I vee ]l 13 1 15 16_17 18 PP%
o []pBe e
cik[] 10 19 [] pBS } ano 4 DB?TDBO i
Vcc[ 1 18 :] DBa +VRer DB1  —Vggr DB4
+Vree[] 12 17 [] pBO TOP VIEW
GND[] 13 16 [] - VRer
pB1[] 14 15 [] B2
TOP VIEW
PIN DESCRIPTION
PIN NO. NAME FUNCTION PINNO. NAME FUNCTION
1 IN3  Analoginput 3. 13 GND  Ground. 0V, all analog and digital in-
2 IN4  Analoginput 4. puts or outputs are reference to this
3 IN5  Analoginput 5. point.
4 IN6  Analoginput6. 14 DB1 Data output 1.
5 IN7  Analoginput?7. 15 DB2  Dataoutput 2.
6 START  Start of conversion. Active high 16 ~Vrer  Negative reference voltage.
digital input pulse initiates 17 DBO  Data output 0.
conversion. 18 DB4  Dataoutput4.
7 EOC  End of conversion. This output goes 19 DB5  Dataoutput5.
low after a START pulse occurs, stays 20 DB6  Dataoutput6.
onforheente NDcomveson. 31 D87 Dataouput”
comféleted gData on DBO-DB7 is 22 ALE  Address latch enable. Input to latch
valid on rising edge of EOC and stays in the digital address (ADDR2-0) on
valid until next EOC rising edge. the rising edge of the multiplexer.
8 DB3  Dataoutput 3 23 ADDRO Address input 0 to multiplexer.
9 OF Output enable input. When OE=0 !Z)igital input for selecting analog
DBO0-DB7 are in high impedance nput. . ltiol
state: OE=1, DBO-DB?7 are active 24 ADDR1 Addregs input 1 to multiplexer.
outpluts ! Digital input for selecting analog
’ . e input.
10 CLK g? ;I;'chgﬁt:;tgftseﬁvﬁﬁ élir;;r;lg 25 ADDR2 Address input 2 to multiplexer.
interface Y Digital input for selecting analog
L input.
+£10%. .
2 e Postiverelaence votage 26 N0 Ansloginpute.
REF ge- 27 INT  Analoginput 1.
28 IN2  Analoginput2.
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ML2258

ABSOLUTE MAXIMUM RATINGS
(Note 1)

Supply Voltage, Vec. oo ovvv v 6.5V
Voltage
Logiclnputs. ........ ... ...l -0.3Vto Vcc+0.3V
Analoglnputs . .......... ... .. ... -0.3VtoVcc+0.3V
Input Current per Pin (Note 2) ..................... +25mA
Storage Temperature .................... —-65°Cto +150°C
Package Dissipation
atTa=25°C(BoardMount) ..............c....... 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 (60SeC.) . ......c.vvuuneeeennnnnnnn. 215°C
Infrared (158€C.) . oo vvvvr i 220°C

ELECTRICAL CHARACTERISTICS

OPERATING CONDITIONS

Supply Voltage, Ve e v vvvvvvveiiiaannn 4.5Vpc 10 6.3Vpce

Temperature Range (Note 3)................ TMIN=<TAa=<Tmax
ML2258BMJ, ML2258CM] .............. —-55°Cto +125°C

ML2258BlJ, ML2258BIP
ML2258BIQ, ML2258Cl)
ML2258CIP, ML2258CIQ . ............... —40°Cto +85°C

Unless otherwise specified, Ta=Tmin t0 Tmax, Vec= +VRer=5V £ 10%, —Vger=GND and fcp = 10.24MHz

ML2258B ML2258C
‘ TYP TYP
PARAMETER NOTES CONDITIONS MIN (NOTE4)| MAX MIN (NOTE4)| MAX |UNITS
Converter and Multiplexer
Total Unadjusted Error 57 |Veree=Vcc +1/2 +1 LSB
+ Vger Voltage Range 6 —VRer Vee+0.1 | —Vger Vec+0.1 \
— Vger Voltage Range 6 GND-0.1 +Vree |GND-0.1 +VRer \%
Reference Input Resistance 5 14 20 28 14 20 28 kQ
Analog Input Range 5,8 GND-0.1 Vce+0.1|GND-0.1 Vcc+0.1 \4
Power Supply Sensitivity 6 |DC £1/32 +1/4 +1/32 +1/4 LSB’
Vec=5VE10%
100mVp-p 1716 1716 LSB
100kHz Sine on V¢,
lorr, Off Channel Leakage 5,9 |On Channel=Vcc -1 -1 773
Current (Note 9) Off Channel =0V
On Channel =0V 1 1 A
Off Channel =Vc
lon, On Channel Leakage 5,9 |On Channel=0V -1 -1 A
Current (Note 9) Off Channel =Vcc
On Channel =V¢ 1 1 A
Off Channel =0V
Digital and DC
Vine), Logical /1" Input 5 2.0 2.0 \
Voltage
Vino), Logical /0" Input 5 0.8 0.8 \Y
Voltage
lingy, Logical ““1”” Input 5 Vin=Vce 1 1 A
Current
lino), Logical ““0”" Input 5 ViN=0V -1 -1 »A
Current
Vourqy Logical 17 5  |lour=-2mA 4.0 4.0 v
Output Voltage
Voury Logical 0" 5 |lour=2mA 0.4 0.4 %
Output Voltage
lout, Three-State Output 5 Vour=0V -1 -1 A
Current Vour=Vce 1 1 uA
Icc, Supply Current 5 1.5 3 1.5 3 mA
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ML2258

ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL | PARAMETER I NOTES ‘ CONDITIONS ’ MIN I (NE)YTEJ MAX l UNITS
AC and Dynamic Performance Characteristics (Note 10)

taco Sample and Hold Acquisition 4 ek
foik Clock Frequency 5 100 10240 kHz
tc Conversion Time 5 67 67+250ns | 1/fcik
SNR Signal to Noise Ratio Vin=>51kHz, 5V Sine. 47 dB

fCLK=10.24MHZ

(fsampLing = 150kHz). Noise 1s Sum of
All Nonfundamental Components up
to 1/2 of fsamprin

THD Total Harmonic Distortion Vin=51kHz, 5V Sine. -60 dB
fCLK =10.24MHz

(fsampLing = 150kHz). THD 1s Sum of
2, 3, 4, 5 Harmonics Relative to
Fundamental

IMD Intermodulation Distortion Vin="Fa+fg. faA=49kHz, 2.5V Sine. -60 dB
fg=47.8kHz, 2.5V Sine,

fCLK =10.24MHz
(FsampLinG = 150kHz). IMD 15 (fa + ),
(fa—fg), (2fo+fg), (2fa—fg), (fo+2fp),
(fo — 2fg) Relative to Fundamental

FR Frequency Response Vin=0 to 50kHz. 5V Sine Relative to 0.1 dB
1kHz

tpc Clock Duty Cycle 6,11 40 60 %
teoc End of Conversion Delay 5 8 8+250ns ek
tws Start Pulse Width 5 50 ns
tss Start Pulse Setup Time 6,12 | Synchronous Only 40 - ns
tWALE Address Latch Enable Pulse Width 5 50 ns
ts Address Setup 5 0 ns
ty Address Hold 5 50 ns
tu1,Ho | Output Enable for DBO-DB7 6 Figure 1, C; = 50pF 100 ns

6 Figure 1, C = 10pF 50 ns
t1H, OH Output Disable for DBO-DB7 6 Figure 1, C, =50pF 200 ns

6 Figure 1, C, = 10pF 100 ns
CiNn Capacitance of Logic Input 5 pF
Cout Capacitance of Logic Outputs 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 (Vy) at any pin exceeds the power supply rails (Vi <V~ or V|5 >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 — Vggr =V n(+) 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 V¢ supply. Be careful,
during testing at low V¢ 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 V) or Vrgr does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an
absolute OVpc to 5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature variations,
initial tolerance and loading.

Note 9: Leakage current is measured with the clock not switching.

Note 10: C_ =50pF, iming 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 1s 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 60ps.

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 1s not met, start conversion will have an uncertainty of one clock pulse.
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t1H, thy tin, C, = 10pF tH1, CL = 50pF

DATA OUTPUT

OUTPUT ENABLE
CL 10k

= = OUTPUT

ton, tHo

Vcc
OUTPUT
10k ENABLE
DATA
OUTPUT 1 ton j=—
“T

Vcc
ouTPUT /— 50%
10%

Figure 1. High Impedance Test Circuits and Waveforms

TYPICAL PERFORMANCE CURVES

"0 T T TTTT
Vce=5V
VREep=5V
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= 125°C
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gy paUil L
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Figure 2. Linearity Error vs fc g
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TYPICAL PERFORMANCE CURVES (Continued)

OFFSET ERROR (LSB)

LINEARITY ERROR (LSB) °

=

Vee=5V

fcLk =10.4 MHz

.75

0.5 N
125°C
w
-55°C
25°C
25 s
0
0 1 2 3 4
VREF (VDO)
Figure 3. Linearity Error vs Vggr Voltage
2 T
V=5V
VREF=5V
VIN=0V
Vos =3mV
fcLk = 10.4MHz
1.5 Ta=25°C —

0.5

.

2 3
VREF (VDCO)

Figure 4. Unadjusted Offset Error vs Vggg Voltage
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ML2258

1.0 FUNCTIONAL DESCRIPTION

1.1 MULTIPLEXER ADDRESSING

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-ADDR?2, 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 address latch
signal ALE.

Table 1. Multiplexer Address Decoding

SELECTED ADDRESS INPUT
ANALOG CHANNEL ADDR2 ADDR1 ADDRO
INO 0 0 0
IN1 0 0 1
IN2 0 1 0
IN3 0 1 1
IN4 1 0 0
IN5 1 0 1
IN6 1 1 0
IN7 1 1 1

1.2 A/D CONVERTER

The A/D 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 2*=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

|<_.|.1/fm

CLK 1 2 3 4 5

55— L‘

START

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 DB0O-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
DBO0-DB?7. The data will stay valid on DBO-DB7 until the
next conversion updates the data word on the next rising
edge of EOC.

A conversion can be interrupted and restarted at any time
by a new START pulse.

8| I66| |67| |68| |69| |70I

ws

twaLl

ADDRO-ADDRZ% }(
=
s " coc

EOC

DB0-DB7 PREVIOUS DATA

)( DATA

—«»l tois <—‘EN.‘>| 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 S/H 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 of the
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 (S/H acquisition time) is 4 CLK
periods long and occurs 4 CLK periods after START goes
low. When the sampling switch closes at the start of the
S/H 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 S/H 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.

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 +Vggr and —Vggr 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 A/D reference. This volt-
age is typically the system power supply, so the +Vggr pin
can be tied to Ve and — Ve tied to GND. This technique
relaxes the stability requirements of the system reference
as the analog input and A/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.

In contrast to the ADC0808 and ADC0809, the ML2258
—VRer and +Vggr reference values do not have to be sym-
metric around one half of the supply. +Vggr and —Vger
can be at any voltage between V¢ and GND. In addition,
the difference between +Vggr and — Vggr 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.

MAGNITUDE (dB)

- T

-100

‘rlf |

-110

37.5 75

FREQUENCY (kHz)

Figure 6. Output Spectrum
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1.0 FUNCTIONAL DESCRIPTION (Continued)

1.5 POWER SUPPLY AND REFERENCE DECOUPLING
A 10uF electrolytic capacitor is recommended to bypass
Vcc to GND, using as short a lead length as possible. In
addition, with clock frequencies above TMHz, a 0.1uF
ceramic disc capacitor should be used to bypass V¢ to
GND.

If REF + and REF - inputs are driven by long lines, they
should be bypassed by 0.1xF 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 of the converter. The signal is the rms magni-
tude 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 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 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 (THD) of
the ML2258 is defined as

(V22 + V32 + Vg2 + V)2

20 log v
1

where V1 is the rms amplitude of the fundamental and V,,
V3, V4, V5 are the rms amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fo
and fg, any active device with nonlinearities will create
distortion products, of order (m+n), at sum and difference
frequencies of mfa +nfg, where m,n=0, 1, 2, 3,... . Inter-
modulation terms are those for which m or n is not equal
to zero. The ML2258 (IMD) intermodulation distortion
specification includes the second order terms (fo +fg) and
(fa—fg) and the third order terms (2fa +fg), (2fo—fp),
(fa+2fg) and (fo — 2fg) 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 edge 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-DB?7 is valid.

One feature of the ML2258 over conventional devices is
that the data is double buffered. This means that the out-
puts DBO-DB?7 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-
ternal logic of uP.

The signal OE drives the data bus, DB0-DB?7, into the high
impedance state when held low. This allows the ML2258
to be tied directly to a uP system bus without any latches
or buffers.
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2.0 TYPICAL APPLICATIONS

Vce 5Vpo)
15Vpc
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« :E 20k
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6002 VXDR
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ThS o -v 104F
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ML2258 ML2258
.
4k
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0.85Vcc 1k
> FSAD)

24k

Figure 7. Protecting the Input Figure 8. Operating with Ratiometric Transducers 15%
of Vcc=Vxpr=85% of V¢c

ML2258
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EOC
1/2 74HC221
v
BR

C
Y
C

Figure 9. Continuous Conversion Mode
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ORDERING INFORMATION
ALTERNATE TOTAL TEMPERATURE

PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
ML2258BM] ADC0808C) ~55°Cto +125°C Hermetic DIP
ML2258Bl) ADC0808CC) £1/215B —40°Cto +85°C Hermetic DIP
ML2258BIP ADC0808CCN * ~40°Cto +85°C Molded DIP
ML2258BIQ ADC0808CCV —40°Cto +85°C Molded (PCC)
ML2258C1) —40°C to +85°C Hermetic DIP
ML2258CIP ADCO0809CCN +1LSB —40°Cto +85°C Molded DIP
ML2258CIQ ADC0809CCV —40°Cto +85°C Molded (PCC)
2-104
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May 1990
PRELIMINARY

ML2261

uP Compatible High-Speed 8-Bit
A/D Converter with T/H (S/H)

GENERAL DESCRIPTION

The ML2261 is a high-speed, uP compatible 8-bit A/D
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
VCC.

The ML2261 has two different pin selectable modes.
The T/H mode has an internal track and hold. The S/H
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 uP.

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.

FEATURES

n Conversion time, WR-RD mode over temperature
and supply voltage tolerance

Track & Hold Mode .................... 800ns max
Sample & Hold Mode ................. 670ns max
m Total unadjusted error ......... +1/2 LSB or =1 LSB

u Digitizes a 5V, 250kHz sine wave to 8-bit accuracy
= No missing codes
= OV to 5V analog input range with single 5V power

supply
m No zero or full scale adjust required
u Analog input protection ................. 25mA min

m Operates ratiometrically or with up to 5V voltage
reference

= No external clock required

m Easy interface to uP, or operates stand alone

= Power-on reset circuitry

mlow power ... 75mW

= Standard 20-pin DIP or surface mount PCC

m Superior pin compatible replacement for ADC0820
and AD7820

BLOCK DIAGRAM

PIN CONNECTIONS

Vce GND
20-Pin DIP 20-Pin PCC
- viw [}t ™~ 20{] vec DB0  Vcc
pso [ 2 1 [] snm DBl | wvin | sH/TR
,  ort o 8 s B e B e |
DECODE |_o pg7 DB1 8 [] of 3 2 1 29
10GIC, _
LATCH |—O DB6 pe2 [] 4 v [] os7 DB2 1 [] of
& |-o DBs
THREE |0 DBa e [| 5 1 [] pBe De3 v [] oer
STATE __ WR/RDY 16 [ ]| pBe
oureUT 2 3:; wr/roy [ 6 15 [ oss 1
BUFFE MODE 15 [] oBs
> o D81 mooe [} 7 [ oss _ “ ;_']l
— — "D DB4
> —o D8O w[|s B3] 9 10 N 2 B
> it [ o 12 [] +vier = ]
[l |—VREF | cs
GND 0 1 ] -VRer GND  +Vger
TIMING o INT TOP VIEW TOP VIEW
l—- CONTROL
SH/TH MODE & wiov 5
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PIN DESCRIPTION

PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION
1 VIN Analog input. 10 GND Ground.
2 DBO Data output — bit 0 (LSB). " -VREF Negative reference voltage for
3 DB1 Data output — bit 1. A/D converter.
4 DB?2 Data output — bit 2. 12 +VRer ic/)ls)itive ref:atrence voltage for
. converter.
> _933 Dat.a O_Utpm — bit3. 13 [ Chip select input. This pin must
6 WR/RDY wk'teR IIanutdor :ﬁ,ady_oqtp%m be held low for the device to
-RU mode, this pin is erform a conversion.
input. In RD mode, this pin is 14 DB4 g bit 4
RDY open drain output. See ata output — bit 4.
Digital Interface section. 15 DB5 Data output — bit 5.
7 MODE  Mode select input. 16 DB6 Data output — bit 6.
MODE - OND: RD mode 17 DB7  Data output — bit 7 (MSB).
= Ve WR- = .
Pin has internal current source 18 OFL Overflow output. This output
pulldown to GND. goes low at end of conversion
— if VN i ter than
8 RD Read input. In RD mode, this I+VR|; 151%1%?3 @
pin initiates a conversion. In — -
WR-RD mode, this pin latches 19 SH/TH  S/H, TTH mode select. When
data into output latches. See SH/TH = V¢, the device is in
Digital Interface section. ;T_l"/‘%_% a”Gder‘DOI?hmzde; When
— . = , the device is in
9 INT Interrupt output. This output 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 . .
Interface section. 20 Vce Positive supply. +5 volts £ 5%.

ABSOLUTE MAXIMUM RATINGS

OPERATING CONDITIONS

(Note 1)
Supply Voltage, Vee vvvvvvvnniiiiiiiiiinn.. 4.5Vpc to 6.0Vpc
Supply Voltage, Ve «vvvviiiiiiiiiiiiiiiii i 6.5V Temperature Range (Note 3) .............. TMIN = TA = Tmax
Voltage ML2261BM]), ML2261CMJ .............eee -55°C to +125°C
LOGIC INPULS «...evveveeveeienennanss. -03V to Vcc + 0.3V ML2261BI), ML2261Cl] ...........ccunnen.. -40°C to +85°C
Analog Inputs -0.3V to V¢ + 0.3V ML2261BCQ, ML2261CCQ
Input Current per Pin (Note 2) ...................... +25mA ML2261BCP, ML2261CCP  ........ccovneeneen 0°C to +70°C
Storage Temperature ....................... -65°C to +150°C
Package Dissipation
at Tp = 25°C (Board Mount) ............coeevunnnn. 875mwW
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.) .....ceuvverieinineennnnnnn. 215°C
Infrared (15 5€C.) .....vviiviiiiiiii 220°C
2-106

T8 Micro Linear



ML2261

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tpin to Tmax Vee = +Vrer = 5V = 5%, and -Vggr = GND

ML2261XCX ML2261XIX, ML2261XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN (Note 4) | MAX |UNITS
Converter
Total Unadjusted Error
ML2261BXX 5,7 |Vger = Ve +172 +1/2 | LSB
ML2261CXX +1 +1 LSB
+Vggr Voltage Range 6 ~VRer Veet01 | —Vier Veet01 | vV
-Vger Voltage Range 6 GND-01 +Veee  |GND-01 +VRer Vv
Reference Input 5 1 2 3 1 2 3 kQ
Resistance
Analog Input Range 58 GND-01 Vcct01 |GND-01 Vee+01 \%
Power Supply Sensitivity 5 |DC +1/32 +1/4 +1/32 +1/4 LSB
VCC =5V £ 5%, VREF = 4.75V|
100mVp-p +1/16 +1/16 LSB
100kHz sine on V¢,
VIN =0
Analog Input Leakage 5,9 |Converter Idle -1 +1 -1 +1 MA
Current
Analog Input Capacitance During Acquisition Period 45 45 pF
Digital and DC
VIN(W Logical “1” Input 5 WRI E’ cs 2.0 2.0 4
Voltage MODE, SH/TH Vee-0.5 Vee-05 \Y
Vinwy Logical “0” Input 5 'WR, RD, CS 0.8 0.8 \%
Voltage MODE, SH/TH 05 05 %
IIN(‘I)' Logical “1r Vi = V, m’ Eﬁ' C—S 1 1 I‘lA
Input Current > tH = Yee TH
P! MODE, SH/TH 15 50 150 15 50 150 HA
ical “0" 'WR, RD, CS -1 -1 LA
Iinoy Logical “0 5 |V, = GND >
Input Current MODE, SH/TH | -20 -20 uA
VOUT(1)¢ LOgiC&' “1” 5 lout = -2mA 4.0 4.0 \%
Output Voltage
VOUT(O)I LOgiCél' “0" 5 IOUT =2mA 0.4 0.4 Vv
Output Voltage
lout, Three-State Output 5 Vour = 0V -1 -1 HA
Current Vour = Vee 1 1 LA
Cour, Logic Output 5 5 pF
Capacitance
Cin Logic Input 5 5 pF
Capacitance
Icc Supply Current 5 |CS=WR=RD =*“1" 10 16 10 175 | mA
No Output Load

- - 2-107
@ Micro Linear 0



ML2261

ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified, Tao = Tpin to Tmax, Ve = +Veee = 5V £ 5%, ~Verer = GND, and timing measured at 1.4V,

C, = 100pF.
ML2261XCX ML2261XIX, ML2261XMX
TYP TYP

PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN (Note 4) | MAX |UNITS
AC and Dynamic Performance (Note 9)
tcrp, Conversion Time, 5 |RD to INT, MODE = 0V 1020 1100 ns
Read Mode i
tcwrrp Conversion Time,| 5,9 [WR Falling = .
Write-Read Mode Edge to INT, SH/TH=Vcc 670 725 ns

trp < tiNT, _

MODE l:JTVCC 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.

SH/TH = Vcc, MODE = VCC

fsampuing = 1 MHz
HD, Harmonic Distortion VN = 5V, 250kHz -63 -63 dB

THD is sum of 2-5th

harmonics relative to

fundamental.

SH/TH = Ve, MODE = Ve

fsampunG = 1 MHz
IMD, Intermodulation fa = 2.5V, 250kHz -60 -60 dB
Distortion fb = 2.5V, 248kHz

IMB is (fa + fb), (fa - fb),

(2fa + fb), (2fa - fb),

(fa + 2fb), or (fa - 2fb)

relative to fundamental.

SH/TH = VCO MODE = VCC

fsampung = 1 MHz
FR, Frequency Response ViN = 5V, 0-250kHz +01 +01 dB

Relative to 1kHz

SH/TH = VCO MODE = VCC

fsampuing = 1 MHz

SH/TH = V. 40 40 | Vips
SR, Slew Rate Tracking 6 — <«

SH/TH = GND 25 25 Vius
AC Performance Read Mode (Pin 7 = 0V), Figure 2
trpy, CS to RDY Delay 5 i} 50 0 55 ns
tRDD/ RD Low to 5,10 |Figure 1 1020 1100 ns
RDY Delay
tcss, CS to RD, WR 5 0 0 ns
Setup Time
tcshe CS to E, WR 5 0 0 ns
Hold Time
tcrp, Conversion Time — | 5, 10 1020 1100 ns
RD Low to INT Low
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ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified, Ta = Tmin t0 Tmax, Vec = +Vrer = 5V £ 5%, -Vrer = GND, and timing measured at 1.4V,

C, = 100pF
ML2261XCX ML2261XIX, ML2261XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN (Note 4) | MAX |UNITS
AC Performance Read Mode (Pin 7 = 0V), Figure 2 (Continued)
tacco Data Access Time 5 tcro tcrp*30 | tcrp tcrp+30 | ns
RD to Data Valid
trROPW/ RD Pulse Width 5 tcrpt30 tcrp*30 ns
tinthy RD to INT Delay 5,10 0 60 0 70 ns
tpy, 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 {Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = Ve
10O fow Track & Hold Mode, 240 260 ns
SH/TH = GND

AC Performance Write-Read Mode (Pin 7 = 5V), Figures 3 and 4
tess CS to RD, WR 5 0 0 ns
Setup Time
tesHr CS to E, WR 5 0 0 ns
Hold Time

S 5 |SH/TH = V¢ 180 50K 195 50K ns
twr, WR Pulse Width ——

6 |SH/TH = GND 320 50K 360 50K ns
tgp, Read Time — WR 5 |trp < tintL 275 300 ns
High to RD Low Delay
R RD to INT Delay 5 10 |trp < tiNTL 215 230 ns
tacct, Data Access Time 5 |tro < tinmL 220 0 240 ns
— RD Low to Data Valid
tcwrgp, Conversion Time | 59,10 | tgp < tyyr, SH/TH = Ve 670 725 ns
— WR Falling Edge to —

INT Low 6,910 |trp < N, SH/TH = GND 800 880 ns
tinTe Internal Comparison | 5, 10 |tgp > tinTL 620 670 ns
Time — WR Rising Edge
to INT Low
tacco, Data Access Time 5 |trp > tNTL 0 50 0 60 ns
— RD to Data Valid
tph, Data Hold Time — 6, 10 |Figure 1 0 50 0 60 ns
RD Rising Edge to Data
High Impedance State
tinth, RD! to INTt Delay | 5, 10 0 60 0 70 ns
tp, Delay Time Between 5,10 {Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = Ve
to WR Low Track & Hold Mode, 240 260 ns

SH/TH = GND
tiqwr, WR! to INT! Delay | 5, 10 |Standalone Mode 0 90 100 ns
tip, INT} to Data 5,10 |Standalone Mode 20 0 30 ns
Valid Delay
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Note 1:
Note 2:
Note 3:
Note 4:
Note 5:

Note 6:
Note 7:

Note 8:

Note 9:

Note 10:

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.

When the voltage at any pin exceeds the power supply rails (V\y < GND or V|y > V() 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.

0°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.

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, try and tp. For example, for the ML2261XCX in the sample and hold mode, 'WR/RD mode: tyg =
180ns, tzp = 275ns with a frequency of 1.031IMHz (cycle time of 970ns).

For —Vgge = V) 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 V¢ 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 100mV forward bias of either diode. This means that as long as the analog
Vi or Vier does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute 0Vpc to
5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature variations, initial tolerance and
loading.

Conversion time, write-read mode = tyg + trp + tr;.

Defined from the time an output crosses 0.8V or 24V.

tf

DATA Vec 90%
outeuT GuasiE
10pF GND —10% -hH
= = Vou VOH-100mV
OUTPUT
GND
Vcc
Y
5k OUTPUT <«
NA
DATA ENABLE  :ND—10%
OUTPUT
10pF Vce
I OuTPUT
— VoL +100mV

Vou

Figure 1. High Impedance Test Circuits and Waveforms

2-110

@ Micro Linear



ML2261
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Figure 2. RD Mode Timing
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1.0 FUNCTIONAL DESCRIPTION

The ML2261 uses a two stage flash technique for A/D
conversion. This technique first performs a 4 bit flash
conversion on V| 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 V| is greater than +Vgegp — 2LSB.

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 Figure 6. When the conversion starts in the T/H
mode (WR! in the WR-RD mode or RD! in the RD
mode) S1, 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, V| is
connected to the 16 MSB and 15 LSB comparators.
Thus 38 pF of input capacitance must be charged up
through the combined Ry 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 WR! or by an internal timer in the RD
mode. At this point S1 and S4 open and the analog
input at VN is no longer being sampled; thus during
this time the analog voltage on VN does not affect
converter performance.

— S~ 11pF
Rs RoN
e '_1—4\
Ron
TO MS
LADDER

16 MSB COMPARATORS

|||—o

54 1.34pF

RoN
L w—oX 36K
6.4K ‘lpF Ron
1018
LADDER _n
S5 ISSp = _i_

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
acquisition period. The source of the external signal on
V|N 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 50ns 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_charging 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 =
Vce) both the MSB and the LSB flash converter perform
a true sample and hold operation during the
acquisition or sampling period. This period starts after
the falling edge of INT and ends with the falling edge
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 S1, 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 .25V/us (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 anaiog 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
TH mode. The ML2261 in S/H mode can digitize
signals of frequencies as high as 250kHz @ 5V (slew
rates as high as 4V/us) 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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1.21 CONVERTER — T/H MODE

The operating sequence for the WR-RD mode is
illustrated in Figure 7a__Initially, the internal comparators
are auto-zeroed while WR is high. 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 voltages from the
internal resistor ladder. At the same time, the input is
being acquired or sampled by LSB comparators. On the
rising edge of WR, the MSB comparator results are
latched, and the LSB acquisition time is ended by
closing the 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, 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.

1.2.2 CONVERTER — S/H MODE

The operating sequence for S/H mode is illustrated in
Figure 7b. Notice that it is similar to 7H mode
described above except this mode has_a true 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 signal. The MSB comparators 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.

a). T/H Mode
- ———-—\—_———/ : "\
= < > ~
ALL COMPARATORS ~ ACQUISITION LSB
AUTOZEROED. PERIOD. MSB COMPARATORS
COMPARATORS DECIDING.
ARE TRACKING
VIN. LSB
COMPARATORS
ARE SAMPLING
VIN. T
CONVERSION VIN SAMPLING RD BROUGHT LOW
STARTS. ENDS. MSB LATCHES LSB
COMPARATOR COMPARATOR
RESULTS ARE RESULTS AND
LATCHED. BRINGS INT LOW,
b). S/H Mode
WR _——\_/ \
! | |
T T 1
ACQUISITION MSB LSB
OR SAMPLING COMPARATORS COMPARATORS
PERIOD. ALL DECIDING. DECIDING.
COMPARATORS
AUTOZEROED.
CONVERSION MSB RD BROUGHT LOW
STARTS. COMPARATOR LATCHES LSB
VIN SAMPLING RESULTS ARE COMPARATOR
ENDS. HOLD LATCHED. RESULTS AND
TIME STARTS. BRINGS INT LOW.

Figure 7. Operating Sequence (WR-RD Mode)
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1.3 REFERENCE

The +Vger and -Vggr inputs are the reference voltages
that determine the full scale and zero input voltages,
respectively, for the A/D converter. Thus, +Vggr defines
the analog input which produces a full scale output and
-VRer defines the analog input which produces an
output code of all zeroes. The transfer function for the
A/D converter is shown in Figure 8.

+VRer and -Vger can be set to any voltage between GND
and Vce. This means that the reference voltages can be
offset from GND and the difference between +Vggr+ and
-VRger- can be made small to increase the resolution of
the conversion. Note that the total unadjusted error
increases when [+Vggr — (-VRep)] decreases.

ouTPUT
CODE FULL SCALE
TRANSITION
nnmnm
11111110
111101
I
|
| Vi
1 /
’
! 4
| 7’
’
00000011
00000010
00000001
——————— At
0 1LSB2LSB'S 3LSB'S X Fs

AN, INPUT VOLTAGE (IN TERMS OF LSB'S)
Figure 8. A/D Transfer Characteristic

1.4 POWER SUPPLY AND REFERENCE DECOUPLING

A 0.]uF ceramic disc capacitor is recommended to
bypass Vcc 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 0.1uF ceramic disc capacitors at
the reference input pins.

1.5 DYNAMIC PERFORMANCE

151 SINUSOIDAL INPUTS

Since the ML2261 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 (f;). Any frequency
components above fy/2 will be aliased below fg/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 fi/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 1/3 to 1/4 of fy«
in order to relax the filtering requirements enough to
make a realizable anti-alias filter.

The maximum sampling rate (fnay) for the ML2261 in
the WR-RD mode, (trp < tjy71) can be calculated as
follows:

1
Ttwr *t tRD * tRi + tp
frax = 1
max — 180ns + 275ns + 215ns + 300ns

fax = 1.031 MHz

twr = Write Pulse Width

tgp = Delay Time between WR and RD Pulses
tg = RD to INT Delay

tp = Delay Time between Conversions

fmax

This permits a maximum sampling rate of 1MHz for the
ML2261. The dynamic performance specifications (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 4.5V, low
distortion sine wave input. The ML2261 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-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.
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0
10 —sNR 48.4dB -10 = sNR 49.1dB
20 |HD -62.87dB _20 |-HD -5833dB
Vce = Vﬂsz =50V Vee = \:KEF = 5.0V
_30 |-TA=25°C 30 |-Ta=25°C
_ 40 -40
5 =
T 50 %, -50
w
8 8 .60
g 2
Z 70 | Z 20
g -80 §2 -80
-90 -90
-100 — B RN I L -100 T rll |||I|r T -l
-110 1 -110
-120 -120
0 200 400 0 200 400

FREQUENCY (KH2)

a) Ouput Spectrum with fiy = 257kHz, fg = TMHz

FREQUENCY (KHz)

b) Output Spectrum with fi\ = 491kHz, fg = TMHz

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
(V22 + V32 +V, 42 + V52)1/z

Vq
where V1 is the rms amplitude of the fundamental and

Vy, V3, V4, V5 are the rms amplitudes of the individual
harmonics.

20 log =

1.5.4 INTERMODULATION DISTORTION

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will
create distortion products, of order (m + n), at sum and
difference frequencies of mfa + nfg, where m, n = 0, 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
(fo + fg) and (fp - fg) and the third order terms-

(2fa + fp), (2fa — fp), (fa + 2fp), and (fo — 2fg) 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 uP to start a
conversion, wait, and then read data with a single read
instruction.

The timing for the RD 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 output
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 injection, degrading
the total unadjusted error, unless CS! is = 20ns before
RDI.

1.6.2 WR-RD MODE

In the WR-RD mode, the WR/RDY 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.

1.6.3 WR-RD MODE — USING INTERNAL DELAY

(trp > tinm0)

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 high the LSB
decision is made. After some internal delay, INT goes
low indicating end 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.

- - -
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1.64 WR-RD MODE — READING BEFORE DELAY

(trp < tinm)

The internally generated delay for the LSB decision
when tgp > t1L is longer than necessary due to
circuit design tolerances of ty delay. If desired, a
faster conversion will result without loss of accuracy by
bringing RD low within the minimum time specified for
trp. The timing diagram for this mode is shown in
Figure 4. WR is the same as when tgp > tinyi. But in
this case, RD is brought low tgp ns after WR rising
edge and before INT. INT goes low indicating an end
of conversion after the falling edge of RD and is reset
on the rising edge of RD or CS. When RD is brought
low before INT goes low the data_bus always remains
in the high-impedance state until INT.

1.6.5 WR-RD MODE — STAND ALONE OPERATION

Stand alone operation can be implemented by tying CS
and RD low as shown in Figure 5. WR initiates a
conversion as before. When WR is low, the MSB
comparison is made. When, WR goes high, the LSB
comparison is made. Since RD is already low, the
output data will appear automatically at 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, an internal 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
3us, INT remains high and the data bus is in the high-
impedance state.
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2.0 TYPICAL APPLICATIONS

Vcc
+15Vnc ML2261 ML2261
N Vec
S A + v l R
AuF *Vrer AuF
VIN I 0 TO Vcc 0— VN 1:
g * ]F -VREF
-15VpC GND %
* NO PROTECTION IS REQUIRED IF INPUT CURRENT > 25mA
Figure 10. Protecting the Input Figure 11. Using V¢ as Reference for Ratiometric
Operation
I ADDRESS 68008
ML2261
= ADDRESS
475V S DECODE [0~ s
+VREF ’ VREFOUT
AuF
ML2261 J; ML2340 Vi o— Nt DTACK

=)

Ol
2
=l

_D ..__:> D/A
0 < ViN < Vcc 0— P WITH
. REFERENCE[ 0 Vour

{ DATA DBO

DB7
DBO
> DB7

Figure 12. Using External Reference of D/A Figure 13. 68000 Type Interface to ML2261
[ oGS
5V WR O WR
)
WFEJE +VREF o | O RDX
= 4
.lyF_ltr REF s
GND DB
o | 1 B : 9t
1{ -
VINO—<500Q<><-1

e
l

+VREF

>o » DBB

13t

gy m
=
5
Ol
e

ViN pg7
VREr DBO

L J_— GND

Figure 14. 9-Bit Resolution
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2.0 TYPICAL APPLICATIONS (Continued)

5V

50K %
<

~
@

>
>

P
<

VIN—AAM—— -

ML2261

VIN

Figure 15. +2.5V Analog Input Range

ViNO—

VREF
o
1 CSle cs
WR WR
RD RD A
INT & > iNT
VINA O ML2261
% 2
| ] [
WR« _
RD RD B
INT| » INT
VINB O———1 MmL2261
o DATA

)

L~

Figure 16. Simultaneous Sampling of Two Variables

DB7
DBO DATA ‘>
NT
ROfe— i
ML2261

DB7
DBO
o | | cock
S 1 | source
é OR ML2341
- TIMER D/
[
Vouro—| ad
ouT! WE

ADDRESS
DECODE

Figure 17. TMS320 Interface with D/A Output

ML2261 8051

gl

VIN O— | =
WRie P3, 1
RD P3, 2
iNT P3,3
DB7 P,
DBO :DAT" > P1,0

Figure 18. 8051 Interface to ML2261
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TYPICAL AAPP”CA-"ONS (Continued)

Vce (5Vpo
o
P
4k b3
Vi Em——
+VREF c
1k < & g
< = 1l
9 0.85Vcc AuF N
2k S ML2261 =
1
ANALOG ' v
SOURCE N
w0k
= 3 -
T -VREF
1k :’ + == AuF
4[ ZERO ADJ 015Vcc
J =
4

Figure 19. Operating with a Ratiometric Analog Signal of 15% of V¢ to 85% of Vcc

ORDERING INFORMATION

TOTAL . TEMPERATURE
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE

ML2261BMJ +% LSB -55°C to +125°C HERMETIC DIP
ML2261BlJ —40°C to +85°C HERMETIC DIP
ML2261BCP 0°C to +70°C MOLDED DIP

ML2261BCQ 0°C to +70°C MOLDED PCC
ML2261CM]) +1 LSB -55°C to +125°C HERMETIC DIP
ML2261ClJ -40°C to +85°C HERMETIC DIP
ML2261CCP 0°C to +70°C MOLDED DIP

ML2261CCQ 0°C to +70°C MOLDED PCC
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ML2264

4-Channel High-Speed 8-Bit

A/D Converter with T/H (S/H)

GENERAL DESCRIPTION

The ML2264 is a high-speed, uP compatible, 4-channel
8-bit A/D 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
Vce.

The ML2264 has two different pin selectable modes.
The T’H mode has an internal track and hold. The S/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 1/O port
to a uP. 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.

FEATURES

n Conversion time, WR-RD mode over temperature
and supply voltage tolerance
Track & Hold Mode ....................
Sample & Hold Mode 680ns max
m Total unadjusted error +1/2 LSB or =1 LSB
m Capable of digitizing a 5V, 250kHz sine wave
m 4-analog input channels
m No missing codes
m 0V to 5V analog input range with single 5V power
supply
m No zero or full scale adjust required
= Analog input protection 25mA min
m Operates ratiometrically or with up to 5V voltage
reference
m No external clock required
m Power-on reset circuitry
mlow power ...
u Narrow 24-pin DIP or surface mount SOIC
m Superior pin compatible replacement for AD7824

BLOCK DIAGRAM

PIN CONNECTIONS

24-Pin DIP 24-Pin SOIC
Ve +VReF -VREF GND
SH/TH T T
T T | ana]1 ~ uflvee  ANe 24 T Ve
+Vee—{ 4 BT AN3[]2 []swin  AN3H2 23 [T SH/TH
FLASH
AINIO—J A/D A|N2[3 22]A0 AIN2[CT]3 22 11 A0
-Vrer— (MSB) ani]s nfla AIN1CT 4 n A
AN 204
DECODE 5 20 |17 DB7
Py _] iocic, (2287 mope[]s wfjosy  MOPEL -
AN 30 +VREF LATCH [© DB6 pBo LI 6 1 |1 DB6
SAMPLE a7 s |o pss oso[] 6 19[] pse
& DA }— THREE |0 pps pB1 [T] 7 8 71 DBS
AN 40] HOLD swre [0 0% oei[]7 18{] oBs ez s B -
OUTPUT
BUFFER |-O DB2 oe2[] 8 17[] oss pB3 ] o Y ==Ky
> Lo DB = -
S 6 pBo oss[] 9 w6l cs ' 0 15 T3 WR/RDY
y #D[] 10 s[]WRRDY T 14 [T +Veer
-Veer | (LSB) _
16 T[] n 18] +veer GND [ 2 13 -VREF
ADDRESS Gnp[] 12 13[] veer
pATCH TIMING TOP VIEW
& P VIEW
J) l CONTROL —l 10!
A0 Al INT CS WR/RDY RD  SH/TH MODE
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PIN DESCRIPTION

PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION
1 AIN 4  Analog input 4. 15 'WR/RDY  Write input or ready output. In
Al log i ! WR-RD mode, this pin is WR
2 N3 Analog fnput 3 input. In RD mode, this pin is
3 AIN2  Analog input 2. RDY open drain output. See
4 AIN1  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 = V¢cc: WR-RD mode perform a conversion.
Pin has internal current source 17 DB4 Data output — bit 4.
Iid D. .
6 DBO pDut owtn tc: GNb’t 0 (LSB) 18 DB5 Data output — bit 5.
; . Data °"tp”t - bft ] (L5B). 19 DB6  Data output — bit 6.
; o, Da a output — bf ) 20 DB7  Data output — bit 7 (MSB).
ata output — ft ’ 21 Al 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 A0 Digital address input 0 that
data into output latches. See selects analog input channel.
o Digital Interface section. See multiplexer addressing
11 INT Interrupt output. This output section.
signals the end of a conversion 23 SH/TH  S/H, TTH mode select. When
and indicates that data is va.\h.d SH/TH = Vg, the device is in
on the data outputs. See Digital sample and hold .mode. When
Interface section. SH/TH = GND, the device is in
12 GND Ground. track and hold mode. Pin has
. internal pulldown current
13 -VREr Negative reference voltage for n
A/D converter. source to GND.
- o
14 +VRer Positive reference voltage for 24 Vee Positive supply. +5 volts £ 5%.

A/D converter.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage, Vee wvvnveiiiiii i 6.5V
Voltage
Logic Inputs ...l -0.3V to V¢ + 0.3V
Analog Inputs ...l -0.3V to V¢ + 0.3V
Input Current per Pin (Note 2) ...................... +25mA
Storage Temperature ....................... -65°C to +150°C
Package Dissipation
at Tp = 25°C (Board Mount) ..............ccoooeeen. 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.)
Infrared (15 S€C.) ..vvvviiriiiii it

OPERATING CONDITIONS

Supply Voltage, Vee veevevvviiinniiiiin 4.5Vpc to 6.0Vpc
Temperature Range (Note 3) .............. TN = Ta = Tmax
ML2264BM), ML2264CM) ................. -55°C to +125°C
ML2264Bl), ML2264Cl) ...........c.oonenent. -40°C to +85°C
ML2264BCS, ML2264CCS
ML2264BCP, ML2264CCP ............. ... 0°C to +70°C
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Tp = Tpun t© Tmax Voe = +Veer = 5V £ 5%, and -Vggr = GND

ML2264XCX ML2264XIX, ML2264XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX |UNITS
Converter
Total Unadjusted Error
ML2264BXX 5, 7 VREF = Vcc +1/2 +1/2 LSB
ML2264CXX +1 +1 LSB
Integral Linearity Error
ML2264BXX 5,7 | Veer = Ve +1/2 +1/2 | LSB
ML2264CXX +1 +1 LSB
Differential Linearity Error
ML2264CXX +1 +1 LSB
Full Scale Error
ML2264BXX 5 +1/2 +1/2 LSB
ML2264CXX +1 +1 LSB
Zero Scale Error
ML2264BXX 5 +1/2 +1/2 LSB
ML2264CXX +1 +1 LSB
Channel to Channel 5 +1/4 +1/4 LSB
Mismatch
+VRer Voltage Range ~VRee Vec+01 ~VRer Vccet01 \"
-Vger Voltage Range GND-0.1 +Vree  |{GND-01 +VRer \%
Reference Input 1 2 3 1 2 3 kQ
Resistance
Analog Input Range 58 GND-01 Vce+01 [GND-01 Vcet+01 \%
Power Supply Sensitivity 5 |DC +1/32 +1/4 +1/32 +1/4 LSB
VCC=5V:t5%, VREF=4'50V
100mVp-p +1/16 +1/16 LSB
100kHz sine on V¢,
VIN =0
Analog Input Leakage 5 |ON Channel = V¢ » 4 uA
Current, OFF Channel OFF Channel = 0V
ON Channel = 0V
OFF Channel = V¢ 1 1 HA
Analog Input Leakage 5 |ON Channel = 0V 1 4 A
Current, ON Channel OFF Channel = V¢ H
ON Channel = V¢e
OFF Channel = OV ! oA
Analog Input Capacitance During Acquisition Period 45 45 pF
Digital and DC
Viniy Logical “1” Input s 'WR, RD, CS, A0, A1 20 20 v
Voltage MODE, SH/TH Vce-0.5 Vee-05 \%
Vinoy Logical “0” Input s 'WR, RD, CS, A0, Al 03 08 \Y
Voltage MODE, SH/TH 05 05 \%
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EI_ECTRICAI. CHARACTER'STICS (Continued)

Unless otherwise specified, Ta = Tmin to Tmax, Vec = +Vger = 5V = 5%, ~Vger = GND, and timing measured at 1.4V,

C, = 100pF.
ML2264XCX ML2264XIX, ML2264XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX |UNITS
Digital and DC (Continued)
||N(1), Logical “1” m’ EBI a’ 1 1 /‘A
Input Current 5 [Vin=Vcc | AO, Al
MODE, SH/TH 15 50 150 15 50 150 LA

Iy Logical “0” 5 |V, .=GND | WR, RD, CS -1 -1 LA
Input Current MODE, SH/TH | -20 20 LA
VOUT(1)I LOgiC8| “1” 5 IOUT = -2mA 4.0 4.0 \%
Output Voltage
VOUT(O)/ LOgiC&' “0” 5 IOUT = 2mA 0.4 0.4 \%
Output Voltage
lout, Three-State Output 5 Vour = 0V -1 -1 A
Current Vour = Vee 1 1 LA
Cour, Logic Output 5 5 pF
Capacitance
Cjn Logic Input 5 5 pF
Capacitance
Icc, Supply Current 5 [CS=WR=RD="“1" 25 27 mA

No Output Load
AC and Dynamic Performance (Note 9)
tcrp, Conversion Time, 5 |RD to INT, MODE = 0V 1020 1100 ns
Read Mode
tcwr-rp, Conversion Time,| 5,9 |WR Falling T
Write-Read Mode Edge to INT, |oH/TH=Vec 680 735 | ns

tro < tiNT) _

MODE = V. |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.

SH/TH = Vcc, MODE = Vcc

fsampLNG = 1.0 MHz
HD, Harmonic Distortion VN = 5V, 250kHz -63 -63 dB

THD is sum of 2-5th

harmonics relative to

fundamental.

SH/TH = Ve, MODE = Ve

fsampung = 10 MHz
IMD, Intermodulation fa = 2.5V, 250kHz -60 -60 dB
Distortion fb = 2.5V, 248kHz

IMB is (fa + fb), (fa - fb),

(2fa + fb), (2fa - fb),

(fa + 2fb), or (fa - 2fb)

relative to fundamental.

SH/TH = Vcc, MODE = VCC

fSAMPLINC = 1.0 MHz
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, Tp = Tpyn t0 Tmax Vee = +VRee = 5V £ 5%, —VREF = GND, and timing measured at 1.4V,

C. = 100pF
ML2264XCX ML2264XIX, ML2264XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 49 | MAX (UNITS
AC and Dynamic Performance (Note 9) (Continued)
FR, Frequency Response VN = 5V, 0-250kHz 101 +0:1 dB
Relative to 1kHz
SH/TH = Ve, MODE = V¢
fsampunG = 10 MHz
SH/TH =V, 40 40 | Vips
SR, Slew Rate Tracking 6 <
SHATH = GND 25 25 | Vips
tas, Multiplexer Address 5 |SH/TH = GND, Figure 1 0 0 ns
Setup Time (Track & Hold Operation)
tan, Multiplexer Address 5 |SH/TH = GND, Figure 1 60 70 ns
Hold Time (Track & Hold Operation)
tas, Multiplexer Address 5 [SH/TH = V¢, Figure 2 225 245 ns
Setup Time (Sample & Hold Operation)
tan, Multiplexer Address 5 |SH/TH = V¢, Figure 2 60 70 ns
Hold Time (Sample & Hold Operation)
AC Performance Read Mode (Pin 5 = 0V), Figure 4
troy, CS to RDY Delay 5 0 50 0 55 ns
trop, RD Low to 5,10 |Figure 3 1020 1100 ns
RDY Delay
tcss CS to Eﬁ, WR 5 0 0 ns
Setup Time
tesHr CS to EB, ‘WR 5 0 0 ns
Hold Time
tcrps Conversion Time — | 5, 10 1020 1100 ns
RD Low to INT Low
tacco Data Access Time 5 tcrRD tcro*30 tcrD tcrp*30 ns
RD to Data Valid
trROPW: RD Pulse Width 5 tcrp+30 tcrp*30 ns
tinth, RD to INT Delay 5, 10 0 60 0 70 ns
tpy, 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 |Sample & Hold Mode, 300 325 ns
Conversions — INT Low SH/TH = V¢
1 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 ﬁ, 'WR 5 0 0 ns
Setup Time
teshr CS to ﬁ, 'WR 5 0 0 ns
Hold Time
_ SH/TH = Ve 190 50K 205 50K ns
twr, WR Pulse Width —
6 [SH/TH = GND 320 50K 360 50K ns
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ELECTR'CAI. CHARACTE RlSTICS (Continued)

Unless otherwise specified, Tp = Typyn to Tmax, Vec = +VRer = 5V £ 5%, -Vrer = GND, and timing measured at 1.4V,

C, = 100pF
ML2264XCX ML2264XIX, ML2264XMX
TYP TYP

PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN | (Note 4) | MAX [UNITS

AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 (Continued)

trp, Read Time — WR 5 |tro < tiNTL 275 300 ns

High to RD Low Delay

tgy RD to INT Delay 5,10 [trp < tinTL 0 215 0 230 ns

tacct Data Access Time 5 tro < tiNTL 0 220 0 240 ns

— RD Low to Data Valid

tewrgp, Conversion Time | 59,10 | tgp < tyygy, SH/TH = Ve 680 735 ns

— WR Falling Edge to —

INT Low 6,9,10 trRD < tUNTL SH/TH = GND 810 890 ns

tinT, Internal Comparison | 5, 10 |tgp > tinTL 620 670 ns

Time — WR Rising Edge

to INT Low

taccy, Data Access Time 5 |trp > tiNTL 0 50 0 60 ns

— RD to Data Valid

tpn, Data Hold Time — 6, 10 |Figure 3 0 50 0 60 ns

RD Rising Edge to Data

High Impedance State

tith, RD! to INT! Delay | 5, 10 0 60 0 70 ns

tp, Delay Time Between 5,10 |Sample & Hold Mode, 300 325 ns

Conversions — INT Low SH/TH = Ve

to WR Low Track & Hold Mode, 240 260 ns

SH/TH = GND

tinwgrs WR! to INT! Delay | 5, 10 |Standalone Mode 0 90 0 100 ns

tip, INT to Data 5, 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;y < GND or V) > 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.
0°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 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, tg;, and tp. For example, for the ML2264XCX in the sample and hold mode, WR/RD mode:
twr = 190ns, tgp, = 275ns with a frequency of 1.020MHz (cycle time of 980ns).

Note 8:  For -Vggr = V) 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 V¢ supply. Be careful, during testing at
low V¢ 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
VN or Vggr does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute 0Vpc to
5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature variations, initial tolerance and
loading.

Note 9: Conversion time, write-read mode = tyg + trp + tg).

Note 10: Defined fron1_ the time an output crosses 0.8V or 2.4V.
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wn 778 KLLLTTTTTTA ... s IR X/ /177X
le— taH [ tan
tas - tAS —»|
7 ‘a’; wR \
a) RD Mode (Pin 5 = GND) b) WR-RD Mode (Pin 5 = Vo)

Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND)

i ///)Iﬁcz?s Q//////////////

Figure 2. Analog Multiplexer Address Timing for Sample & Hold Mode (Pin 23 = V0

DATA
OUTPUT ouiruT
10pF

ouTPUT
GND
Vcc
K ouTPUT
ENABLE
DATA R
OuTPUT —| ton |
10pF Ve —————
j___ OUTPUT /_
- VoL ————————— Voi +100mV

Figure 3. High Impedance Test Circuits and Waveforms
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[¢ , [« /
S Y " [« _ )
tcsH
{ T

||
R_D ﬁ ‘_w"—R" 'WR A) ,,
*ae | S—
_Q,.h_j tcss: la-tRD>| |=—tp:
koY WITH EXTERNAL PULL-UP RD S& ;‘
HINTH »|tr
Nt T K jL
— UNTH
DBO-DB7 e e b L b :E_ _____ - DB0-DB7 — mm o e e e e e e I D
|e— tACCO——>~| —»ItDH<— taccr—> . ->| tDH tt—
* In SAMPLE & HOLD mode a pull up resistor on RDY should not be Figure 6. WR-RD Mode Timing (tgp < tinti)

used unless CS! 1s = 20ns before RDI.

Figure 4. RD Mode Timing
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||
WR twr 4 \ L
tess -» <tosH tp
® ) X f
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DBO-DB7 = Ve -

Figure 7. WR-RD Mode Stand-Alone Timing CS = RD = 0

tacc2—»| |-

)

toH

Figure 5. WR-RD Mode Timing (trp > tinm0)
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1.0 FUNCTIONAL DESCRIPTION

The ML2264 uses a two stage flash technique for A/D
conversion. This technique first performs a 4 bit flash
conversion on V) 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.

11 MUITIPLEXER ADDRESSING

The ML2264 contains a 4-channel single ended analog
multiplexer. A particular input channel is selected by
using the address inputs A0 and A1. The relationship
between the address inputs, AQ and A1, and the analog
input selected is shown in Table 1.

selected Address Input
Analog Channel A0 Al
AIN1 0 0
AIN 2 1 0
AIN3 .0 1
AIN 4 1 1

Table 1. Multiplexer Address Decoding

The address inputs_are latched into the ML2264 on the
falling edge of the 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
RD! GND GND
'WRI Vee GND
Csi GND Vee
[]] Vce 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 (WR! in the WR-RD mode or RD! in the RD
mode) S1, 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, V| is
connected to the 16 MSB and 15 LSB comparators.
Thus 38 pF of input capacitance must be charged up
through the combined Roy 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 S1 and S4 open and the
analog input at V|y is no longer being sampled; thus
during this time the analog voltage on V| 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 extérnal signal on
V|n 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 50ns 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 charging 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 =
Vce) both the MSB and the LSB flash converter perform
a true sample and hold operation during the
acquisition or sampling period. This period starts after
the falling edge of INT and ends with the falling edge
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 S1, S3, S4 and S6 close, therefore
46 pF of input capacitance must be charged up in
addition to the i 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
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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 .25V/us (16kHz @ 5 volts) without
sacrificing conversion accuracy.

The ML2264 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 ML2264 in S/H mode can digitize
signals of frequencies as high as 250kHz @ 5V (slew
rates as high as 4V/us) without sacrificing conversion
accuracy. In most applications, the S/H mode is more
desirable than T/H mode because of the better dynamic
performance.

1.3.1 CONVERTER — T/H MODE

The operating sequence for the WR-RD mode is
illustrated in Figure 9a. Initially, the internal comparators
are auto-zeroed while WR is high. 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 voltages from the
internal resistor ladder. At the same time, the input is
being acquired or sampled by LSB comparators. On the
rising edge of WR, the MSB comparator results are
latched, and the LSB acquisition time is ended by
closing the 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, 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.

= =1ipF

Rs RoN 5t pF
ViN —‘VW—‘»——A%\-—OX 12K
4 F .
o0 RoN

lt‘%[';‘fs"_oiz( : ; {s

16 MSB COMPARATORS

Ron 3 134pF
L an—oX 36K
6.4K o 1PF RON
1015 X T ose
LADDER S5 pesF =

15 LSB COMPARATORS

Figure 8. Converter Equivalent Input Circuit

1.3.2 CONVERTER — S/H MODE

The operating sequence for S/H mode is illustrated in
Figure 9b. Notice' that it is similar to T7H mode
described above except this mode has_a true 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 signal. The MSB comparators 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). T/H Mode
WR —_\___/ \
- | | |
1 T U
ACQUISITION SB LSB
OR SAMPLING COMPARATORS COMPARATORS
PERIOD. ALL DECIDING. DECIDING.
COMPARATORS
AUTOZEROED.
CONVERSION MSB RD BROUGHT LOW
STARTS. COMPARATOR LATCHES LSB
Vin SAMPLING RESULTS ARE COMPARATOR
ENDS. HOLD LATCHED. RESULTS AND
TIME STARTS. BRINGS INT LOW.
b). S/H Mode
_ ——\__—/ : \
e o~ e -
ALL COMPARATORS ~ ACQUISITION LSB
AUTOZEROED. PERIOD. MSB CCOMPARATORS
COMPARATORS DECIDING.
ARE TRACKING
VIN. LSB
COMPARATORS
ARE SAMPLING
VIN.

CONVERSION VIN SAMPLING RD BROUGHT LOW

STARTS. ENDS. MSB LATCHES LSB
COMPARATOR COMPARATOR
RESULTS ARE RESULTS AND
LATCHED. BRINGS INT LOW.

Figure 9. Operating Sequence (WR-RD Mode)

1.4 REFERENCE
The +Vger and -Vggr inputs are the reference voltages

that determine the full scale and zero input voltages, OUTPUT
i i CODE FULL SCALE
respectively, for the A/D converter. Thus, +Vggr defines \ TRANSITION

the analog input which produces a full scale output and
-Vger defines the analog input which produces an
output code of all zeroes. The transfer function for the
A/D converter is shown in Figure 10. mniior

M+

+VRer and -Vger can be set to any voltage between GND fmoty

and Vcc. This means that the reference voltages can be |

offset from GND and the difference between +Vggp+ and |

-VRer- can be made small to increase the resolution of | ,
|

4

the conversion. Note that the total unadjusted error it
increases when [+Vggr — (-Vggp)] decreases. 000000114

000000101
1.5 POWER SUPPLY AND REFERENCE DECOUPLING 00000001 1
A 0uF ceramic disc capacitor is recommended to oooo0000 b >
bypass Vcc to GND, using as short a lead length as 0 1LSB2LSB'S 3LSB'S X ks
possible. A, INPUT VOLTAGE (IN TERMS OF LSBS) |~ ' °
If REF+ and REF- inputs are driven by long lines, they
should be bypassed by 0:1uF ceramic disc capacitors at Figure 10. A/D Transfer Characteristic

the reference input pins.
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1.6 DYNAMIC PERFORMANCE

1.61 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 1/2 the sampling rate (f;). Any frequency
components above fy/2 will be aliased below fy/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 fy/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 1/3 to 1/4 of fyax
in order to relax the filtering requirements enough to
make a realizable anti-alias filter.

The maximum sampling rate (fax) for the ML2264 in
the WR-RD mode, (tgp < 1) can be calculated as
follows:

1
f oo T
T twr *+ trD * tri * tp

1
fmax = G565 = 275ns + 215ns + 300ms

frmax = 1020 MHz

twr = Write Pulse Width

tgp = Delay Time between WR and RD Pulses
ti = 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.

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 491kHz, 0 to 4.5V, 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

0 T 0
10 }— 10 -
SNR 48.4dB SNR 49.1dB
_20 |_HD -62.87dB 90 | HD -5833d8
Vce = \{,REF = 5.0V Vee = VRer = 5.0V
_30 |- Ta=25°C 30 = Ta = 25°C
-4 -40
5 ~
2 50 £ 50
"‘" 'Y
5 -60 S 60
- =
Z 70 L 5 0
g -80 g -80
-90 -90
-100 T—* H I L -100 Ir’|IIIIII' 1 '
-10 1 -110

200
FREQUENCY (kHz)

a) Output Spectrum with fi\ = 257kHz, fg = 1TMHz

400

200 400

FREQUENCY (kHz)

b) Output Spectrum with fyy = 491kHz, fs = 1TMHz

Figure 11. Dynamic Performance, Sample and Hold Mode
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(V22 + V32 + V42 + V52)%
Vi

where V; is the rms amplitude of the fundamental and
Vg, V3, Vg4, Vs are the rms amplitudes of the individual
harmonics.

20 log =

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
(V22 + V32 + V42 + V52)1/z

Vi
where V; is the rms amplitude of the fundamental and

Vay, V3, V4, Vs are the rms amplitudes of the individual
harmonics.

20 log =

1.6.4 INTERMODULATION DISTORTION

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will
create distortion products, of order (m + n), at sum and
difference frequencies of mfs + nfg, where m, n = 0, 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 + fg) and (fo - fg) and the third order terms

(2fa + fg), (2fa — fg), (fa + 2fg), and (fa - 2fg) 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 WR/RDY pin is configured as the
RDY output. The read mode performs a conversion
with a single RD pulse. This allows the uP 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 output _
data lines return to the high impedance state and INT
returns high.

1.7.2  WR-RD MODE

In the WR-RD mode, the WR/RDY 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

(trp > tinm)

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 end _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

(tgp < tinm)

The internally generated delay for the LSB decision
when tgp > tiy7 is longer than necessary due to
circuit design tolerances of t\r delay. If desired, a
faster conversion will result without loss of accuracy by
bringing RD low within the minimum time specified for
trp. The timing diagram for this mode is shown in
Figure 6. WR is the same as when tgp > tinyi. But in
this case, RD is brought low tgp ns after WR rising
edge and before INT. INT goes low indicating an end
of conversion after the falling edge of RD and is reset
on the rising edge 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.

1.7.5 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, WR goes high, the LSB
comparison is made. Since RD is already low, the
output data will appear automatically at 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, an 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
3us, INT remains high and the data bus is in the high-
impedance state.
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2.0 TYPICAL APPLICATIONS

5V
F15VDC g ADDRESS 68008
\
“UI. ML2264
Auf cs ADDRESS A
AIN T A0 peEcoDE ™S
m2264 | Al
15V INT DTACK
1 RD |« R/W
* NO PROTECTION 1S REQUIRED IF INPUT CURRENT > 25mA DD%
Figure 12. Protecting the Input )
DB7
{ DATA > DBO
Figure 15. 68000 Type Interface to ML2264
ML2264
Vce o5V
O— AN +
o— +VREF AuF
0'S Vin < Ve 0— I sv
] - !
~Veer 50K S
GND 3 25K
ML2264
VINO—AAA—¢ o—AINT
Figure 13. Using V¢ as Reference for Ratiometric AIN2
Operation O—|AIN3
o—AIN4
12v
£50V Figure 16. +2.5V Analog Input Range
+VRer _L+ VREFOUT
r o— I.l F Vee
0<ViN<a5 O] ML2264 | = ML2340 ML2264 8051
R I ey [P I
P WitH |, AIN 10—] e P31
out [~
REFERENCE AIN 20 Sl P32
A IN 30— Alle P3,3
AN 40— WR |« P3, 4
RD|e P3, 5
INT »{P3, 6
Figure 14. Using External Reference of D/A 087 P17
o e b

Figure 17. 8051 Interface to ML2264
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2.0 TYPICAL APPLICATIONS (Continued)

DATA

A IN 10— INT i
A IN 20— o BDEN
A IN 30—
AN 40— :‘l’ I_
iz B
’_—-
WR DB7 TMS320
DBO /E14
I3 CLOCK C15
SOURCE
L O || Mz
= D/A PAD
PAT
[« PA2
Vouro— bl
our W |¢ WE
Figure 18. TMS320 Interface with D/A Output
Vce (5Vpo
0
Vi ——4
+VREF «
+
=~ auF
ML2264 =
—HAIN 1
ANALOG AIN2
SOURCES AIN3
AIN4

-VREF

s
=~ Auf

Figure 19. Operating with a Ratiometric Analog Signal of 15% of V¢ to 85% of V¢

ORDERING INFORMATION

TOTAL TEMPERATURE
PART NUMBER UNADJUSTED ERROR RANGE PACKAGE

ML2264BM] +% LSB -55°C to +125°C HERMETIC DIP
ML2264BI) —40°C to +85°C HERMETIC DIP
ML2264BCP 0°C to +70°C MOLDED DIP

ML2264BCS 0°C to +70°C MOLDED SOIC
ML2264CM] +1 LSB -55°C to +125°C HERMETIC DIP
ML2264Cl) -40°C to +85°C HERMETIC DIP
ML2264CCP 0°C to +70°C MOLDED DIP

ML2264CCS 0°C to +70°C MOLDED SOIC
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October 1990
PRELIMINARY

ML2271

uP Compatible High-Speed 10-Bit

A/D Converter with S/H

GENERAL DESCRIPTION

The ML2271 is a high speed, uP compatible 10-bit A/D
converter. A three step flash technique is used to
achieve a conversion time of 1.45us. The ML2271
operates from a single 5V supply and has an analog
input range from GND to Vcc.

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/O port
to a uP, eliminating the need for external interfacing
logic. The data outputs are latched and have three
state control, allowing direct connection to a uP bus
or 1/O 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.

FEATURES

m Conversion time over temperature and
supply voltage tolerance
u Linearity error

1.5us
+1/2 LSB or =1 LSB
m Full scale error +1/2 LSB or £1 LSB
m Zero error +1/2 LSB or £1 LSB
m Capable of digitizing a 5V, 150kHz sine wave
m No missing codes
m 0V to 5V analog input range with single 5V power
supply
m Analog input protection 25mA min
m Operates ratiometrically or with up to 5V voltage
reference
m No external clock required
m Easy interface to uP, or operates standalone
m Latched, 3-state data outputs
m Power-on reset circuitry
u Low power 180mW max
m Standard 20-pin DIP or surface mount SOIC
m 0°C to 70°C, -40°C to +85°C, -55°C to +125°C
operating temperature range

BLOCK DIAGRAM

+VREF A Vcc D Vcc
+VREF—]
3-BIT
VIN FLASH
A/D _ —o DB9
-VREF—} — —O DB8
| —O DB7
— LATCH & [—ODB6
e ] aurer 55%
z —
oA 2 3 BUFFER DB4
‘ E - o DB3
Z o [ 0 DB2
» S —0 DB1
S S 0 DBO
] xIW
a
) € 8
< z —O WR
D! S —oTs
< a _
> ° —O RD
— °
. o INT
| TIMING
4 &
Ky 4 CONTROL
A/D > CIRCUITRY
-VRer GND
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PIN CONNECTIONS

20-Pin SOIC

20-Pin DIP
Dvec[]1 Vzojoso D Ve o1 20 i1 DBO
w2 w [] s INT o] 2 19 D DB1
_ WR O 3 18 {01 DB2
W []3 s [] pB2 " o 4 17 o o3
R[] 4 17 [] pe3 Ts o 5 16 O DB4
G[]s 16 [] B4 AVee ad 6 15 {01 DB5
-Vrer O3 7 14 A DB6
avee []e 15 [] oBs vin o 8 13 [0 DB7
veer [17 u[] oss +Veer O 9 12 a1 DB8
win[] 8 5[] osr GND ] 10 11 D DRY
wveer [ 9 12 [] pss TOP VIEW
aNo [ 10 n[] pse
TOP VIEW
PIN DESCRIPTION
PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION
1 D Vece  Digital supply. +5V £ 5%. 7 ~VREr Negative reference input voltage
8 Pply. 8 p! 8
Connect to A Ve for A/D converter.
2 INT Interrupt output. This output 8 VIN Analog input.
signals the end of a conversion 9 +V Positi ;
i L JVETSH REF ositive reference input voltage
and indicates that data is valid for A/D
on the data outputs. See Digital or converter.
Interface section. 10 GND Ground.
3 WR Write input. Input which n DB9 Data output — bit 9 (MSB).
in_iti.ates a conversion. See 12 DB8 Data output — bit 8.
o Digital Interface section. 13 DB7 Data output — bit 7
4 RD Read input. This input latches e
data into the output latches. 14 DB6 Data output bft 6.
See Digital Interface section. 15 DB5  Data output — bit 5.
5 [ Chip select input. This input_ 16 DB4 Data output — bit 4.
mu‘njst befheIc:1 Iog during WR 17 DB3 Data output — bit 3.
and RD for the device to .
perform a conversion. 18 DB2 Data output — b!t 2.
6 AVce  Analog supply. +5V £ 5%. 19 DB1 Data output — bit 1.
Connect to D Vcc. 20 DBO Data output — bit 0 (LSB).

ABSOLUTE MAXIMUM RATINGS

(Note 1)

OPERATING CONDITIONS

Temperature Range (Note 3) .............. TMIN = Ta = Tyax
Supply Voltage, A Ve, D VEE wvnvninrneiniiiininnnnnn 6.5V ML2271BMJ, ML2271ICM) ......oevnennen., -55°C to +125°C
Voltage ML2271BIJ}, ML2271Cl) .oevvveieiiiiinnn -40°C to +85°C
Logic Inputs ... -0.3V to Ve + 0.3V ML2271BCS, ML2271CCS
Analog Inputs ................oll -0.3V to Ve + 0.3V ML2271BCP, ML2271CCP  ........ciiinneen 0°C to +70°C
Input Current per Pin (Note 2) ...........c..ocovuuee +25mA
Storage Temperature ...............coooanl -65°C to +150°C
Package Dissipation
at Tp = 25°C (Board Mount) ...............c..c..... 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 S€C.) .........cooiiiiiiiiiiiiii.. 215°C
Infrared (15sec.) ... 220°C
2-136
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Tpo = Tmin t0 Tmax, D Voc = A Vee = +VRee = 5V £ 5%, and -Vggr = GND

ML2271XCX ML2271XIX, ML2271XMX
TYp TYP
PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN (Note 4) | MAX |UNITS
Converter
Intergral Linearity Error
MIL2271BXX 57 |Veer = Ve +1/2 +12 | LSB
ML2271CXX +1 +1 LSB
Differential Linearity Error
ML2271BXX 5 | Veer = Ve +1/2 +12 | 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 1% 1% LSB
+Vier Voltage Range 6 -VRer V01 ~VRer Vect01 \%
-Vger Voltage Range 6 GND-01 +Veer  |GND-01 +VRer \%
Reference Input 5 9 13 17 9 13 17 kQ
Resistance
Analog Input Range 58 ~VRer +Veer | -Vrer +ViRer \%
Power Supply Sensitivity 5 |DC +1/32 +1/4 +1/32 +1/4 LSB
VCC =5V * 5%, VREF = 4.75V
100mVp-p +1/16 +1/16 LSB
100kHz sine on V¢,
VIN =0
Analog Input Leakage 5,9 |Converter Idle -2 +2 -2 +2 HA
Current
Analog Input Capacitance During Acquisition Period 25 25 pF
Digital and DC
Vingy Logical “1” Input 5 20 20 \
Voltage
ViNoy Logical “0” Input 5 0.8 0.8 \
Voltage
IIN(1) Logical “€” Input 5 ViN = VCC 1 1 LA
Current
Iing) Logical “0” 5 |Vn=0V -1 -1 LA
Input Current
Vourqy Logical “1” 5 |lour = -2mA 40 40 v
Output Voltage
Voury Logical “0” 5 |lour = 2mA 04 04 v
Output Voltage
lout, Three-State Output 5 Vour = OV -1 -1 HA
Current Vour = Vee 1 1 LA
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ELECTR'CAL CHARACTE RI STICS (Continued)

Unless otherwise specified, Tp = Tmin to Tmax, D Ve = A Ve = +Vger = 5V £ 5%, -Vger = GND, and timing
measured at 1.4V, C; = 100pF.

ML2271XCX ML2271XIX, ML2271XMX
. TYP TYP

PARAMETER NOTES CONDITIONS MIN (Note 4) MAX MIN (Note 4) MAX |UNITS
Digital and DC (Continued)
Cour, Logic Output 5 5 pF
Capacitance
Cin Logic Input 5 5 pF
Capacitance
lce, Supply Current, 5 |CS=WR=RD=0 32 35 mA
Analog Plus Digital No Output Load
AC and Dynamic Performance (Note 9)
tcony, Conversion Time, 6 | Figure 2 1450 1600 ns
Interrupt Mode
tcony, Conversion Time, 5 |Figure 3 1450 1600 ns
Write-Read Mode
tconv, Conversion Time, 6 |Figure 4 1450 1600 ns
Read Mode
SNR, Signal to Noise Ratio ViN = 5V, 150kHz 60 60 dB

Noise is sum of all

nonfundamental

components

from 0-300kHz.

fsampung = 600kHz
HD, Harmonic Distortion VN = 5V, 150kHz -60 -60 dB

THD is sum of 2-5th

harmonics or aliases relative

to fundamental.

fsampLInG = 600kHz
IMD, Intermodulation fa = 2.5V, 150kHz -60 -60 dB
Distortion fb = 2.5V, 148kHz

IMB is (fa + fb), (fa - fb),

(2fa + fb), (2fa - fb),

(fa + 2fb), or (fa - 2fb)

relative to fundamental.

fsampring = 600kHzZ
FR, Fregency Response VN = 5V, 0-150kHz $01 101 dB

Relative to 1kHz

fsampLING = 600kHz
SR, Slew Rate Tracking 2.36 236 Vius
AC Performance, Figures 2, 3, 4, and 5
tcss E to E, WE 5 0 0 ns
Setup Time
teshy CS to E, WR 5 0 0 ns
Hold Time
twr, WR Pulse Width 5 250 50K 300 50K ns

2-138

@ Micro Linear



ML2271

ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise specified, Tp = Tpyiny t0 Tmax, D Ve = A Ve = +Vger = 5V &= 5%, and —Vgge = GND, and timing
measured at 1.4V, C = 100 pF.

ML2271XCX ML2271XIX, ML2271XMX
TYP TYP

PARAMETER NOTES CONDITIONS MIN (Note 4) MAX MIN (Note 4) MAX |UNITS
AC Performance, Figures 2, 3, 4, and 5 (Continued)
taccz, WR to Data Valid 5 1500 1600 ns
trp, Read Pulse Width 5 100 120 ns
twr, WR! to RDI 6 0 0 ns
e, RD! to INTH 5 10 50 10 50 ns
tru, RD to INT} 5 0 50 0 50 ns
tacct, Data Access Time, 5 0 55 0 60 ns
RD! to Data Valid
tip, Data Access Time, 5 0 55 0 60 ns
INT! to Data Valid
tyh ton, RD! 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 22 When the voltage at any pin exceeds the power supply rails (Vjy < GND or V) > 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.
0°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 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.

Note 8:  For —Vggr = V) 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 V¢ supply. Be careful, during
testing at low V¢ 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 Vjy or Vgge does not exceed the supply voltage by more than 100mV, the output code will be correct. To
achieve an absolute 0Vpc to 5Vpc input voltage range will therefore require a minimum supply voltage of 4.900Vpc over temperature
variations, initial tolerance and loading.
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DATA
OUTPUT
10pF 5k
Vec
5k
DATA
OUTPUT
T

cs
_>| tcsH l — L—tcsu
OUTPUT [ fess tess—>| -
ENABLE —\
WR
Vou VOH-100mV
OUTPUT —»{ twr < tp
GND —\
RD |———tCONV ——>>| N 7[
—» tRD |=
- tINTH
OUTPUT 7 — \
ENABLE INT N
—>| toH [« tacCt —»| |-— )
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Vou oL DB0-DB9 DATA

Figure 1. High Impedance Test Circuits and Waveforms

a

N

=

DB0-DB9

Figure 2. Interrupt Mode Timing

j [ —>‘ <— tcsH

N tcss
WR
- k-
tWRL tRD )
\ S
e I
tcony | tp
tD—>| | > tiH, toH
N _{ vauDN_ _ _ _ _
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tacc
Figure 3. WR-RD Mode Timing
cs
—»| |- tcss —->1 tCsH
WR, RD 5\ 7
tconv > tp
INT
] UNTH
tip | »| |e—tiH, toH
te———tacc2
DBO-DB9 , VALID %

READ IS TIED TO WRITE
Figure 4. RD Mode Timing
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1.0 FUNCTIONAL DESCRIPTION

The ML2271 uses a three step flash technique for A/D
conversion. This technique first performs a 3 bit flash
conversion on V|y 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 (ISB decision). This procedure is then
performed again to provide the final 4 least significant
bits (LSB decision).

The ML2271 has a true internal sample and hold. The
internal operating sequence is shown in Figure 5. The
falling edge of WR opens the S/H sampling switch,
ends the acquisition time for the analog input, and
starts the conversion on the internally sample and held
signal. Then the MSB, ISB, and LSB decisions are made.
INT goes low at end of conversion 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.

|

I
|
- ==

4

ACQUISITION 1SB LSB ACQUISITION
PERIOD. ISB AND LSB COMPARATORS COMPARATORS PERIOD. 1SB AND LSB
COMPARATORS DECIDING. DECIDING. COMPARATORS
AUTOZEROED. AUTOZEROED.

ViN SAMPLING 1SB LSB

ENDS. MSB COMPARATOR COMPARATOR

COMPARATORS RESULTS ARE RESULTS ARE

RESULT ARE LATCHED. LATCHED.

LATCHED.

Figure 5. Operating Sequence

11 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 Figure 6B.
The acquisition period for the S/H 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 V| must adequately charge up
the analog voltage during this time. To do this, the
input must settle within the required analog accuracy
tolerance 100ns 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
finite charging 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/us) without sacrificing
conversion accuracy.

1.3 REFERENCE

The +Vger and -Vggr inputs are the reference voltages
that determine the full scale and zero input voltages,
respectively, for the A/D converter. Thus, +Vggr defines
the analog input which produces a full scale output and
-Vger defines the analog input which produces an
output code of all zeroes. The transfer function for the
A/D converter is shown in Figure 7.
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14 POWER SUPPLY AND REFERENCE DECOUPLING
0.1uF in parallel with 0.01uF ceramic disc capacitors are
recommended to bypass A Vcc to GND, as well as D
Vcce to GND, using the shortest lead lengths possible.

+Vrer and -Vggr can be set to any voltage between
GND and Vc. This means that the reference voltages
can be offset from GND and the difference between
+VRer and -Vggr can be made small to increase the
resolution of the conversion. Note that the linearity

error increases when [+Vger - (-Vggp)] decreases.

= —11pF
Vi —«}f/‘
N \
. 1
. I.SpF
o
6 MSB COMPARATORS
RoN S4 .5pF
—an—oX 3.6K
6.4K O5pF RON
1015 _ X . $6
LADDER 5 Eopf = 2
14 1SB COMPARATORS
Ron 16pF
¥ o 200Q
RoN
1000 s7 7.5pF
8

TO S/H BLOCK

"
||}—0

Figure 6A. Converter Input Circuit

Rs 3k

VIN —W I: 3pF O_-LIz:;pF

Figure 6B. Converter Equivalent Input Circuit

OUTPUT
CODE FULL SCALE
TRANSITION

LRRRRRRNI }J——'
11111110
11111101 ’_,J
1
!
I
| 4
|
|
00000011
00000010

00000001

oooo0000 LA 4
0 1LSB2LSB'S 3LSB'S

AN, INPUT VOLTAGE (IN TERMS OF LSB'S)

Figure 7. A/D Transfer Characteristic

FS
FS - 1158

If +Vggr and -Vger inputs are driven by long lines, they
should be bypassed by 01uF in parallel with 0.01uF
ceramic disc capacitors at the reference input pins.

1.5 DYNAMIC PERFORMANCE

1.51 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 1/2 the sampling rate (fy). Any frequency
components above fy/2 will be aliased below fy/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 fs/2, 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 1/3 to 1/4 of fs in
order to relax the filtering requirements enough to
make a realizeable antialias filter.

The maximum sampling rate (fyax) for the ML2271 can
be calculated as follows:

_ 1

tconv * tp
P B
max 1.45us + 0.300us

frax = 570kHz
twr = Write Pulse Width
twrp = Write to Data Delay

fmax

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 + V32 +V 42 + V52)1/z
Vi
where Vy is the rms amplitude of the fundamental and

Vy, V3, V4, V5 are the rms amplitudes of the individual
harmonics.

20 log =

1.54 INTERMODULATION DISTORTION

With inputs consisting of sine waves at two frequencies,
fa and fg, any active device with nonlinearities will
create distortion products, of order (m + n), at sum and
difference frequencies of mfs + nfg, where m, n =0, 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 + fg) and (fa - fg) and the third order terms

(2fa + fp), (2fa - fp), (fa + 2fg), and (fo - 2fg) 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 general rules that dictate the general
relationships between CS, WR, RD, INT, and DB0-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. DB0-DB9 is in the high
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 signals
DB0-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.

1.61 INTERRUPT MODE

Timing for the Interrupt Mode is shown in Figure 2. To
do a conversion, CS must be low to select the device.
INT falling_edge 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 complete, INT
goes low indicating end of conversion. When RD goes
low, DB0-DB9 goes from high impedance to the active
state with the digital result of the conversion. INT is
reset high and DB0-DB9 is reset to high impedance on
the rising edge of RD.

Interrupt Operation is intended to be_used in interrupt
driven systems or applications where INT signals the
transfer of data.

1.6.2 WRITE-READ MODE

Write-Read Operation s the same as Interrupt
Operation except that RD is brought low_before the
internal conversion is completed (before INT goes low).

Timing for Write-Read Operation is shown in Figure 3.
To perform a conversion, CS must be low to select the
device. INT falling edge starts the acquisition period.
The falling edge of WR ends the acquisition period and
the MSB decision is made. Then, the ISB and LSB
decisions are 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 forced low and data_will
appear on DB0-DB9 as long as RD is still low. INT is
reset high and DB0-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 implemented 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 the Read 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 the
conversion is complete, INT goes low. Since RD is fixed
low, DB0-DB9 will go from high impedance to active
state as soon as INT goes low. INT is reset high and
DB0-DB9 is reset to high impedance on rising edge of
WR and RD.
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Read Mode Operation allows a conversion to be done
with the device’s own internal timing and thus, no
external timing is needed.

1.6.4 POWER-ON RESET

When power is first applied, an_internal power-on reset
and timer circuit inhibits the CS input and resets the
internal circuitry to prevent the ML2271 from starting in
an unknown state. During this period of approximately
50us, INT remains high and the data bus is in the high-
impedance state.

2.0 TYPICAL APPLICATIONS

5V
o
+15Voc ML2271
* A Vce ' :
SEK; LT
AuF O1uF
Vix I"T
- * D Vcc - .
X GND -b.wr ==+01pr
-15Vnc 1 :.E =

PROTECTION IS REQUIRED IF INPUT CURRENT > 25mA

Figure 8. Protecting the Input

+VRer

ML2271
+VReF hy +

AuF =R 01uF
0 < VIN = Vcc O—{ Vin :_E I
~VReF
GND 3

Figure 9. Using V¢ as Reference for Ratiometric
Operation

T
~auF
MmL2271

0 = VIN < VRer O—{

-VREF

N
I auF

VREFOUT

ML2341

P WITH
s REFERENCE Vour

»| GAINO
GAIN1

Figure 10. Using External Reference of D/A
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2.0 TYPICAL APPLICATIONS (continued)

ML2271
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g 2

DB9
DBO

z ADDRESS
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Figure 11. 68000 Type Interface to ML2271
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Figure 12, £2.5V Analog Input Range
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2.0 TYPICAL APPI.ICAT'ONS (Continued)

5 o o
N g
RD |+ < i DEN
VINO—] mL2271
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WR e DB7 I X TMS320
DBO /E14
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our WR ¢ WE

Figure 14. TMS320 Interface with D/A Output
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1k + ~ = F
#s AD) L0 g5vcc | N
24k ML2271 =
ANALOG - v
SOURCE N
>
<
Jr' 20k = D Vcc _.L*
1 = -VRef I AuF
1k :’ + < AuF L
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Figure 15. Operating with a Ratiometric Analog Signal of 15% of V¢c to 85% of V¢
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ML2271

ORDERING INFORMATION

TEMPERATURE
PART NUMBER LINEARITY ERROR RANGE PACKAGE

ML2271BM]J +% LSB -55°C to +125°C HERMETIC DIP
ML2271BlJ -40°C to +85°C HERMETIC DIP
ML2271BCP 0°C to +70°C MOLDED DIP

ML2271BCS 0°C to +70°C MOLDED SOIC
ML2271CM] +1 LSB -55°C to +125°C HERMETIC DIP
ML2271Cl) -40°C to +85°C HERMETIC DIP
ML2271CCP 0°C to +70°C MOLDED DIP

ML2271CCS 0°C to +70°C MOLDED SOIC

@ Micro Linear

2-147




I@L Micro Linear

ML2280, ML2283

Serial 1/0 8-Bit A/ D Converters

GENERAL DESCRIPTION

The ML2280 and ML2283 are 8-bit successive approximation
A/D converters with serial I/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 Vc, 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 A/D converter.
All parameters are guaranteed over temperature with a
power supply voltage of 5V +10%.

FEATURES

= Conversion time

6us

= ML2280 capable of digitizing a 5V, 40kHz sine wave
= Total unadjusted error with external

reference
= Sample-and-hold
= 0 to 5V analog input range with single 5V power

supply
m 2.5V reference provides 0 to 5V analog input range
u No zero of full-scale adjust required
= Low power

= Analog input protection

+1>LSBor £1LSB

= Differential analog voltage inputs
= 0.3” width 8- or 14-pin DIP

m 4-channel input MUX option

m Superior pin compatible replacement for ADC0833

375ns acquisition

12.5mW MAX

25mA (min) per input

BLOCK DIAGRAMS
ML2280
CONTROL [¢—OCS
AND
TIMING : J OCIK
smrgr‘:};:glgrzk [—»0 DO

4
_— -

™™ A7D WITH SAMPLE & HOLD FUNCTION | i

v L
IN+0— SUCCESSIVE

APPROXIMATION
REGISTER

ViIN-0—~

D/A
CONVERTER

ML2283

INPUT
SHIFT-REGISTER

[¢—O0 DI

A

L a-Bit
A
CHO 0—
4-CHANNEL
CH10— S.E.
OR
o—] 2-CHANNEL
CH2 DIFF.
MULTIPLEXER
CH30—

CONTROL »O SARS
AND e o ClK
TIMING | g
A
OUTPUT
L %0
SHIFT-REGISTER DO
A/D
CONVERTER —O DGND
WITH
SAMPLE & HOLD
FUNCTION
SHUNT
REGULATOR

4

AGND

)

VREF/2

b4

Vcc V+
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ML2280, ML2283

PIN CONNECTIONS

ML2280 Single Differential Input ML2283 4-Channel MUX
8-PINDIP 14-PIN DIP
v+t~ w[]vec
C_Sl:‘l ~ 8:]Vcc (:_5[2 13]DI
vine+ [ 2 7 [k cHo[]3 7[]ax
vine-) [ 3 6[]po cHi[]4 1[] sars
oNof[js  s[lvwern cH2[]5 10 []oo
cH3[]6 9] Vrer/2
DGND [] 7 8[]AGND
TOP VIEW TOP VIEW
PIN DESCRIPTION
NAME FUNCTION NAME FUNCTION
Vce Positive supply. 5volts + 10% SARS Successive approximation register
DGND Digital ground. Ovolts. All digital status.ﬂ) igital output which indi-
inputs and outputs are referenced cates that a conversion is in pro-
to this point gress. When SARS goes to 1, the
) . sampling window is closed and
AGND Analog igrounfd. The negative refer- conversion begins. When SARS
ence voltage for A/D converter. goes to 0, conversion is com-
GND Combined analog and digital pleted. When CS=1, SARS is in
ground. high impedance state.
CHO, Viy+, ViN-  Analog inputs. Digitally selected to CLK Clock. Digital input which clocks
be single ended (V\) or; V|n+ or data in on DI on rising edges and
V|n- of a differential input. Analog out on DO on falling edges. Also
range = GND< VNSV used to generate clocks for A/D
VREE/2 Reference. The analog input range conversion.
is twice the positive reference DI Data input. Digital input which
voltage value applied to this pin. contains serial data to program the
V+ Input to the Shunt Regulator. . MUX and channel assignments.
DO Data out. Digital output which cs Chip select. Selects the chip for

contains result of A/ D conversion.
The serial data is clocked out on
falling edges of CLK.

multiplexer and channel assign-
ment and A/D converison. When
CS=1, all digital outputs are in high
impedance state. When CS=0,
normal A/D conversion takes
place.
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ML2280, ML2283

ABSOLUTE MAXIMUM RATINGS
(Note 1)
Currentinto V4 ... o 15mA
SupplyVoltage, Vee - .o oo oo 6.5V
Voltage
Logiclnputs ............ ... .o il -7Vto Ve +7V
Analoglnputs ...................... -0.3VtoVcc +0.3V
Input CurrentperPin(Note2) ..................... *25mA
Storage Temperature ..................... -65°Cto +150°C
Package Dissipation
atTa=25°C(BoardMount) ..................... 800mwW
Lead Temperature (Soldering 10 sec.)
Dual-In-Line Package (Molded) .................... 260°C
Dual-In-Line Package (Ceramic) .................... 300°C

OPERATING CONDITIONS

Supply Voltage, Vee v vovovvveiiiiii 4.5Vpct06.3Vpe

Temperature Range (Note 3) ................ TMINS TAS Tmax
ML2280BMJ, ML2283BM} ............... —55°Cto +125°C
ML2280BIJ, ML2283BI) ................. —40°Cto +85°C
ML2280ClJ, ML2283Cl)
ML2280BCP, ML2283BCP .................. 0°Cto +70°C
ML2280CCP, ML2283CCP

ELECTRICAL CHARACTERISTICS

Unless otherwise specified To =Tpn to Tmax, Vec=5V £10%, fc x=1.333MHz, and Vggg/p=2.5V.

ML2280B, ML2283B ML2280C, M12283C
TYP TYP
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS
CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadijusted Error 5,7 | VRer/2=2.5V +12 =1 LSB
VRer/2 not Connected +2 *2 LSB
Reference Input 5 3 5 7.5 3 5 7.5 kQ
Resistance, VREF/Z
Common-Mode Input 58 GND Vce GND Vce \Y
Range -0.05 +0.05 -0.05 +0.05
DC Common-Mode 6 Common Mode ET +1/s +1he +a LSB
Error Voltage GND to V¢,
AC Common-Mode 6 Comon Mode Voltage +1/s +1/a LSB
Error GND to Vcc,
0to 50kHz
DC Power Supply 6 Vee=5V=10% +1/32 +1/4 +1/32 +s LSB
Sensitivity VRer< Ve +0.1V
AC Power Supply 6 100mVp.p, 25kHz Sine +1/s EA LSB
Sensitivity onVce
Change in Zero Error 6 15mAinto V+ +1/2 +1/2 LSB
from V=5V to Inter- Vee=N.C.
nal Zener Operation VReg/2=2.5V
Vz, Internal Diode 15mAintoV+ 6.9 6.9 \4
Regulated Breakdown
(atV+)
V+ Input Resistance 5 20 35 20 35 kQ
log, Off Channel 5,9 | OnChannel=Vc -1 -1 HA
Leakage Current Off Channel =0V
On Channel =0V +1 +1 HA
Off Channel =V¢
lon, On Channel 5,9 | OnChannel=0V -1 -1 A
Leakage Current Off Channel =V¢c
On Channel =V¢c +1 +1 pA
Off Channel=0V
2-150
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ML2280, ML2283

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified Ta=Tpn to Tmax, Vec=5V £10%, fcix=1.333MHz, and Vggg/,=2.5V.

TYP LIMIT

PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
DIGITAL AND DC CHARACTERISTICS
Ving). Logical “1” Input 5 2.0 \
Voltage
V|N(o), Loglcal o lnput 5 0.8 \%
Voltage
Iing), Logical “1” Input Current 5 Vin=Vcc 1 uA
Iin), Logical /0" Input 5 ViN=0V -1 HA
Current
Vourq) Logical “1” Output 5 loyt=-2mA 4.0 \
Voltage
Vour() Logical 0" Output 5 louT=2mA 0.4 \%
Voltage
lour Hi-Z Output 5 Vour=0V -1 A
Current Vout=Vcc 1 HA
Isource, Output Source 5 Vour=0V -6.5 mA
Current
lsink, Output Sink Current 5 Voutr=Vcc 8.0 mA
lcc, Supply Current 5 1.3 25 mA
AC ELECTRICAL CHARACTERISTICS
fcik, Clock Frequency 5 10 1333 kHz
tacqr Sample-and-Hold Tl ek
Acquistion
tc, Conversion Time Not including MUX 8 Uik

Addressing Time
SNR, Signal to Noise Ratio 12 Vin=40kHz, 5V Sine. 47 dB
ML2280 foik=1.333MHz

«SAMPLINGE1 20kHz).

Noise is Sum of All

Nonfundamental

Components up to 12 of

fsAMPLING
THD, Total Harmonic 12 Vin=40kHz, 5V Sine. -60 dB
Distortion ML2280 fok=1.333MHz

(fSAMPLINGglzo kHz).

THDisSumof 2, 3,4,5

Harmonics Relative to

Fundamental
IMD, Intermodulation 12 Vin="fa+g. fa=40kHz, -60 dB
Distortion ML2280 2.5V Sine.

fg=39.8kHz, 2.5V Sine,

fCLK =1.333MHz

(fsAMpUNGEnO kHZ)

IMD is (fA +fB), (fA - fB),

(2 fA +fB), (2 fA - fB),

(fA +2 fB), (fA -2 fB) Rela-

tive to Fundamental
Clock Duty Cycle 5,10 40 60 %
tser.up CS Falling Edge or Data 5 130 ns
Input Valid to CLK Rising Edge
thoLp, Data Input Valid after 5 80 ns
CLK Rising Edge
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ML2280, ML2283

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified Ta =Ty t0 Tmax, Vec=5V £10%, fcix=1.333MHz, and VRgg/p=2.5V

TYP LIMIT
PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS
tod1, tpdo— CLK Falling Edge to 51 | C.=100pF
utput Data Valid Data MSB First 90 200 ns
Data LSB First 50 110 ns
11, ton, — Rising Edge of CS to 6 C_=10pF, R =10k (see 40 90 ns
Data Output and SARS Hi-Z High Impedance Test
Circuits)
6 | C_=100pF R =2k 80 160 ns
Cn, Capacitance of Logic 5 : pF
Input
Cour Capacitance of Logic 5 pF
Outputs

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 (Vj\) at any pin exceeds the power supply rails (Vi< GND or V| > V() the absolute value of current at that
pin should be limited to 25mA or less.

Note 3: -55°Cto +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C
to 70°C and —40°Cto +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 V|(—) 2>V (+) 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 V¢ supply. Be careful,
during testing at low V¢ 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 50mV forward bias of either diode. This means that as long as
the analog V) or Vggr does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute 0V to
5V input voltage range will therefore require a minimum supply voltage of 4.950 V¢ over temperature variations, initial tolerance and loading.
Note9: 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 or the minimum time the clock is low must be at least 300 ns. The maximum
time the clock can be high or low is 60ps.

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| =30kHz, 5V sine (fsampLING=89kHz).
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DATA
OUTPUT t
CL R Vi
OH q
I DO AND E” o
= = SARSOUTPUTS 0
o toH
Vcc
Ve ——
R cs
DATA GND
OUTPUT
a poAND V€ —|—=
I SARS OUTPUTS 0%
= e R —
Figure 1. High Impedance Test Circuits and Waveforms
Data Input Timing Data Output Timing
CLK QK \_/_\
tpdo, tpd1 > tpdo, tpd1
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& DATA
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[e—tSET-UP
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Figure2. Timing Diagrams
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ML2280 Timing

1 2 3 4 5 6 7 8 9 101

—»’ [e—tseT-UP

CHIP SELECT (CS) |

DATA OUT (DO) ——|| ' | | | | I I *
HI-Z

7 6 5 4 3 2 1 0
SAMPLE & HOLD—>| I"— (MSB) (LSB)
ACQUISITION (tacQ)

HI-Z

*LSB FIRST OUTPUT NOT AVAILABLE ON ML2280

ML2283 Timing

1 2 3 4 5 6 7 8 9 10 m 122 1B ¥ 15

fe—tSET-UP

OUTPUT DATA

CHIP SELECT (CS) I ADDRESS MUX

START SELECT
BIT  ODD/SIGN BITO

DATA IN (DI) //// // //////////////// // I/)/é)“/"fliéA{tEM(le DIS//\BI./ED {JN[I’Il NEXT CONVERSION CYCLE)

SGL/DIF SELECT
BIT1

A/D CONVERSION IN PROCESS———1

SAR STATUS (SARS) m

MSB FIRST DATA: LSB FIRST DATA———

DATA OUT (DO) iz | I I | | I I | I | I I I

7
SAMPLE-AND-HOLD (MSB)
ACQUISITION (tacQ) ™| F’

Figure 2. Timing Diagrams (Continued)

HI-Z
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LINEARITY ERROR (LSB)

0.5
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0.75
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E o
2 | 2
2 N
T~
z -55°C N
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~ | S »
0.25 7
TooC =
0
0 0.01 0.1 1
CLOCK FREQUENCY (MHz)
Figure 3. Linearity Error vs fc
1 T
Vcc=5V
Vcc=5V VIN=0V
fclk=1.333MHz fak=1333MHz
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Figure 4. Linearity Error vs Vggp Voltage Figure 5. Unadjusted Offset Error vs Vggr Voltage

@ Micro Linear

2-155




ML2280, ML2283

DSTART 1

3
DIo5-
S 00—
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R R IR R
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__ | obor/ C [«
START | SGL/DIF | SIGN | SELECT1 | SELECT 0
| START
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CIK O X
V(c)( y yADDRESS y
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ld id
3 it SARS®
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4 e
CH1 O d DSTART 2 o
id o ld D Q
s i ANALOG G
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—] DEOC
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REGULATOR 7 i CIRCUITS comp| 1 N _F EOC
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* SOME OF THESE FUNCTIONS/ PINS ARE NOT AVAILABLE WITH ML2280.

Figure 6. ML2283 Functional Block Diagram
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ML2280, ML2283

1.0 FUNCTIONAL DESCRIPTION

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, 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 channel 1 may be
selected as a different pair but channel 0 or channel 1 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
1as the negative input or vice versa. This programmability is
illustrated by the MUX addressing codes shown in Table 1.

The MUX address is shifted into the converter via the DI
“input. Since the ML2280 contains only one differential input
channel with a fixed polarity assignment, it does not require
addressing.

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

S )

0,1
— -

2,3

AR

-(+)

Table1. ML2283 MUX Addressing 4 Single-Ended or 2
Differential Channel

Single-Ended MUX Mode

Figure 7. Analog Input Multiplexer Functional
Options for ML2283

L Micro Linear

MUX Address Channel #
sGL/ | opbp/ | SELECT
DIF SIGN 1 0 1 2 3
1 0 0 1
1 0 1 1 +
1 1 0 1 +
1 1 1 1 +
Differential MUX Mode
MUX Address Channel #
sGL/ | opp/ | _SELECT
DIF SIGN 1 0 0 1 2 3
0 0 0 1 -
0 0 1 1 + -
0 1 0 1 - +
0 1 1 1 - +
4 SINGLE-ENDED
0o —+
1 —1 +
22—+
33—+
Inm AGND
MIXED MODE
—_—
0,1
2— +
33— +
I AGND
2-157




ML2280, ML2283

1.2 Digital Interface -
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 /2 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 Dl 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
uP immediately.

After 8 clock periods, the conversion is completed. The SAR
status line returns low to indicate this /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 is
shifted out a second time with LSB first. The ML2280 data is
shifted out only once, MSB first.

Allinternal registers are cleared when the CSinputis 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-

Vec
5V
<b
5; 10k
ML2280 VREF/2 +
Mi2283 l 74
S1ok
3 vz
1.2v

iGND

VEULL-SCALE=2.4V

Ve
NOTE: NO EXTERNAL BIASING RESISTOR NEEDED IF Vz< —gs and Iz min.<

Figure 8.

trolled through a bidirectional uP 1/O 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 A/ D converter must remain
stable with time and temperature. For ratiometric applica-
tions, see the ML2281 and ML2284 which have a Vggr input
that can be tied to Vcc.

The voltage applied to the Vggg/2 pin defines the voltage span
of the analog input (the difference between VIN + and Vy—)
over which the 256 possible output codes apply. A full-scale
conversion (an all 1s output code) will result when the voltage
difference between a selected “+” input and *“—"" input is
approximately twice the voltage at the Vggg/, 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
5Vpc converter supply. To accommodate a 5V input span,
only a 2.5V reference is required. The output code changes
in accordance with the following equation:

Output Code =256 <M>
2(Vrer/2)

where the output code is the decimal equivalent of the 8-bit
binary output (ranging from 0 to 255) and the term Vggg/2 is
the voltage to ground.

The Vggr/2 pin is the center point of a two resistor divider
(each resistor is 10kQ) connected from V¢ 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 V¢, can be connected without
requiring an external biasing resistor if its current require-
ments meet the indicated level.

The minimum value of Vggg/2 can be quite small (See Typical
Performance Curves) to allow direct conversions of trans-
ducer outputs providing less than a 5V output span. Particu-

Vcc

Mi2280
Mi2283

VREF/2

2.5V

[ono

VEULLSCALEZ5.0V

Vec/2—-Vz
5kQ

Reference Biasing
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ML2280, ML2283

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 (1LSB equals Vger/256)-

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 uP 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
60Hz, 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 S/H 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, these A/ D converters can
reject AC common mode signals from DC-50kHz 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 /2 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. /2 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.

For latch-up immunity each analog input has dual diodes to
the supply rails, and a minimum of +25mA (% 100maA typi-
cally) can be injected into each analog input without causing
latch-up.

1.5 Zero Error Adjustment

The zero of the A/D does not require adjustment. If the mini-
mum analog input voltage value, ViymiN 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 V) — input at this VjymiN Value. This utilizes the
differential mode operation of the A/D.

The zero error of the A/ D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the VN — input and applying a small magnitude
positive voltage to the V| + 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 /2 LSB value (/2LSB=9.8 mV for
VRer/2=2.500Vpc).

1.6 Full-Scale Adjustment

The full-scale adjustment can be made by applying a differen-
tial input voltage which is 1/2LSB down from the desired
analog full-scale voltage range and then adjusting the magni-
tude of the Vger/2 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 A/ 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 V| + voltage which equals this
desired zero reference plus /2 LSB (where the LSB is calcu-
lated for the desired analog span, 1LSB =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 V| + input which is given by:

Vin+ fs adjust = Vpax —1.5*[(Vimax— VMIN) / 256]
where Vpax = high end of the analog input range
Vmin = low end (offset zero) of the analog range

The Vger or Ve 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 Vc 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
VgE set by the internal resistor ratio. The typical I-V curve of
the shunt regulator is shown in Figure 10. It should be noted
that before V + voltage is high enough to turn on the shunt
regulator (which occurs at about 5.5V), 35k 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.

&, Micro Linear

2-159




MI12280, ML2283

2V V+

I+— |

CURRENT LIMITING |
RESISTOR, I + <15mA I

| SRR R — |

Figure9. Shunt Regulator

BmMAF——————————

Figure 10. 1-V Characteristic of the

Shunt Regulator

2.0 APPLICATIONS

8051 Interface and Controlling Software

>—{ cHo s [ P13
. CLK P1
o mi2283 ﬂ 8051
. DI [« P
>— cH3 Do | Py
Mnemonic Instruction
START ANL P1,#0F7H | ;SELECTA/D
(CS =0)
MOV B, #5 ;BIT COUNTER « 5
MOV A, #ADDR | ;A < MUXBIT
LOOP1:  RRC A :CY < ADDRESS BIT
iC ONE ;TEST BIT
;BIT=0
ZERO: ANL PI,#OFEH | ;DI <0
SIMP CONT ;CONTINUE
;BIT=1
ONE: ORL P1, #1 D1+ 1
CONT: ACALL PULSE ;PULSESKO — 1 0
DJNZ B,LOOP1 | ;CONTINUE UNTIL DONE
ACALL PULSE ;EXTRA CLOCK FOR SYNC
MOV B, #8 ;BIT COUNTER « 8
LOOP 2: ACALL PULSE PUISESKO = 1—0
MoV A, P1 iCY < DO
RRC A
RRC A
MoV A, C ;A < RESULT
RLC A 7A(0) +— BIT AND SHIFT
MoV CA ;C < RESULT
DINZ B,LOOP2 | ;CONTINUE UNTIL DONE
RETI
;PULSE SUBROUTINE
PULSE: ORL P1, #04 SK <1
NOP ;DELAY
ANL PL#OFBH | ;SK <0
RET
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APPLICATIONS (Continued)
ML2283 ‘‘Stand-Alone”’ or Evaluation Circuit

MUX ADDRESS

g —05Vpe

> 9
5k 3 b3
R U U

e L

[~—START BIT

n 12 13 14 3 4 |5 |6 |8
7
_+— 15 CLKINT PARALLEL INPUTS G\J_g__o L oNC
ClK 7 ‘ 2 INPUT SHIFT REGISTER
» CLK 74HC165
+ 11 sHiFr/ 9
| | [OAD _SIN Vec Do
START 610 &14
NC 5V,
5VDC (ORVIN) be
1k 1k 1k 1k
| | 6 5 4 3
START 2| 3 2 1 0 ol =
sVie 1; [ ANALOG INPUTS v
CLK
> CLK ML2283 j[
1 s
0.01F NCO— SARS © S5tk
VREF/2  AGND D GND V4 Vee DO
To I8 7 &1 X7
2.5V = NC

CLOSETO
START THE - .
A/D CONVERSION ” icc 1
7
J;o.om,‘r GND A Your | ©
CLoCK = OUTPUT SHIFT REGISTER T
GENERATOR —}— 7AHCI64 77
LK 8
V7 > CLK . 2
LR QH Qa
[ 7 m 0 3 3 3 3
Q Df—¢ |
CLK ‘i :& b3 b3
[ 1ak®3 T $
VA VA VA AR VA Y A YU
112 74HC74 . . . 05Voc
MSB DATA DISPLAY 158

Low-Cost Remote Temperature Sensor

Vcc
(5Vpo)
(o)
) .
s
RSET VIN (+) Vcc J_*
IIO;AF
Ry = L
ML2283 37.5k
5Vpc
10k \ 5k
TAMIN ViIN (=) VREF/2 TAMAX
AD). ADJ.
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APPLICATIONS (Continued) X
Protecting the Input
Vcc
5Vpo
15Vpe
or
AMP 600Q
ViN (+) Vcc +
I 10uF
-15Vpc =
ML2280
_L— VIN (=)
DIODE CLAMPING IS NOT NEEDED
IF CURRENT IS LIMITED TO 25mA
Digitizing a Current Flow
Ve 0.1Q — hoap (2A FULL-SCALE)
(5Vpo) O
Vcc
1002 2 6Voo
VIN () Vec J_ LOAD
.
240k I 104F 2 L
L ML2280 =
1009 | 2.5V
ZERO S« VIN(+)  VRer/2[% T
ADJ. RE
3k I
L4
Operating with Ratiometric Transducers Span Adjust: 0V VNS 3V
Vcc
(5Vpo)
o 5\</cc ,
- (5VpC
[ |
| 20k
VXDR
XDR VIN (+) Vcc . VIN (+) Vee
1k == 104F v Y
ZERO VIN (-)* 1 IN
ADJ. =
3K ML2280 16k - ML2280
= = 035
V. -
VRer/2 f—< 1k VIN(-)  VREF/2
+ FS
"
L ADJ. ==
8.2k
*VIN (=) =0.15Vcc A
15% OF Vcc < Vxpr <85% OF Vcc = =
@ Micro Linear
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APPLICATIONS (Continued)

Zero-Shift and Span Adjust: 2V V)NS5V

Vcc
(5Vpo)
. VIN (+) Vcc
300Q
VIN .
= ML2280
————
I <
I <
I <
VIN (=)  VREF/2 '
I
SETS ZERO |
CODE VOLTAGE 330 |
AAA— t
| .
2.7k = =
ZERO ADJ.
Digital Load Cell
330
0V A
6.8k
A % 5.1V
— Vcc
1k < + =
GAINS VREF/2 CLK
STRAIN GAUGE GAIN p B
LOAD CELL DUAL
300Q/30mV Fs 13k
™ _
ML2280 ¢s <
-IN
+ DUAL |\ pol—
10V —]7—

* 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
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? START
15193 |_ s ok
:Do— LAD B —Do— R
AB CD DOWN TMS320
III L SERIES
- D QH
osv A Q
1
[ D Qp
Q- DSP
A
—
[ D QM
ML2280 N :Do_
—] FSR
CLK CLK
~~| VIN+
—Jvn- Cs
DO »| DR
ClK
Sampling Rate 111KHz, Data Rate 1.33MHz
CLK 1 2 3 4 5 6 7 8 9 0 n ) B u

= \ —
o XXX

Interfacing ML2280 to TMS320 Series
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ALTERNATE TOTAL TEMPERATURE
PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE

SINGLE ANALOG INPUT, 8-PIN PACKAGE

ML2280BM) £1521LSB —55°Cto +125°C | HERMETIC DIP
ML2280BI ~40°Cto +85°C | HERMETIC DIP
ML2280BCP 0°to +70°C MOLDED DIP
ML2280C}) £1LSB -40°Cto +85°C | HERMETIC DIP
ML2280CCP 0°Cto +70°C MOLDED DIP
FOUR ANALOG INPUTS, 14-PIN PACKAGE

ML2283BM) ADC08338] +1,1SB -55°Cto +125°C | HERMETIC DIP
ML2283BlJ ADC0833BC] —40°Cto +85°C | HERMETIC DIP
ML2283BCP ADC0833BCN 0° to +70°C MOLDED DIP
ML2283C) ADC0833CC) £11SB -40°Cto +85°C | HERMETIC DIP
ML2283CCP ADC0833CCN 0°Cto +70°C MOLDED DIP

@ Micro Linear 2165



@L Micro Linear

ML2281, ML2282
ML12284, ML2288

Serial 1/O 8-Bit A/ D Converters with

Multiplexer Options

GENERAL DESCRIPTION

The ML2281 family are 8-bit successive approximation A/D
converters with serial 1/O 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 V¢, 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,
ADCO0834, and ADC0838 A/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 5V +10%.

FEATURES

= Conversion time

= Total unadjusted error

= Sample-and-hold

m 2, 4, or 8-input multiplexer options

= 0to 5V analog input range with single 5V power
supply

= Operates ratiometrically or with up to 5V voltage
reference

u No zero or full-scale adjust required

= ML2281 capable of digitizing a 5V, 40kHz sine wave

= Low power 12.5mW MAX

= 0.3” width 8-, 14-, or 20-pin DIP

m 20-pin surface mount PCC ML2288

m Superior pin compatible replacement for ADC0831,
ADCO0832, ADC0834, and ADC0838

= Analog input protection 25mA (min) per input

6us
+121SBor +1LSB
375ns acquisition

BLOCK DIAGRAMS

ML2281

CONTROL [¢—0OCS
AND

TIMING jocu(

OUTPUT
SHIFT-REGISTER

A

i_ " A7D WITH SAMPLE & HOLD FUNCTION

ViN+O—"

APPROXIMATION
REGISTER

|
|
SUCCESSIVE I
|
|

VIN-O—" O VRer

D/A
CONVERTER

ML2288
INPLIT
[——o0
SHIFT-REGISTER oI
A
—»O SARS
CONTROL
b a-miT AND  |e O CLK
TIMING oG
y
OUTPUT
— o
i SHIFT-REGISTER Do
CHO 0—] T T—o SE
CH1 0—
CH2 0—| 8-CHANNEL
S.E.
CH3 0— AD —o
OR ) CONVERTER DGND
CH4 0—| 4-CHANNEL > WITH
CH5 o] DIFF. SAMPLE & HOLD
MULTIPLEXER FUNCTION
CHé6 0—|
SHUNT
CH7 0— REGULATOR
COMMON AGND VRer Vce V+
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PIN CONNECTIONS

ML2281 Single Differential Input

ML2282 2-Channel MUX

8-PIN DIP 8-PIN DIP
cs[]1 ~ 8[] vee G[]1 ™~ 8] v veen
Vine+) [ 2 7[Jak cHo[] 2 7]
vine-) [] 3 6[]p0 cHif]3 6[]p0
GND E 4 5 :]VREF GNDE 4 5 :I DI ML2288 8-Channel MUX
TOP VIEW TOP VIEW 20-PNDIP
~ v
ML2284 4-Channel MUX ~ ML2288 8-Channel MUX cuoffr 0 flVee
14-PIN DIP 20.PIN PCC cnif]2 » ]V_*
v+ wh vee CH2 CHICHO Vcc v+ cHz[]3 wllc
sQ: sho cH3[]4 17[]on
i n] cH4[]5 16 [] cix
cHo[]3 12[] ak g:g }g ;[c)sl, ansfls 15 []sARs
cHi[]4 11[] sARs ghs %R Ok cnel]7 u[loo
cHz[]s 1[]oo CH7 08 g 10 n2 1P PO cHr[]s B[]sE
cH3[] 6 9] Vrer / l com[]9 12[] Vrer
DGND [] 7 8[]AGND COMDGND | VRer S DGND [ 10 1[]AGND
TOP VIEW TOP VIEW TOP VIEW
PIN DESCRIPTION
NAME FUNCTION NAME FUNCTION
Vce Positive supply. 5volts + 10% DO Data out. Digital output which
DGND Digital ground. Ovolts. All digital contains result pf A/D conversion.
inputs and outputs are referenced The serial data is clocked out on
to this point. falling edges of CLK.
AGND Analog ground. The negative refer- SARS Successive approximation register
ence voltage for A/D converter. status.hD|g|taI output which indi-
CHO-7, Vin+, Vin-  Analog inputs. Digitally selected to C?;E: tv\:;}t‘:: g;‘éesmggslfo'q F;L(:
be single ended (Vi) or; Vi + or famp]ing window ig closed and
:gf';‘g‘eoiag;\ffgga‘: 282:: Analog conversion begins. When SARS
- oes to 0, conversion is com-
COM Common reference point fo.r ana- ;g)leted. When CS=1, SARS is in
log inputs. A/D conversion is high impedance state.
ge?tr\f/?;?negn(:llovoilr:aguet gfs;ﬁf‘sce CLK Clock.Digital input which clocks
common referegncg point if si:1gle- data in on Dl on rising edges and
end conversion is specified out on DO on falling edges. Also
- ) used to generate clocks for A/D
VRer Reference. The positive reference conversion.
__ vo!tage for A/D converter. DI Data input. Digital input which
SE Shift enable. Input controls contains serial data to program the
whether LSB first bit stream is MUX and channel assignments.
%'Ee]daggz:sﬁg::‘%’etglgu?g[g cs Chip select. Selects the chip for
If§=’0 an MSB first bit stream o multiplexer and channel assign-
shifted out, then a second bit ment and A/ D converison. When
stream with LSB first is shifted out Cs=1, all digital outputs are in high
after end of conversion impedance state. When CS=0,
: normal A/D conversion takes
V+ Input to the Shunt Regulator.

place.
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ML2281, ML2282, ML2284, M1 2288

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
(Note 1)
CUIrENtiNtO V4« oottt et e e et 15mA Supply Voltage, Vee - vvvvveeiiii 4.5Vpct06.3Vpe
Supply Voltage, Ve« v v v 6.5V Temperature Range (Note3) ................ TMINS TAS Tpmax
Voltage ML2281/2/418BMJ ... —55°Cto +125°C
LOGICINPULS oo et eeie e —-7Vto Ve +7V ML2281/2/4/8 CM)
AnalogInputs ..., -0.3Vto Ve +0.3V ML2281/2/4/8BI) ...l ~40°Cto +85°C
Input Current per Pin (Note2) ..................... +25mA ML2281/2/4/8 Clj
Storage Temperature . ................... -65°Cto +150°C ML2281/2/4/8BCP . ... 0°Cto +70°C
Package Dissipation ML2281/2/4/8 CCP
atTa=25°C (BoardMount) ..................... 800mW
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 (60SeC.) ...........ccoviivinnnnnn.. 215°C
Infrared (158€C.) ..ot 220°C

ELECTRICAL CHARACTERISTICS

Unless otherwise speciﬁed Ta=TmiN to Tmax, Vec=Vrer=5V £10%, and fCLK= 1.333MHz

ML2281B, ML2282B ML2281C, ML2282C
ML2284B, ML2288B ML2284C, ML2288C
TYP TYP
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS

CONVERTER AND MULTIPLEXER CHARACTERISTICS
Total Unadjusted Error 5,7 | Vrer=Vcc +f +1 LSB
Reference Input 5,8 6 10 15 6 10 15 kR
Resistance
Common-Mode Input 5,9 GND Vee GND Vee \Y
Range -0.05 +0.05 -0.05 +0.05
DC Common-Mode 6 Common Mode +1/16 A +1/16 +1/4 LSB
Error Voltage GND to Vcc/n
AC Common-Mode 6 Comon Mode Voltage +1/4 +1/s LSB
Error GNDto Ve,

0to 50kHz
DC Power Supply 6 Vee=5V +£10% +1/32 +1/s +1/32 +1/s LSB
Sensitivity VRer$ Ve +0.1V
AC Power Supply 6 100mVp.p, 25kHz sine +1a +1/s LSB
Sensitivity on Ve
Change in Zero Error 6 15mAintoV+ ) +1 LSB
from Vec =5V to Inter- Vee=N.C. Vgge=5V
nal Zener Operation
Vgz, Internal Diode 15mAintoV+ 6.9 6.9 \%
Regulated Breakdown
(atVv+)
V+ Input Resistance . 5 20 35 20 35 kQ
logs, Off Channel 5,10 | On Channel=V¢ -1 -1 MA
Leakage Current Off Channel=0V

On Channel=0V +1 +1 uA

Off Channel =V¢c
1on, On Channel 5,10 | On Channel=0V -1 -1 A
Leakage Current Off Channel=Vcc

On Channel=V¢c +1 +1 uA

Off Channel=0V
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ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified Ta =Tyn to Tmax, Vec=Vrer=5V £10%, and fc g =1.333MHz

ML2281B, ML2282B ML2281C, ML2282C
ML2284B, ML2288B ML2284C, ML2288C
TYP TYP
PARAMETER NOTES CONDITIONS MIN NOTE 4 MAX MIN NOTE 4 MAX UNITS
DIGITAL AND DC CHARACTERISTICS
V)N, Logical “1” 5 20 20 \
Input Voltage
Vin). Logical 0" 5 0.8 0.8 \
Input Voltage
Iingy, Logical “1” Input 5 Vin=Vcc 1 1 MA
Current
lini) Logical “0" Input 5 Vin=0V -1 -1 uA
Current
Vouray, Logical “1” 5 lour=—-2mA 4.0 40 \
Output Voltage
Vour). Logical “0” 5 lour=2mA 0.4 0.4 \
Output Voltage
lout Hi-Z Output 5 Vour=0V -1 -1 UA
Current Vour=Vec 1 1 WA
lsource, Output 5 Vour=0V -6.5 -6.5 mA
Source Current
lsink, Output Sink 5 Vout=Vce 8.0 8.0 mA
Current
Icc, Supply Current 5 13 2.5 13 2.5 mA
ML2281, ML2284,
ML2288
ML2282 5 Includes Ladder 1.8 35 1.8 3.5 mA
Current
TYP LIMIT

PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS
feik, Clock Frequency 5 10 1333 kHz
tacq, Sample-and-Hold 12 1/feik
Acquistion
tc, Conversion Time Not including MUX 8 ek

Addressing Time
SNR, Signal to Noise Ratio 12 Vin=40kHz, 5V Sine. 47 dB
ML2281 foik=1.333MHz

(FsampLING=120kH2Z).

Noise is Sum of All

Nonfundamental

Components up to /2 of

fsAMPLING
THD, Total Harmonic 12 Vin=40kHz, 5V Sine. -60 dB
Distortion ML2281 fork=1.333MHz

(fsampuNG=120kHz).

THDisSumof2,3,4,5

Harmonics Relative to

Fundamental
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified T = Twin to Tvax, Voo =Vrer=5V £10%, and fc x=1.333MHz

TYP LIMIT
PARAMETER NOTES | CONDITIONS MIN NOTE 4 MAX UNITS
AC ELECTRICAL CHARACTERISTICS (Continued)
IMD, Intermodulation 12 Vin="fa+g. fa=40kHz, -60 dB
Distortion ML2281 2.5V Sine.
fg=39.8kHz, 2.5V Sine,
fCLK =1.333MHz
(fsampLNG=120kH2).
IMD is (fa +fg), (fa—1g),
(2 fA +fB), (2 fA - fB),
(f/\ +2 fB), (fA -2 fB) Rela-
tive to Fundamental
Clock Duty Cycle 51 40 60 %
tser.ups CS Falling Edge or Data 5 130 ns
Input Valid to CLK Rising Edge
thoLp, Data Input Valid after 5 80 ns
CLK Rising Edge
tod, todo— CLK Falling Edge to 5,13 | C_=100pF
utput Data Valid Data MSB First 90 200 o ns
Data LSB First 50 110 ns
ty, ton, — Rising Edge of CS to 6 | C_=10pF R =10k (see 40 90 ns
Data Output and SARS Hi-Z High Impedance Test
Circuits)
5 | C =100pF R =2k 80 160 ns
Cn, Capacitance of Logic 5 pF
Input
Cout Capacitance of Logic 5 pF
Outputs

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 (Vjy) at any pin exceeds the power supply rails (Viy<GND or V|5 > 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. 0°C
to 70°Cand —-40°Cto +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: Cannot be tested for ML2282.

Note 9: For Vi (—) 2V y(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Biock Diagram)
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the V¢ supply. Be careful,
during testing at low V¢ 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 50mV forward bias of either diode. This means that as long as
the analog V| or Vger does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute 0V to
5V input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading.
Note 10: Leakage current i1s 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 limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum
time the clock can be high or low is 60us.

Note 12: Because of multiplexer addressing, test conditions for the ML2282 would be Vj\ =34kHz, 5V sine (fsapmpLing=102kHz); ML2284
Vin=32kHz, 5V sine (fsampLing=95 kHz); ML2288 V| =30kHz, 5V sine (fsampLing=89 kHz).

Note 13: Since data, MSB first, 1s 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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tn tn
tr
DATA cs vee _5393%
OUTPUT GND 10%
CL R tH
Vou
I DO AND 0%

= SARS OUTPUTS GND

toH fon
Vce
vee — L
RL cs 5092.,%
GND 10%
DATA
OUTPUT toH
a poAND Ve —
1: SARSOUTPUTS @
Figure 1. High Impedance Test Circuits and Waveforms
Data Input Timing Data Output Timing

ClK

[

tpdo, tpd1 - tpdo, tpdt
-
DATA
OUuT (DO) ,£ N 7&\

al

—2
_.>| |<_ [e—tSET-UP
tHOLD .
DATA \ _ % :
IN (D) SE
ML2281 Start Conversion Timing
tSET-UP
cs l
START
CONVERSION
DO
BIT7 BIT6
(MSB)

Figure2. Timing Diagrams
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ML2281 Timing

—

—>| («—tSET-UP
CHIP SELECT (CS) |

I tc >

DATA OUT (DO) " I_|Z | | I | | | l _'_]—T-z_—_

_»I 5 4 3 2 1 0
SAMPLE & HOLD I‘_‘ (MSB) (LSB)
ACQUISITION (tacQ)

*LSB FIRST OUTPUT NOT AVAILABLE ON ML2281

ML2282 Timing

e AR RN
] ' ,
—>i |<— tsn-uvl - OUTPUT DATA
_ |
CHIPSELECT C5) | ADDRESS MUX ]
1
START  ODD/
BIT SIGN
] A \ \ \\\\ AW A1HNHTASLANANANAN LD R RATS AN S A FEAARANATA A DAANANANY
OATAIN O N | I \\\\\\\\\\\\\\\\\\\\\\\\\\ CARE (DI DISABLED UNTIL NEXT CONVERSION cvcm\\\\\\\\\\\\\\\\\\\\
AN \\ ALLLLELERAATERTAERAREERAARATERRAARAEERARRARARERALARAARRRERARTARARAANY \
SGL/DIF | | €«————— MSB FIRST DATA——»-{<«—— 5B FIRST DATA————>|
DATA OUT (DO) —mr T | I | I | l | s
SAMPLE & HOLD |<_7654321 1 2 3 4 5 6 7
ACQUISITION (tacQ) (MsB) se) (MSB)
ML2284 Timing

1 2 3 4 5 6 7 8 9 10 m 12 13 ¥ 15 16 17 1B 19 20

= FRARRRAR TR s

1
‘—ﬁ [ tsET-UP OUTPUT DATA

1
|
_ | l'———
CHIP SELECT (CS) ADDRESS MUX |
l

i
START

Sif SELE
SGL/DIF Sfmcf [«———A/D CONVERSION IN PROCESS———>

DATA IN (D)

SAR STATUS (SARS) m HI-Z

I(—MSB FIRST DATA ———————>«——————LSB FIRST DATA—————>{

DATA OUT (DO) Iz I I | | I l | HI-Z

SAMPLE & HOLD 7 6 5 4 3 2 1 0 12 3 4 5 6 7
N I
ACQUISITION (tacQ) (MSB) (LSB) (MSB)

Figure 2. Timing Diagrams (Continued)
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1 2 3 4 5

CLOCK (CLK) }'}'{'{'{1

I

-»I '-— SET-UP |

6

ML2288 Timing

7 8 9 0 ® 1©” W W 15 6 17 B 19 20 21 22 2 24 25 26

CHIP SELECT (CS) | ADDRESSMUX |
;

OUTPUT DATA

—

START  ODD/ SELECT
BIT SIGN  BITO

SGL/DIF 5%';;‘;1 | |«——Aa/D conversion IN PROCESS—]

HI-Z

HI-Z

AN

SAR STATUS (SARS) ml
-MSB FIRST DATA LSB FIRST DATA ————— |
SE=“0"
DATA OUT (DO) HI-Z
7 6 5 4 3 2 1 1 2 3 5 6 7
S (MSB) (LSB) SET-UP (MSB)
USING SE
TO CONTROL
LSB FIRST 'MSB FIRST DATA DATA HELD LSB FIRST DATA ————>|
OUTPUT
bo HI-Z
SAMPLE & HOLD 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
ACQUISITION (tacq) 1 ™~ (MsB) (LSB) (MSB)

0.75

0.5

LINEARITY ERROR (LSB)

0.25

*CLOCK EDGE #18 CLOCKS IN THE LSB BEFORE SE IS TAKEN LOW

Figure2. Timing Diagrams (Continued)

1]

Vce=5V

VREF=5V

Figure 3. Linearity Error vs fcy g

25
N
55°C ™N
Pt \\n.
T N 1
25°C T —
0 0.01 0.1 1
CLOCK FREQUENCY (MHz)

HI-Z
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1 T 1 .
Vce=5V
Vec=5V ViN=0V
fok=1.333MHz feik=1.333MHz
Ta=25°C
0.75 0.75
a =
2 2
s 2
o
g ]
w 0.5 2 0.5
E Q 125°C =
3 o £
g -55 5
= N
0.25 0.25 ™
0 0
0 1 2 3 4 5 0 1 2 3 4 5
VRer (VDO VRer (VDO
Figure 4. Linearity Error vs Vggr Voltage Figure 5. Unadjusted Offset Error vs Vggr Voltage
17
oo
CS 00—
S S SR S S
3 R R_ 1 R 3
5-BIT SHIFT-REGISTER
—_| opo/ ¢ —o>——»cs
START | SGL/DIF | SIGN | SELECT1 [ SELECT 0
[ START
i
Ko MK B
vee ADDRESSy NOTE1 ¢ NOTE1
cs
i 1d -
1 3 SARS'
CcHo* o——4— "@ 15
id—o-ld I__/_, L
2 D& + cs
CHI* O ———— +— 4 - TIME DELAY C Rl
RSB p=
CH2 O +—" DSTART 2
4 e 1 ¢ 1
(e}
CH3 o PR 1 | "\ | —D Q
5 _ _
CH4* O { 4 vy "l/—— »-Dc» c Rl DSTART1
14-1-i<¢ L—1"— (ounatenn
CHs* —— — > glEc
—
T Y e
CHé* O { +— = ¢ Rl
id—old — c
CH7* o——d— . )
Lol ! ] ‘ +4 [eoc S
com* g — R e B7 R C
12 M
B6
VREF O ——
vee o2 5 TO INTERNAL le——B5 |
" CIRCUITRY SAR | B4 9-BIT v
LOGIC  1*™"g3 SHIFT | C u
AND B2 REGISTER | GSh—fr  Qf—>—0
.- Ve LATCH B ) DO
* INPUT B0
7V SHUNT B To
"
DGND REGULATOR ® i P o Toc
6 4
AGND*O - INPUT PROTECTION —ALL LOGIC INPUTS| LSB FIRST
L PARALLEL XFRG
TO SHIFT REGISTER | MSB FIRST

*SOME OF THESE FUNCTIONS/PINS ARE NOT AVAILABLE WITH OTHER OPTIONS.
NOTE 1: FOR THE ML2284 DI IS INPUT DIRECTLY TO THE D INPUT OF SELECT 1. SELECT 0 IS FORCED TO A 1. FOR THE ML2282, DI IS INPUT DIRECTLY TO THE D
INPUT OF ODD/SIGN. SELECT 0 IS FORCED TO A ““1”” AND SELECT 11S FORCED TO A0,

Figure 6. ML2288 Functional Block Diagram
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1.0 FUNCTIONAL DESCRIPTION

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 channel 1 may be
selected as a different pair but channel 0 or channel 1 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
1as the negative input or vice versa. This programmability is
illustrated by the MUX addressing codes shown in Tables 1, 2,
and 3.

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.

Differential Channels
Single-Ended MUX Mode

ML2288 MUX Addressing 8 Single-Ended or 4

MUX Address

Analog Single-Ended Channel #

SGL/
DIF

ODD/
SIGN

SELECT

7 [COM

0

RN RN [N [N JSENY N I N

iR QU R N Rl K=1 k=)

mlm|olol=|=lolol=

=lIO|=|O|=|O|=|O|O

Differential MUX Mode

MUX Address

Analog Differential Channel-Pair #

SGL/
DIF

ODD/
SIGN

SELECT 0

1 2

3

0|1

21345

0

0

o|jo|jo|o|o|o|o

m|m|m|=lo|lolo

—|=|o|lo|=|=]|lo|lo]|=

—=|O|=|O|=|O|=|0O|C

Table2. ML2284 MUX Addressing 4 Single-Ended or 2
Differential Channel

Single-Ended MUX Mode

MUX Address

Channel #

s/
DIF

ODD/
SIGN

SELECT

0

RN QN RN [N

0
1
1

—|lo|=]lol=

+

COM is internally tied to AGND

Differential MUX Mode

MUX Address

Channel #

3

=
=

ODD/
SIGN

SELECT

1

0

o|o|o|o

0
1
1

—=|O|=|0O
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Table 3. ML2282 MUX Addressing 2 Single-Ended or 1

Differential Channel
Single-Ended MUX Mode
MUX Address Channel #
SGL/DIF | ODD/SIGN 0 1
1 0 +
1 1 +

COM is internally tied to GND

Differential MUX Mode

MUX Address Channel #
SGL/DIF ODD/SIGN 0 1
0 0 + -
0 1 - +
8 Single-Ended 8 Pseudo-Differential
0o—+ 0 —+
11—+ 11—+
2 —+ 22—+
3 — + 3 — +
4 — + 4 —+
5 —]+ 5 — +
6 — + 6 — +
7 —+ 77—+
— COM (-) . COM (-)
= VmAs;+-
4 Differential Mixed Mode
+
—] +(-) 0,1{__‘ _
0,1[_ - —1:
— () 2'3{__ +
2,3{___ ) o —] -
:—— +(-) 1.
4,5 [ 5
‘— +(-) 6 — +
67| - ;s —
s COM (-)
VBIAS —

Figure 7.  Analog Input Multiplexer Functional
Options for ML2288

1.2 Digital Interface

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 Dl is clocked into the MUX address
shift register. The start bit is the first logic ‘1"’ that appears on
the Dl 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 /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 DI input is
ignored.

The DO output comes out of High |mpedance 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
uP immediately.

After 8 clock periods, the conversion is completed The SAR
status line returns low to indicate this /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. IfSE is
brought low before the end of conversion (which is signalled
by the high to low transition of SARS), 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.

Allinternal 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 Dl input and DO output can be tied together and con-
trolled through a bidirectional uP I/ O bit with one connec-
tion. This is possible because the Dl input is only latched in
during the MUX addressing interval while the DO 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 Viymax and V)ymin) 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 A/D reference. This voltage
is typically the system power supply, so the Vger pin can be
tied to Vicc. This technique relaxes the stability requirements
of the system reference as the analog input and A/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 V¢
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 uP 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-50kHz 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 /2 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. /2 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 +/ - 25mA (+/ —100mA 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

(Vz2 +V32 +V42 +V52)V2
Vi

20 log

where Vj is the RMS amplitude of the fundamental and V,,
V3, V4, Vs are the RMS amplitudes of the individual
harmonics.

Intermodulation Distortion

With inputs consisting of sine waves at two frequencies, fo
and f, any active device with nonlinearities will create distor-
tion products, of order (m+n), at sum and difference frequen-
cies of mfa +nfg, wherem, n=0, 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 +fg) and (fo ~fg) and the third order
terms (2fs +fg), (2fa—fg), (fa +2fg) and (fo —2fg) only.

1.6  Zero Error Adjustment

The zero of the A/ D does not require adjustment. If the mini-
mum analog input voltage value, Vyymin 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 Vi — input at this Vi min value. This utilizes the
differential mode operation of the A/D.
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The zero error of the A/ D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the V|y — input and applying a small magnitude
positive voltage to the V| + 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 /2 LSB value (/2 LSB=9.8mV for
Vier=5.000Vpe).

1.7 Full-Scale Adjustment

The full-scale adjustment can bé 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 Vggr input or V¢ 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 A/ 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 V| + voltage which equals this
desired zero reference plus /2 LSB (where the LSB is calcu-
lated for the 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 V)N + input which is given by:

VN + fs adjust = Vmax — 1.5*[(Vmax-Vmin) / 256]
where Vmax = high end of the analog input range
Vmin = low end (offset zero) of the analog range
The Vger or Ve 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 + terminal to ground
which also connects to the V¢ terminal (which is the actual
converter supply) through a silicon diode as shown in Figure
8. When the regulator is turned on, the V + voltage is
clamped at 11 Vg 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), 35k of
resistance 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-
toris —22mV/°C.

—————— -
2y A
\I+—> )
3 28.8k
CURRENTLIMITING | 3
RESISTOR, 1 + <15mA
i;s.zk
<)
<;3.2k
GND
[
R a

Figure 8. Shunt Regulator

BMAF——————————

SLOPE = =hr

[
<
>0

ofFf————————

bl
l—-
<
o

Figure 9. I-V Characteristic of the
Shunt Regulator
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2.0 APPLICATIONS

8051 Interface and Controlling Software

>— cro cs fe| 13
: ] P12
ML2288 8051
: DI [¢— P4
> cnr Do | P1o
Mnemonic Instruction
START ANL P1, #0F7H ;SELECTA/D
(CS =0)
MOV B, #5 ;BITCOUNTER < 5
MOV A, #ADDR | ;A < MUXBIT
LOOP 1: RRC A ;CY < ADDRESS BIT
JC ONE ;TEST BIT
;BIT=0
ZERO: ANL P1, #OFEH ;Dl<0
SIMP CONT ;CONTINUE
‘BIT=1
ONE: ORL P1, #1 ;D1 <1
CONT: ACALL PULSE ;PULSESKO = 1-=>0
DJNZ B, LOOP1 ;CONTINUE UNTIL
DONE
ACALL PULSE ;EXTRA CLOCK FOR
SYNC
MOV B, #8 ;BITCOUNTER « 8
LOOP 2: ACALL PULSE ;PULSESKO = 1—>0
MOV A, P1 ;CY < DO
RRC A
RRC A
MOV A C ;A < RESULT
RLC A ;A(0) < BIT AND SHIFT
MOV CA ;C < RESULT
DJNZ B, LOOP 2 ;CONTINUE UNTIL
DONE
RETI
;PULSE SUBROUTINE
PULSE: ORL P1, #04 ;SK <1
NOP ;DELAY
ANL P1, #OFBH ;SK <0
RET
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APPLICATIONS (Continued)

ML2288 “‘Stand-Alone”’ or Evaluation Circuit
MUX ADDRESS
l O5VpCc
Itk 3 b3 b3 |~—START BIT
a »—] o 1 SGL/ DIF
|11 2 3 u 3 4 |5 |6 |8
7
_F L] P PARALLEL INPUTS chl))o 7o ne
CIK 2 INPUT SHIFT REGISTER
ciK 74HC165
+ 1] sHiFr/ 9
I0AD _SIN Vee DO
START 6 10 &14
NC 5V,
5VpCc (ORVIN) ¢
Q ) 1/8Vec
A e AAA e AAA — e AAA N A e AAA — e ARA
W VWA A —4—AN/ W VWA——AN/ WA
8 17 ]s 5 4 3 Tz l1 ]9 l
SIART ® Z 6 5 4 1 0 cog: o=
5Voc > Cs ANALOG INPUTS SVoC
CLK 16 _l
1 » CLK ML2288 SE
10k 15 351k
0.01uF NCO- SARS <
VREE  AGND  DGND V4 Vee po ¥
CLK t __Ln 10 &'9 k20 h
CLOSE TO 10k
START THE c{: - 1
A/D CONVERSION cc 1
J;o.omw LA P S o T
CLOCK = OUTPUT SHIFT REGISTER T
GENERATOR j 74HC164 77
8
v7g ik » CLK s 2
L]
TR ] L@ Q
B 2 1 () 3 Is |4 |3
Q b»
CLK
[ 13k®
1/2 74HC74
05V
MSB DATA DISPLAY s~ 'oC
Low-Cost Remote Temperature Sensor (;(/csc ,
o
[
Ta < 3k
M335 {R ViIN(+) Ve 1%
IIOuF
ML2281
10k 2 10k
TAMIN VIN (=) VREF >3 TAMAX
ADJ. _:LADI.
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APPLICATIONS (Continued)

Obtaining 9-Bit Resolution Protecting the Input
Vcc
(5Vpo)
Vec—e ? 15Vpe
or
AMP 600Q
VIN L VIN (+) Vcc
¢ + - < +
> :; R 10uF
>25V <25V -~ I
_15Vpe =
- + ML2281
VReF -
+
ML2281
L
3; R ] VIN (=)
- =
DIODE CLAMPING IS NOT NEEDED
= IF CURRENT IS LIMITED TO 25mA

CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH
INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE.
THIS INFORMATION PROVIDES THE EXTRA BITS.

Digitizing a Current Flow

Vee 0.1Q — lioap (2A FULL-SCALE)
(5Vpg O—1—VWA l
bS Vcc
g1ooe Q6Voo
VIN (=) Vcc LOAD
[ B
S 240k I‘“HF 2 L
J_L ML2281 = 9.1k
100Q | c LM336
Zil[l)lo < VIN (+) VReF|—% - 1k
. E P S
w %}" K AD).
> 4
3 120k = = = =
WL ’
Operating with Ratiometric Transducers Span Adjust: 0V <Vj\ <3V
(5\</cc )
ODC Vcc
(5Vpo)
I $ 20k T
VXDR
XDR ] VIN (+) Vcc . i . VIN (+) Vec
1k < 10uF vV _l:
ZERO S¢—{VIN ()* T IN 10uF J8
ADLY = = I ol T 3
$3k ML2281 10k - ML2281 s
JL ADJ.
= = 4
. 3 ~
VREF 1k VIN(=)  VREF
0.7 Vee & FS &
e ADI L
T WF 24k = K'Y NsETFOR3V E
*VIN (=) =0.15Vcc A B
15% OF Ve < Vxpr <85% OF Ve = =
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APPLICATIONS (Continued)

Zero-Shift and Span Adjust: 2V <Vj\ <5V Digital Load Cell
330
Ve AAA
Ve v VW
; 51V
V
+ VIN (+) Vce
_|: STRAIN GAUGE
VIN 104 [—-J,- LOAD CELL
T ekl S 300Q/30mV FS
L L FS S S 1.2k
= ML2281 - ADLY
N
g SETS I [ bua -
VIN (=) VREF v VOLTAGE SPAN ] _.L IN DO}
\ l
=i | = Sim 20K T
SETS ZERO x |1 T rw\«—wv L
CODE VOLTAGE 330 | $ 10k
v Wy | S OFFSET
1K - 1 —_
2.7k 2Vpc — =
ZERO ADJ. 20k
= o USES ONE MORE WIRE THAN LOAD CELL ITSELF
* TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL
FOR DIGITAL OUTPUT TRANSDUCER
o 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
Tvee)
CHo —Vce
.
. ML2ZB8 e SERIALI/O
.
. VREF
TypE ) (REF
N TL064
Ts 1k
20k
Ve
M385

USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DIFFER-
ENTIAL INPUTS CONSTANT
WITH CHANGES IN REFERENCE TEMPERATURE (TRep).
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APPLICATIONS (Continued)

4mA-20mA Current Loop Converter

4mA-20 mAl Y N4148 1/6 AHC14 100k  =50kHz

4 g

10uF T s 100
INP  Vcc
24 $6.2 ::200 CD4024
k <k 2k Vec
A Vo 5
= —+IN CLK
a7 L
uF J_ =
50

pF )

ML2281 & 100k
¥ 10k < -IN —I—NW—J
LM385-2.5V eNT39 1

OPTO COUPLER
10k
S < Vi 31 112NN
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ML2281, ML2282, ML2284, M12288
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Interfacing ML2281 to TMS320 Series

2-184

@ Micro Linear



ML2281, ML2282, ML2284, ML2288

ALTERNATE TOTAL TEMPERATURE

PART NUMBER PART NUMBER UNADJUSTED ERROR RANGE PACKAGE
SINGLE ANALOG INPUT, 8-PIN PACKAGE
ML2281BM) ADC0831B) +1,1SB —55°Cto +125°C | HERMETIC DIP
ML2281Bl) ADC0831BC) -40°Cto +85°C | HERMETIC DIP
ML2281BCP ADCO831BCN 0° to +70°C MOLDED DIP
ML2281ClJ ADC0831CC) +11SB -40°Cto +85°C | HERMETIC DIP
ML2281CCP ADCO831CCN 0°C'to +70°C MOLDED DIP
TWO ANALOG INPUTS, 8-PIN PACKAGE
ML2282BM) ADC08328) +1,158B ~55°Cto +125°C | HERMETIC DIP
ML2282BJ ADC08328C) -40°Cto +85°C | HERMETIC DIP
ML2282BCP ADC0832BCN 0°Cto +70°C MOLDED DIP
ML2282Cl) ADC0832CC) =118 -40°Cto +85°C | HERMETIC DIP
ML2282CCP ADC0832CCN 0°C to +70°C MOLDED DIP
FOUR ANALOG INPUTS, 14-PIN PACKAGE
ML2284BM) ADC0834B) £1215B —55°Cto +125°C | HERMETIC DIP
ML2284Bl) ADC0834BC] -40°Cto +85°C | HERMETIC DIP
ML2284BCP ADC0834BCN 0°to +70°C MOLDED DIP
ML2284C)) ADC0834CC} +1LSB -40°Cto +85°C | HERMETIC DIP
ML2284CCP ADCO834CCN 0°C to +70°C MOLDED DIP
EIGHT ANALOG INPUTS, 20-PIN PACKAGE
ML2288BM) ADC0838B) +15LSB ~55°Cto +85°C | HERMETIC DIP
ML2288BI) ADC0838BC) -40°Cto +85°C | HERMETIC DIP
ML2288BCP ADC0838BCN 0°Cto +70°C MOLDED DIP
ML2288BCQ ADC0838BCV 0°Cto +70°C MOLDED DIP (PCC)
ML2288C1) ADC0838CC) £1LSB —40°Cto +85°C | HERMETIC DIP
ML2288CCP ADCO0838CCN 0°Cto +70°C MOLDED DIP
ML2288CCQ ADC0838CCV 0°Cto +70°C MOLDED DIP (PCC)

@ Micro Linear
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ML2340, ML2350

Single Supply, Programmable

8-Bit D/A Converters

GENERAL DESCRIPTION'

The ML2340 and ML2350 are CMOS voltage output, 8-
bit D/A converters with an internal voltage reference
and a uP 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. Vzg can be set to any voltage
from AGND to 2.25V below Vcc. 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 V¢ for easy
interfacing to standard TTL and CMOS logic families.

The high level of integration and versatility of the
ML2340 and ML2350 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 2.25V
or 4.50V output for use with A/D converters that use a
single 5V & 10% power supply, while the ML2350
provide a 2.50V or 5.00V reference output.

FEATURES

w Programmable output voltage gain settings of 2, 1,
Y2, Va provide 8-, 9-, 10-, or 11-bit effective
resolution around zero

m AGND to V¢ output voltage swing

m Bipolar or unipolar output voltage

m 4.5V to 13.2V single supply or +2.25V to +6.5V
dual-supply operation

m Transparent latch allows microprocessor interface
with 30ns setup time

n Data flow through mode

m Voltage reference output

ML2340 ... 2.25V or 4.50V
ML2350 ... 2.50V or 5.00V
= Nonlinearity ..................... 1% LSB or +% LSB

m Output voltage settling time over temperature and
supply voltage tolerance

Within 1V of Vcc and AGND ......... 2.5us max
Within 100mV of Vcc and AGND ........ 5us max
m TTL and CMOS compatible digital inputs
m Low supply current (5V supply) .......... 5mA max

m 18-pin DIP or surface mount SOIC
m Operating temperature range of 0°C to +70°C,
-40°C to +85°C, and -55°C to +125°C

o~ A~ as s PiN CONNECTIONS
BLUU IALKAM PIN CONNECTIONS
ML2340 ML2340
ML2350 ML2350
18-Pin DIP 18-Pin SOIC
Vzs Vce AGND
Vi Vi |
REFOUT O—f REF Vcc[ 1 U/ B ]VREF N
Vour |} 2 17| VRerOUT Ve 1 18 0 VREF IN
Vi 2 by sy
ouT oo REF OUT
VREFIN vas[]3 wlloant N0 s 16 F=1 GAIN 1
o -
AGND o 4 15 fm GAIN 0
or Vour AaNo [ 4 5] Gano DGND 95 14 fm XFER
AMP pGND [] 5 1 [] xFER DBO o 6 13 bm DB7
+ DB1 o7 12 = DB6
DGND O oso[] e 1[] ps7 gsg u:g 11 k= DBs
oei[]7 2] oss 8 10 = Db4
RESISTORS TOP VIEW
SWITCHES Dsz[ 8 1 ] DB5
DECODERS
DB3E 9 10 [] pe4
o e JJ <L TOP VIEW
XFER  DBO DB7 GAINOGAIN 1
(LSB) (MSB)
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ML2340, ML2350

PIN DESCRIPTION

PIN # NAME FUNCTION PIN # NAME FUNCTION

1 Vce Positive supply. 8 DB2 Data input — Bit 2.

2 Vour Voltage output of the D/A 9 DB3 Data input — Bit 3.
sonverter. Vour is referenced to 10 DB4 Data input — Bit 4.

zs
m DB5 Data input — Bit 5.

3 Vzs Zero Scale Voltage. Vour is aa !npu '
referenced to Vzs. Vzs is normally 12 DB6 Data input — Bit 6.
tied to AGND ‘in the uni_polar 13 DB7 Data input — Bit 7 (MSB).
gfogle ror to dm'S\;ZUPPR'] ‘n dthg . 14 XFER Transfer enable input. The data is

lpe a‘teg‘goe. .enl € device 1s transferred into the transparent
opera m a single power latch at the high level of XFER.
supply, Vzs has a maximum o ) o
current requirement of -300uA in 15 GAIN 0 Digital gain setting input 0.
the bipolar mode. 16 GAIN 1 Digital gain setting input 1.

4 AGND Analog ground. 17 Verer our  Voltage reference output.

5 DGND Digital ground. This is the ground Vrer our is referenced to AGND.
reference level for all digital VRer our is set to 2.5V and 5.0V in
inputs. The range is AGND < (Vcc a low-voltage and high-voltage
- 45V). DGND is normally tied to operation, respectively for the
system ground. ML2350; 2.25V and 4.5V for the

6 DBO  Data input — Bit 0 (LSB). s v \"/‘LIB“O' f .

. . REF IN oltage reference input. Vger N is

7 DB1 Data input — Bit 1. referenced to AGND.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage V¢ with Respect to AGND ............ 14.2V
DCGND ... -0.3V to V¢ + 0.3V
V7z6, VREFIN +vvvrevrnerarmnernnrniennennns -0.3V to Ve + 0.3V
Logic Inputs ...l -0.3V to Ve + 0.3V
Input Current per Pin (Note 2) ...................... +25mA
Storage Temperature ....................... —-65°C to +150°C
Package Dissipation at Tp = 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 (15s€C.) ...t 220°C

OPERATING CONDITIONS

(Note 1)
Supply Voltage, Vec ovvvvvvnniinnniinainnn 4.5Vpc to 13.2Vpc
Temperature Range (Note 3) .............. TmiN < Ta < Tmax
ML2340BM], ML2340CM]
ML2350BM]J, ML2350CMJ .........c.ennet -55°C to +125°C
ML2340Bl), ML2340Clj
ML2350Bl1), ML2350CI) .......oovininninnnn -40°C to +85°C

ML2340BCP,. ML2340CCP
ML2350BCP, ML2350CCP
ML2340BCS, ML2340CCS
ML2350BCS, ML2350CCS .........ccovvivnnnnnn 0°C to +70°C

@ Micro Linear
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tpin to Tmax, Vec = AGND = 5V £ 10% and 12V £ 10%, Vger in for ML2340

= 225V

and 4.50V, for ML2350 Vgge 1N = 2.50V and 5.00V, Vour load is Ry = 1K and 'C| = 100pF, Vger load is Ry = 1K and - -

Ci = 100pF and input control signals with tg = t < 20ns.

: ML2340XIX, ML2340XMX
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX
. TYP TYp
PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN (Note 4) | MAX UNITS
Converter and Programmable Gain Amplifier
Converter Resolution 5 8 B 8 Bits
Integral Linearity Error .5 |GAIN=21,%,o0r% -
ML2340BXX, ML2350BXX . % 4 LSB
ML2340CXX, ML2350CXX 1% +1 LSB
Differential Linearity Error | 5 |GAIN =2, 1, %, or %
ML2340BXX, ML2350BXX % +% LSB
ML2340CXX, ML2350CXX ) +1 + LSB
Mode Select 5 | Vzs with respect to AGND
Unipolar Output ) 0 . 10 . 0 1.0 \%
Bipolar Output 150 Vee225| 150 Vee225| vV
Offset Error 5 |Figure 1 .
Unipolar Mode GAIN =Y, 5,1 +10 : | - +12 mV
GAIN =2 +20 +24 mV
Bipolar Mode 5 |Figure 1
GAIN =14, 1,1, 2 +10 plus +10 plus| mV
+2% LSB +21 LSB
Gain Error 5 |Figure 1 .
Unipolar Mode GAIN =, 2, 1, 2 +5 +2 +5 125 %FS
Bipolar Mode GAIN = %, 15, 1,2 +5 +2 " 45 | £25 | %FES
Reference '
VREF ouT Voltage 5
ML2340BXX Vee =70V Ta=25°C| 223 225 227 223 225 227 \%
TM’N to TMAX 222 2.28 218 232 \%
Ve = 8.0V Ta=25°C| 448 450 452 448 450 452 v
Tvin 10 Tvax | 446 454 443 457 Y
ML2340CXX Vee < 70V Tp=25°C| 222 225 229 2.22 225 228 \%
Tmin to Tpax| 220 2.30 218 2.32 \'%
Ve = 8.0V Tpo=25°C| 445 4.50 4.55 4.45 4.50 4.55 \%
T 10 Tvax| 440 460 435 465 v
ML2350BXX 5 {Vcc =70V Ta=25°C| 248 2.50 252 248 250 2.52 \%
Tmin 10 Tpmax 247 2.53 243 s 2.57 \%
Vee = 8.0V Ty =25C| 498 5.00 5.02 498 5.00 5.02 v
Tmin to Tpmax 4.96 5.04 4.90 510 \Y
ML2350CXX Vee < 70V To=25°C| 245 2.50 255 2.46 2.50 2.55 \%
TmiN to Tpmax 244 2.58 242 2.59 \%
Vce = 8.0V Ta=25°C| 495 5.00 5.05 4.95 5.00 5.05 \%
TMIN to TMAX 4.90 510 4.85 515 \%
Temperature Coefficient
VRer out 50 50 ppm/°C
Vger Output Current 5 -1 5 -1 5 mA
VRer out Power Supply 5 |100mVp_p, 1kHz -40 -60 -40 -60 dB
Rejection Ratio Sinewave on V¢
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ML2340, ML2350

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, Ta = Tpin t0 Tmax, Vec = AGND = 5V £ 10% and 12V £ 10%, Vger N for ML2340 = 2.25V
and 4.50V; for ML2350 Vggr iy = 2.50V and 5.00V, Vour load is R = 1K and Ci = 100pF, Vggr load is Ry = 1K and

Ci = 100pF and input control signals with tg = t < 20ns.

ML2340XCX, ML2350XCX

ML2340XIX, ML2340XMX
ML2350XIX, ML2350XMX

TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4 | MAX | UNITS
Veer N and Vzg
Vier N Input Range 5 |Vee < 700V AGND+2 AGND+ [AGND+2 AGND+ | VvV
26 26
Ve = 8.00V AGND+2 AGND+ [AGND+2 AGND+ \%
5.5 55
Veer in DC Input 5 10 10 MQ
Resistance
Vzs Voltage Range 58 AGND Vcc/2 | AGND Vec/2 \%
x 11 x 11
Analog Output
Vour Output Swing
Unipolar Mode 58 |R_ = 100K AGND+ Vce-04 | AGND+ Vee-04| V
0.01 0.01
R, = 1K AGND+ Vee-10 | AGND+ Vee-10| v
1.0 10
Bipolar Mode 5 |R = 100K AGND+ Vee-01 | AGND+ Vee-01| Vv
01 01
R, = 1K AGND+ Vce-10 | AGND+ Vee-10| v
10 10
Vour Output Current 5 |AGND+1V<Voyr<Vcc-1V| -10 +10 -10 +10 mA
Power Supply 100mVp_p, 1kHz -60 -60 dB
Rejection Ratio sinewave on V¢c
Digital and DC
Vi Logical “0” 5 038 08 \Y
Input Voltage
Vin Logical “17 5 20 20 %
Input Voltage
IIN(O) Logical “0” 5 VlN = DGND -1 -1 [lA
Input Current
Inur) Logical “1” 5 [Vin = Vec 1 1 BA
Input Current
Supply Current,
Bipolar Mode
lcc Vec Current 5 |Vcc =5V £ 10% 53 53 mA
lagND
Analog Ground Current -5.0 -5.0 mA
lyzs, Vzs Current -90 -300 -90 -300 HA
lcc Vee Current 5 Vee = 12V = 10% 93 93 mA
laGNDr
Analog Ground Current -9.0 -9.0 mA
lyzs, Vzs Current -90 -300 -90 -300 HA
2-189
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ML2340, ML2350

ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise specified, Tpo = Tpin 10 Tmax Vec - AGND = 5V £ 10% and 12V + 10%, Vger N for ML2340 = 2.25V
and 4.50V, for ML2350 Vggr N = 2.50V and 5.00V, Vour load is Ry = 1K and Ci = 100pF, Vger load is Ry = 1K and

Cp = 100pF and input control signals with tg = t; < 20ns.

ML2340XIX, ML2340XMX
ML2340XCX, ML2350XCX ML2350XIX, ML2350XMX
TYP TYp
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 49 | MAX | UNITS
Digital and DC (Continued)
Supply Current,
Unipolar Mode
lco VCC Current 5 VCC =5V + 10% 6.0 6.0 mA
lagnD
Analog Ground Current -43 -4.3 mA
lyzs, Vzs Current -17 -17 mA
lco, Ve Current 5 |Vee =12V £ 10% 1.0 110 mA
laGNDy
Analog Ground Current -73 -73 mA
lyzs, Vzs Current -37 -37 mA
AC Performance
Settling Time 5 |Figure 2,
ts1 Output Step of AGND + 1V 12 25 12 3.0 s
to Ve - 1V, R = 1K
tsy Output Step of 25 5 25 6 s
AGND + 100mV to
Vcc—100mv, RL = 100K
ts3 Output Step of +1LSB 1 1 s
tsg, Gain Change Change of Any Gain Setting 11 25 11 s
txrer, XFER Pulse Width 5 |Figure 3 60 60 ns
tpgs, DB0-DB7 Figure 3 40 45 ns
Setup Time
tpgy, DBO-DB7 5 Figure 3 0 0 ns
Hold Time
treser, Power-On 6 16 16 HS
Reset Time
Note 1:  Absolute maximum ratings are limits heyond which the life of the integrated ¢ voltages unless otherwise

specified are measured with respect to analog ground.

Note 2: When the voltage at any pin exceeds the power supply rails (Vjy < AGND or V)y > 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:  Supply current and analog ground current are specified with the digital inputs stable and no load on Vgyr.

Note 8: In unipolar operation with Vzg and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND
should be avoided.
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Figure 1. Gain and Offset Error
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Figure 2. Settling Time
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Figure 3. Single Buffered Mode
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ML2340, ML2350

1.0 FUNCTIONAL DESCRIPTION

11 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 Vggr v 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.

4 Da D4 2 1 O
DIVIDER
efpfrfofy Gl

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 Vcc and AGND. The range of DGND is

AGND = DGND <= V(¢ - 4.5V with the logic thresholds
set between .8V and 2.0V above DGND (standard TTL
logic level). The range of Vzg is AGND =< Vzg = (V¢ -
2.25V).

1.3 UNIPGLAR AND BiPGLAR GUTPUT VOITAGE
SWING

The ML2340 and ML2350 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 “0’s".
Unipolar mode is selected when Vzs is lower than 1.00
volt, and bipolar mode is selected when Vg is greater
than 1.50 volts.

131  Unipolar Output Mode

In the unipolar mode, Voyt swings above Vzs. Ideally
the 00000000 code results in an output voltage of Vzs,
and the 11111111 code results in an output voltage of
Vs x 255/256, where Vg is the full-scale voltage
determined by Vggr vy and the gain setting.

1.3.2 Bipolar Output Mode

In the bipolar mode, Voyt 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 (Vzg
- Vgs); and the 01111111 results in an output voltage of
(Vzs + Vs 127/128), where Vs is the full scale output
voltage determined by Vggr iy and the gain setting.

14 OUTPUT BUFFER AND GAIN SETTING

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
Voitage Output Swing
GAIN 1 | GAIN 0 | GAIN Relative to Vzg
0 0 4 VRer IN X ¥4
0 1 Y2 VREE IN X V2
1 0 1 VRer IN X 1
1 1 2 VRer N X 2

2-192
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Bipolar Output Voltage Mode ML2350
GAIN 1 | GAIN 0 | GAIN Voltage Outputp_| Vrer = 250V with Vier = 5.00V with
lag PP Gai Ve < 70V Ve = 8.0V
0 0 Va +VRer IN X VB n N N - -
; oy - Setting | Unipolar Bipolar Unipolar Bipolar
0 ! " EVRer N X V4 % | 0to 0625V | 03125V to | 0 to 125V | -0.625V to
1 0 1 +VRer IN X V2 +0.3125V +0.625V
1 1 2 +VRer IN X 1 % |0 to 1250V | -0.6250V to | 0 to 250V | -1.250V to
+0.6250V +1.250V
The output buffer can source or sink as much as 10mA 1 0 to 2.500V | -1.2500V to | 0 to 5.00V | -2.500V to
of current with an output voltage of at least 1V from +1.2500V +2.500V
either Ve or AGND. As the output voltage approaches 2 | 0to 5000V | 25000V to | 0 to 10.00V | -5.000V to
Vce or AGND the current sourcing/sinking capability of +2.5000V +5.000V

the output buffer is reduced. The output buffer can still
swing down to within 10mV of AGND and up to within
40mV of V¢ with a 100K load at Voyt to AGND in the
unipolar operation. In the bipolar operation, the output
buffer swing is limited to about 100mV from either rails.

1.5 VOUIAGE REFERENCE

A bandgap voltage reference is incorporated on the
ML2340 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 750 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 70 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 1mA of
current. With Vger |y connected to Vrer our, the
following output voltage ranges of the DAC are
obtained:

ML2340
VRer = 2.25V with VREF = 4.5V with
Gain Vee = 70V Vce = 8.0V
Setting | Unipolar Bipolar Unipolar Bipolar
Va 0 to 0.562V | -0.281V to | 0 to 1125V | -0.562V to
+0.281V +0.562V
Y 0 to 1125V | -0.562V to |0 to 2.250V | -1125V to
+0.562V +1125V
1 0 to 2250V | -1125V to | 0 to 4.500V | -2.250V to
+1125V +2.250V
2 0 to 4.500V | -2.250V to | 0 to 9.000V | -4.500V to
+2.250V +4.500V

An external reference can alternatively be used on

VRer 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 ML2340 and ML2350 consist
of a transfer input (XFER) and eight data inputs, DBO
through DB7. The digital interface operates in one of
the two modes:

1.61 Single-Buffered Mode

Digital input data on DB0-DB? 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,
DB0-DB7, results in an immediate update of the output
voltage.

1.7 POWER-ON-RESET

The ML2340 and ML2350 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
8us begins when the supply voltage, Vcc reaches
approximately 2.0V. During the power-on-reset interval,
the transparent latch is reset to all “0’s".
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2.0 TYPICAL APPLICATIONS

0 = ViN < 4.5V 0—
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Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V V¢c £ 10%
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Figure 7. Single 5V Supply Unipolar Vour
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2.0 TYPICAL APPLICATIONS (continued)
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Figure 8. Single 12V Supply, Bipolar Voyr with 11-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

INTEGRAL & DIFFERENTIAL TEMPERATURE
PART NUMBER NON-LINEARITY RANGE PACKAGE
VRer out = 4.50V with Ve = 8V and 2.25V with Ve < 7V
ML2340BM]j +% LSB -55°C to +125°C HERMETIC DIP
ML2340BI) —-40°C to +85°C HERMETIC DIP
ML2340BCP 0°C to +70°C MOLDED DIP
ML2340BCS 0°C to +70°C MOLDED SOIC
ML2340CM] +% LSB -55°C to +125°C HERMETIC DIP
ML2340Cl) —-40°C to +85°C HERMETIC DIP
ML2340CCP 0°C to +70°C MOLDED DIP
ML2340CCS 0°C to +70°C MOLDED SOIC
VRer out = 5.00V with Ve = 8V and 2.50V with Ve < 7V
ML2350BM) +% LSB -55°C to +125°C HERMETIC DIP
ML2350BIJ -40°C to +85°C HERMETIC DIP
ML2350BCP 0°C to +70°C MOLDED DIP
ML2350BCS 0°C to +70°C MOLDED SOIC
ML2350CM] +% LSB -55°C to +125°C HERMETIC DIP
ML2350Cl) —40°C to +85°C HERMETIC DIP
ML2350CCP 0°C to +70°C MOLDED DIP
ML2350CCS 0°C to +70°C MOLDED SOIC
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ML2341, ML2351

Single Supply, Programmable

8-Bit D/A Converters

GENERAL DESCRIPTION

The ML2341 and ML2351 are CMOS voltage output,
8-bit D/A converters with an internal voltage reference
and a uP 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 (Vzg) in the bipolar mode, both with
programmable gain. Vzs can be set to any voltage
from AGND to 2.25V below V¢c. 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 V¢ for easy
interfacing to standard TTL and CMOS logic families.

The high level of integration and versatility of the
ML2341 and ML2351 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 2.25V or 4.50V reference
output for use with A/D converters that use a single
5V + 10% power supply, while the ML2351 provides a
2.50V or 5.00V reference output.

FEATURES

m Programmable output voltage gain settings of 2, 1,
¥, V4 provide 8-, 9-, 10-, or 11-bit effective
resolution around zero

u AGND to V¢ output voltage swing

m Bipolar or unipolar output voltage

m 4.5V to 13.2V single supply or £2.25V to 6.5V
dual-supply operation

m Single- and double-buffered, edge-triggered
interface with 30ns write time, Ons hold time

m Voltage reference output

ML2341 .. 2.25V or 4.50V
ML2351 ..o 2.50V or 5.00V

m Nonlinearity +% LSB or =% LSB

m Output voltage settling time over temperature and
supply voltage tolerance

Within 1V of Vcc and AGND  ......... 2.5us max
Within 100mV of Vcc and AGND ....... 5us max
m TTL and CMOS compatible digital inputs
m Low supply current (Vggr < 2.5V) ........ 5mA max

m 20-pin DIP or PCC
m Operating temperature range of 0°C to +70°C,
-40°C to +85°C, and -55°C to +125°C

BLOCK DIAGRAM

Vzs Vce AGND

VREFOUT O~ VREF

VREFIN O——1 N\

8-BITD/A >
TRANSPARENT
LATCH

Vout

DGND O——

[

RESISTORS
SWITCHES

|| DECODERS
EDGE TRIGGERED
LATCH
XFER WRCS DBO DB7 GAINO GAIN 1
(LSB) (MSB)

PIN CONNECTIONS

ML2341 ML2341
ML2351 ML2351
20-Pin DIP 20-Pin PCC
Yeen [ P " ] veerour VOUTVCCVREF:IRTEZITN 1
vc([ 2 1 [] caN 1 "
vour [} 3 B[] caNo | ] cano
vzs [] 4 v []Cs AGND ik
AGND [] 5 16 [] Wr DCND  wr
DGND [] 6 15 [] xeer DB ] v
oBo [ 7 1 [] b7 DB1 1w [] 0w
oB1 [| 8 1 [] pse 9 10 1 2B
o2 [ o 1] :|st DR2 | DB4 | DB6
o83 [] 10 1 [] ose DB3  DBS
TOP VIEW TOP VIEW
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PIN DESCRIPTION

PIN # NAME FUNCTION PIN # NAME FUNCTION
1 VREF IN Voltage reference input. Vggr N is 10 DB3 Data input — Bit 3.
referenced to AGND. 1 DB4  Data input — Bit 4.
2 Vee Positive supply. 12 DB5 Data input — Bit 5.
3 Vour Voltage output of the D/A 13 DB6 Data input — Bit 6.
converter. Vo is referenced to . .
Vzs. 14 DB7 Data input — Bit 7 (MSB).
4 Vs Zero Scale Voltage. Vour is 15 XFER Transfer enable input. In the
referenced to Vzs. Vzg is normally double buffered mode of
tied to AGND in the unipolar operation, the data in the input
mode or to mid-supply in the latch is transferred to the D/A
bipolar mode. When the device is converter at the high level of XFER.
operated from a single power 16 WR Write enable input. While CS is
supply, Vzs has a maximum low, data inputs are latched into
current requirement of -300uA in the_input latch on the rising edge
the bipolar mode. of WR.
5 AGND Analog ground. 17 [ Chip select input. Active low input
6 DGND  Digital ground. This is the ground which enables latching in the data
reference level for all digital on the rising edge of WR.
inputs. The range is AGND < (Vcc 18 GAIN 0 Digital gdin setting input 0.
~ 4.5V). DGND is normally tied to 19 GAIN 1 Digital gain setting input 1.
system ground. 2 v Volt g tout
. . REF OUT oltage reference output.
7 DBo Data input — Bit 0 (LSB). VRer out is referenced to AGND.
8 DB1 Data input — Bit 1. VREer ourT is set to 2.5V and 5.0V in
9 DB2 Data input — Bit 2. a low-voltage and high-voltage

operation, respectively for the
ML2351; 2.25V and 4.5V for the
ML2341.

ABSOLUTE MAXIMUM RATINGS

OPERATING CONDITIONS

(Note 1) (Note 1)
Supply Voltage Vcc with Respect to AGND ............ 14.2v Supply Voltage, Ve vvvvvevvivininianaat 4.5Vpc to 13.2Vpc
DGND .. .ot -0.3V to Vo + 0.3V Temperature Range (Note 3) ..., . T =T, =T,
V78 VREFIN ++vvvrvnrnnnnnnineeeaneans -0.3V to V¢ + 0.3V ML2341BM]J, ML2341CMJ
Logic Inputs ... -0.3V to V¢ + 0.3V ML2351BMJ, ML2351CM) ............eeee -55°C to +125°C
Input Current per Pin (Note 2) ...................... +25mA ML2341Bl), ML2341Cl)
Storage Temperature ....................... -65°C to +150°C ML2351Blj, ML2351Cl] .........covvnennnnnn. -40°C to +85°C
Package Dissipation at T, = 25°C (Board Mount) ..... 875mwW ML2341BCQ, ML2341CCQ
Lead Temperature (Soldering 10 sec.) ML2351BCQ, ML2351CCQ
Dual-In-Line Package (Plastic) ........................ 260°C ML2341BCP, ML2341CCP
Dual-In-Line Package (CeramiC) ............c.oooen.. 300°C MLi2351BCP, ML235T1CCP ....ccvvvvneiinnnnnn. 0°C to +70°C
Molded Chip Carrier Package
Vapor Phase (60 seC.) ................ooviiiiinnn 215°C
Infrared (15 S€C.) ...ovvvniiiiiiiiiiiiiiiiiii i 220°C
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ML2341, ML2351

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Ta = Tvin t0 Tmax, Vec - AGND = 5V £ 10% and 12V =+ 10%, Vger N for ML2341 = 2.25V
and 4.50V, for ML2351 Vggr N = 2.50V and 5.00V, Vour load is Ry = 1k and Ci = 100pF, Vger load is Ry = 1K and

C. = 100pF and input control signals with tg = tp < 20ns.

ML2341XIX, ML2341XMX
ML2341XCX, ML2351XCX ML2351XIX, ML2351XMX
TYP TYP
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4) | MAX | UNITS
Converter and Programmable Gain Amplifier
Converter Resolution 5 8 8 . Bits
Integral Linearity Error 5 |GAIN=21 ", 0or
ML2341BXX, ML2351BXX +14 V4 LSB
ML2341CXX, ML2351CXX 1% +% LSB
Differential Linearity Error | 5 |GAIN =2, 1, %, or %
ML2341BXX, ML2351BXX R +V LSB
ML2341CXX, ML2351CXX +% +% LSB
Mode Select 5 |Vzs with respect to AGND
Unipolar Output 0 10 0 10 \Y
Bipolar Output 1.50 Vee225| 150 Vec225]  V
Offset Error 5 |Figure 1
Unipolar Mode GAIN = 14, 15, 1 +10 +12 mV
GAIN = 2 +20 +24 mV
Bipolar Mode 5 |Figure 1
GAIN = 14, 15, 1, 2 +10 plus +10 plus| mV
+2% LSB +2% LSB
Gain Error 5 |Figure 1
Unipolar Mode GAIN = 14, 15, 1, 2 +5 +2 +5 +25 %FS
Bipolar Mode GAIN =14, 2, 1, 2 +5 +2 +5 +2.5 %FS
Reference
Vrer out Voltage 5
ML2341BXX Vee = 7.0V Ta = 25°C 223 225 227 223 225 227 \Y
Tmin 10 Twax | 222 228 218 2.32 Y
Vee = 8.0V Tao=25°C| 448 450 452 448 450 452 v
TMin 10 Tvax | 446 4.54 4.43 457 \%
ML2341CXX Vee = 7.0V Ta = 25°C 222 225 229 222 225 2.28 A%
Tmin to Tpmax 2.20 2.30 218 2.32 \Y
Ve = 8.0V Ta=25°C| 445 450 455 445 450 455 \%
Tmin 0 Tyax | 440 460 435 465 \%
ML2351BXX 5 |Vec 7.0V Tao=25C| 248 2.50 2.52 248 2.50 252 \
Tmin to Tmax 247 253 243 2.57 A\
Vce = 8.0V Ta = 25°C 498 5.00 5.02 4.98 5.00 5.02 \%
Tmin to TMAX 496 5.04 4.90 510 \%
ML2351CXX Vee S 7.0V Ta = 25°C 245 2.50 2.55 2.46 2.50 2.55 \%
Tvin 10 Twax | 244 2.58 242 2.59 Y
Ve = 8.0V To=25°C | 495 5.00 5.05 495 5.00 5.05 v
T 0 Tpax | 490 510 485 515 \Y
Temperature Coefficient
VREF OUT 50 50 ppm/°C
Vger Output Current 5 -1 5 -1 5 mA
Vrer out Power Supply 5 [100mVp_p, 1kHz -40 -60 -40 -60 dB
Rejection Ratio Sinewave on Vcc
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ML2341, ML2351

ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise specified, Tpo = Tpin t0 Tmax Vec - AGND = 5V £ 10% and 12V + 10% VRer N for ML2341 = 2.25V
and 4.50V; for ML2351 Vggr N = 2.50V and 5.00V, Vour load is Ry = 1k and C; = 100pF, Vggr load is Ry = 1K and

C = 100pF and input control signals with tg = tr < 20ns.

ML2341XCX, ML2351XCX

ML2341XIX, ML2341XMX
ML2351XIX, ML2351XMX

TYP TYP
PARAMETER NOTES CONDITIONS MIN (Note 4) | MAX MIN (Note 4) MAX UNITS
Vrer N and Vzg
Vier N Input Range 5 |Vee < 700V AGND+2 AGND+ |AGND+2 AGND+ | V
26 26
Vce = 8.00V AGND+2 AGND+ |[AGND+2 AGND+ \2
55 5.5
VREF IN DC Input 5 10 10 MQ
Resistance
Vzs Voltage Range 58 AGND Vec/2 | AGND V2 \%
x 11 x 11
Analog Output
Vour Output Swing
Unipolar Mode 58 = 100K AGND+ Vce-.04 | AGND+ Vce-.04 \%
0.01 0.01
R, = 1K AGND+ Vee-10 | AGND+ Vee-10| v
1.0 1.0
Bipolar Mode 5 |R. = 100K AGND+ Vce-01 | AGND+ Vee-01| Vv
01 01
R, = 1K AGND+ Vce-10 | AGND+ Vee-10] v
1.0 1.0
Vourt Output Current 5 |AGND+1V<Vour<Vcc-1V| -10 +10 -10 +10 mA
Power Supply 100mVp_p, 1kHz -60 -60 dB
Rejection Ratio sinewave on Vcc
Digital and DC
Vino) Logical “0” 5 08 08 \Y
Input Voltage
Vine Logical “1” 5 20 20 Y%
Input Voltage
Ivo) Logical “0” 5 |V = DGND -1 -1 uA
Input Current
Iy Logicak-“1” 5 |V = Ve 1 1 uA
Input Current
Supply Current,
Bipolar Mode
Icc, Vee Current 5 Vee =5V £ 10% 53 53 mA
iAGND/
Analog Ground Current -5.0 -5.0 mA
lyzs, Vzs Current -90 -300 -90 -300 VA
lce Ve Current 5 |Vce = 12V £ 10% 93 9.3 mA
IagND/
Analog Ground Current -9.0 -9.0 mA
lyzs, Vzs Current -90 -300 -90 -300 HA
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ML2341, ML2351

ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise specified, Tp = TN to Tmax, Vec = AGND = 5V £ 10% and 12V £ 10%. Ve N for ML2341 = 2.25V
and 4.50V; for ML2351 Vggr iy = 2.50V and 5.00V, Vour load is Ry = 1k and C; = 100pF, Vggr load is R = 1K and

C = 100pF and input control signals with tg = tg < 20ns.

ML2341XCX, ML2351XCX

ML2341XIX, ML2341XMX
ML2351XIX, ML2351XMX

TYP P
PARAMETER NOTES CONDITIONS MIN | (Note 4) | MAX MIN | (Note 4 | MAX | UNITS
Digital and DC (Continued)
Supply Current,
Unipolar Mode
Ice, Ve Current 5 Vee = 5V = 10% 6.0 6.0 mA
lacnor
Analog Ground Current -4.3 43 mA
lyzs, Vzs Current -17 -17 mA
lce, Ve Current 5 Ve =12V £ 10% .0 1.0 mA
lagnDr
Analog Ground Current -73 -73 mA
lyzs, Vzs Current =37 -37 mA
AC Performance
Settling Time 5 |Figure 2,
ts1 Output Step of AGND + 1V 12 25 12 30
to Vec - 1V, Ry = 1K
ts2 Output Step of 25 5 25 6
AGND + 100mV to
Vee-100mV, Ry = 100K
ts3 Output Step of +1LSB 1 1 us
ts4, Gain Change Change of Any Gain Setting 11 2.5 1 3 Hs
twr, WR Pulse Width 5 |Figure 3 30 30 ns
txeere XFER Pulse Width 5 |Figure 3 60 60 ns
txw, ‘WR! to XFER! 6 Figure 3 60 60 ns
tpgs, DBO-DB7 5 |Figure 3 40 45 ns
Setup Time
tpsn, DBO-DB7 5 |Figure 3 0 0 ns
Hold Time
tcss, CS Setup Time 5 |Figure 3 50 ns
tcs, CS Hold Time Figure 3 0 0 ns
treser, Power-On 16 16 us
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:

should be limited to 25mA or less.

Note 3:

When the voltage at any pin exceeds the power supply rails (V) < AGND or Vy > V() the absolute value of current at that pin

-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:
Note 5:
Note 6:
Note 7:
Note 8:

should be avoided.

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.

Supply current and analog ground current are specified with the digital inputs stable and no load on Vgyr.
In unipolar operation with Vz5 and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND

1@ Micro Linear
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IDEAL ANALOG ACTUAL 1 4
ouTPUT
GAIN 7
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Figure 1. Gain and Offset Error
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Figure 2. Settling Time

2-202 & Micro Linear



ML2341, ML2351

f

£
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|
DB0-DB7 = = = o= = o = = VALID DAIA. == ———————— -
I<——toss—>| L—tosn

XFER TIED TO LOGIC “1”

Figure 3a. Single Buffered Mode

XFER

DB0-DB7 — — — VALID DATA

—>| tXFER

Figure 3b. Double Buffered Mode

1.0 FUNCTIONAL DESCRIPTION

11 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 Vggr v 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
VRer IN range.

- Vec

1 < 1
3 [ onR

—4 DACout

DACout

Figure 4. D/A Converter Implementation
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ML2341, ML2351

1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION

ML2341 and ML2351 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 Vcc and AGND. The range of DGND is

AGND = DGND < V¢ - 4.5V with the logic thresholds
set between .8V and 2.0V above DGND (standard TTL
logic level). The range of Vzg is AGND < Vzg <

(Vce - 2.25V).

1.3 UNIPOLAR AND BIPOLAR OUTPUT VOLIAGE
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 “0’s".
Unipolar mode is selected when Vzg is lower than 1.00
volt, and bipolar mode is selected when Vzs is greater
than 1.50 volts.

1.31  Unipolar Output Mode

In the unipolar mode, Vour swings above Vzs. Ideally
the 00000000 code results in an output voltage of Vzs,
and the 11111111 code results in an output voltage of
VEs x 255/256, where Vs is the full-scale voltage
determined by Vggr N and the gain setting.

132 Bipolar Output Mode

In the bipolar mode, Voyt 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 (Vzg
- Vgs); and the 01111111 results in an output voltage of
(Vzg + Vi 127/128), where Vrg i the full scale output
voltage determined by Vggr vy and the gain setting.

1.4 OUTPUT BUFFER AND GAIN SETTING
The output buffer converts the D/A output current to a

Bipolar Output Voltage Mode

GAIN 1 | GAIN 0| GAIN Voltage Outputp_p
0 0 Y% +VRer In X V6
0 1 1 +VRer N X V4
1 0 1 +VRee IN X V2
1 1 2 +VRer I 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 Ve or AGND. As the output voltage approaches
Vcc 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 Ve 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 VOUIAGE 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 750 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 70 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 TmA of
current. With Vggr iy connected to Vggr our, the
following output voltage ranges of the DAC are
obtained:

voltage output using a resistive network with proper ML2341
gain setting determined by the GAIN 0 and GAIN 1 Vger = 225V with Vger = 4.5V with
inputs. There are four possible gain settings for unipolar Gain Vee = 70V Ve = 8.0V
output voltage mode and bipolar output voltage mode Setting | Unipolar Bipolar Unipolar Bipolar
as listed below:
Va 0 to 0.562V | -0.281V to | 0 to 1125V | -0.562V to
Unipolar Output Voltage Mode +0.260¢ +0.562v
. Y2 0 to 1125V | -0.562V to | 0 to 2.250V | -1.125V to
Voltage Output Swing +0.562V +1125V
GAIN 1 | GAIN 0 | GAIN Relative to Vzg
1 0 to 2250V |. -1125V to | 0 to 4.500V | -2.250V to
0 0 Y VREF IN X "4 +1125V +2.250V
0 1 ) VREF IN X %2 2 |0to4500v | -2250V to |0 to 9.000V | -4.500V to
1 0 1 VRer IN X 1 +2.250V +4.500V
1 1 2 VREF IN X 2
N
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ML2351
Vgee = 2.50V with Vger = 5.00V with
Gain Vee < 70V Ve = 8.0V
Setting | Unipolar Bipolar Unipolar Bipolar
Va 0 to 0.625V | -0.3125V to | 0 to 1.25V | -0.625V to
+0.3125V +0.625V
Y 0 to 1.250V | -06250V to | 0 to 2.50V | -1.250V to
+0.6250V +1.250V
1 0 to 2.500V | -1.2500V to | 0 to 5.00V | -2.500V to
+1.2500V +2.500V
2 0 to 5.000V | -2.5000V to | 0 to 10.00V | -5.000V to
+2.5000V +5.000V

An external reference can alternatively be used on

VRer 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 DB7. The
digital interface operates in one of the two modes:

1.61 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 DB0-DB?7 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 as XFER inputs.
The rising edge of WR at low level of CS will latch the
data on DB0-DB? 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-on-reset interval of
typically 8us begins when the supply voltage, Vcc
reaches approximately 2.0V. During the power-on-reset
interval, both the input and data latch are reset to all
s
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2.0 TYPICAL APPLICATIONS

0= V|N < 45V 0— ) up

4.5V
+VREr

ML2261

Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V Vcc £ 10%
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Figure 6. TMS320 Interface with D/A Output

1.25V

: 256 CODES
[5 Ol
GND

625V

256 CODES

GND
Vour, GAIN 4

[
|
+av f 5.0V - 100mY
1
|
1
UNIPOLAR | 256 CODES
Vour 1
0 TO 5V |
:] 2,50V | 2.5V
| /256 CODES
I
I
|
|
= | GND GND
| Vour, GAIN 2 Vour, GAIN 1 Vourt, GAIN V2
1
L

Figure 7. Single 5V Supply Unipolar Vour
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2.0 TYPICAL APPLICATIONS (continued)
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Figure 8. Single 12V Supply, Bipolar Vour with 11-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

INTEGRAL & DIFFERENTIAL TEMPERATURE
PART NUMBER NON-LINEARITY RANGE PACKAGE
Vger out = 4.50V with Ve = 8V and 2.25V with Ve < 7V
ML2341BM] +% LSB -55°C to +125°C HERMETIC DIP
ML2341Bl) -40°C to +85°C HERMETIC DIP
ML2341BCP 0°C to +70°C MOLDED DIP
ML2341BCQ 0°C to +70°C MOLDED PCC
ML2341CM]) +% LSB -55°C to +125°C HERMETIC DIP
ML2341Cl) -40°C to +85°C HERMETIC DIP
ML2341CCP 0°C to +70°C MOLDED DIP
ML2341CCQ 0°C to +70°C MOLDED PCC
VRer our = 5.00V with Vce = 8V and 2,50V with Ve < 7V
ML2351BM]) +% LSB -55°C to +125°C HERMETIC DIP
ML2351Bl) -40°C to +85°C HERMETIC DIP
ML2351BCP 0°C to +70°C MOLDED DIP
ML2351BCQ 0°C to +70°C MOLDED PCC
ML2351CM) +% LSB -55°C to +125°C HERMETIC DIP
ML2351ClJ -40°C to +85°C HERMETIC DIP
ML2351CCP 0°C to +70°C MOLDED DIP
ML2351CCQ 0°C to +70°C MOLDED PCC
2-208
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Selection Guide

Gain/Attenuators
Gain Noise Harmonic Power Temperature
Part Range Resolution (dBrnc Distortion Digital Supplies Range
Number (dB) (dB Steps) | @ Max Gain) (dB) Interface (\%) C ] Package
ML2003 -24 to +24 01 0 -60 Serial, +5 X X |18-pin DIP
Hard Wire 20-pin PCC
ML2004 -24 to +24 01 0 -60 Serial +5 X X  |14-pin DIP
ML2008 -24 to +24 01 0 -60 8-Bit uP +5 X X |18-pin DIP
20-pin PCC
ML2009 -24 to +24 01 0 -60 16-Bit uP +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 V) C 1 Package
ML2020 Slope, 8 -48 60 Hz Serial +5 X X |16-pin DIP
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 . Template Supplies Range
Number (H2) (dBm) (Hz) Comment (\%) C 1 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
ClKp 2, =8
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 |Temperature
Part Range Resolution Error Distortion Digital Supplies Range
Number (Hz) (H2) (dB) (dB) Comment Interface V) C 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
CLKjy +2, +8
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ML2003, ML2004

Logarithmic Gain/Attenuator

GENERAL DESCRIPTION

The ML2003 and ML2004 are digitally controlled
logarithmic gain/attenuators with a range of -24 to
+24dB in 0.1dB 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 0.05dB 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.

FEATURES o ,
0 dBrnc max with +24dB gain

= Low noise

» 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

BLOCK DIAGRAM

N AGND Vss GND

FoTTT

Vv
RESISTORS/
SWITCHES RESISTORS/

4 SWITCHES
Ni6 %
DECODER/MODE SELECTOR
oo
c1 Fo|
ic2 P2 9
2
Lan© 9-BIT LATCH & ©
cl o SHIFT REGISTER
(SID)
o o o o o
ATTEN/ G B B P2
GAIN (SCK)

NOTE: SERIAL MODE FUNCTIONS INDICATED BY PARENTHESES.

1O SER/PAR

FO
©sop)

PIN CONNECTIONS

ML2003
18-PIN DIP
afll s [] ATTEN/GAIN
wamcz []2 7 [] vee
o)t [ 3 16 [] Vour
@ato)co [ 4 15 [] vss ML2003
PDN I: 5 4[] AGND 20-PIN PCC
™ - .~ .,
[ ] L_ ° 3]]VIN Z
sckr2 [ 7 12 [ Ne = |5
5 S
F[]s 11 [] Fo (soD) g3 E“
GNp [ 9 10 [] ser/PAR CO00%¥
32 1201
TOP VIEW Co (LATO) 04 (<] 18f Vour
NC {5 70 Vss
Pon O6 16{] AGND
B 7 150 NC
ML2004 F2(sCK) 8 uf NC
14-PIN DIP 9 10 1112 13
ze I“ a8z
ZKa>
un 1~ u[] vee "E%
sip []2 8 [] Vour s
1ato []3 2 [] ves TOP VIEW
Pon [ 4 1 [] AGND
sck [ 5 1 []vin
Nc []6 9[] NC
GND []7 8[] sop
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  Serial or parallel select input. When
pulldown resistor to GND. SER/PAR = 1, device 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
shift register from the latch. In parallel
mode, coarse gain select bit. Pin has
internal pulldown resistor to GND.

PpN Powerdown input. When Ppy =1, device
is in powerdown mode. When Ppy = 0,
device is in normal operation. Pin has
internal pulldown resistor to GND.

F3 In serial mode, pin is unused. In parallel
mode, fine gain select bit. Pin has
internal pulldown resistor to GND.

In serial mode, shift register clock
which shifts the serial data on SID into
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.

(SCK) F2

has internal pulldown resistor to GND.
VIN Analog input.

AGND Analog ground. 0 volts. Analog input
and output are referenced to this
ground.

Vss Negative supply. -5 volts +10%.

Vour Analog output.

Vce Positive supply. +5 volts £10%.

ATTEN/GAIN In serial mode, pin is unused. In
parallel mode, attenuation/gain select
bit. Pin has internal pulldown resistor to
GND.

ABSOLUTE MAXIMUM RATINGS

(Note 1)
Supply Voltage
G+ e e et et e e e e +6.5V
VS e ee et e e e e e -6.5V
AGND with respect to GND ...........ccoviiiiinn., +.5v
Analog Input and Output............ Vss - 0.3V to V¢ + 0.3V
Digital Inputs and Outputs......... GND - 0.3V to V¢ + 0.3V
Input Current Per Pin ..........oooiviiiniiiiin... +25mA
Power Dissipation .. ......ccovviiiiiiiiiiiiiiiaa.. 750mW
Storage Temperature Range ................ -65°C to +150°C
Lead Temperature (soldering, 10 sec) ................. 300°C

OPERATING CONDITIONS

Temperature Range (Note 2)

ML2003CP, ML2004CP, ML2004CQ............. 0°C to +70°C
ML20031j, ML20041). . ....cvvniiiiaa -40°C to +85°C
Supply Voltage
CC s oo eerenteeiieenne i ieeitscicenenancconans 4V to 6V
VS ettt i i i e e -4V to -6V

@ Micro Linear 33




ML2003, ML2004

ELECTRICAL CHARACTERISTICS

Unless otherwise specified Ty = Tuin to Tmax, Vec = 5V £10%, Vss = -5V +10%, Data Word: ATTEN/GAIN = 1,

Other Bits = 0 (0dB Ideal Gain), C; = 100pF, R = 600, SCK = LATI = LATO = 0, dBm measurements use 600Q as
reference load, digital timing measured at 1.4V.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN |NOTE 3| MAX | UNITS
Analog
AG Absolute gain accuracy 4 ViN = 8dBm, 1kHz -0.05 +0.05 dB
RG Relative gain accuracy 4 100000001 -.05 +.05 dB
000000000 -.05 +.05 dB
000000001 -.05 +.05 dB
All other gain settings -01 +01 dB
All values referenced to 100000000 gain
when ATTEN/GAIN = 1, V}y = 8dBm
when ATTEN/GAIN = 0,
V|N = (8dBm - Ideal 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 1kHz
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 dBrnc
5 Vin = 0, +24dB gain, 1kHz 450 900 |nv/+/Hz
HD Harmonic Distortion 4 ViN = 8dBm, 1kHz -60 dB
Measure 2nd, 3rd harmonic relative
to fundamental
SD Signal to Distortion 4 ViN = 8dBm, 1kHz. +60 dB
C msg. weighted
PSRR Power Supply Rejection 4 200mVp.p, TkHz sine, Viy = 0
on VCC -60 -40 dB
on Vsg -60 -40 dB
N Input Impedance, Viy 4 1 Meg
VINR Input Voltage Range 4 +3.0 \%
Vosw Output Voltage Swing 4 +3.0 \%
Digital and DC
ViL Digital Input Low Voltage 4 8 \Y%
\/ Nicienl Teeie Lok Valonon A an \Y}
YIH LIgial HIpPUL Tl vullagc - LV v
VoL Digital Output Low Voltage 4 loL = 2mA 4 \
VoH Digital Output High Voltage 4 loy = -TmA 4.0 \
Ins Input Current, SER/PAR 4 Viy = GND -5 -100 MA
IND Input Current, All Digital 4 Vin = Ve 5 100 HA
Inputs Except SER/PAR
Icc Ve Supply Current 4 No output load, V; = GND, 4 mA
Vin=Veo, Vin=0
Iss Vss Supply Current 4 No output load, V;, = GND, -4 mA
Vit = Veo, Vin =0
lccp Vcc Supply Current, 4 No output load, V), = GND, 5 mA
Powerdown Mode Viy = Ve
Issp Vss Supply Current 4 No output load, V), = GND, -1 mA
Powerdown Mode Vit = Vee
34

I&. Micro Linear



ML2003, ML2004

ELECTRICAL CHARACTERISTICS (Continued)

Unless otherwise SPECIerd Ta = TMIN to Tmax, Ve = 5V £10%, Vss = -5V +10%, Data Word: A]TEN/GAIN =1,
Other Bits = 0 (0dB Ideal Gain), C; = 100pF, R; = 600Q, SCK = LATI = LATO = 0, dBm measurements use 600 as
reference load, digital timing measured at 1.4V. C; = 100pF or SOD.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN [NOTE 3| MAX | UNITS
AC Characteristics
tseT Vour Settling Time 4 Vin = 0.185V. Change gain from -24 to 20 us

+24dB. Measure from LATI rising edge
to when Vgyr settles to within 0.05dB
of final value.

tsTEP Vour Step Response 4 Gain = +24dB. Vj\ = -0.185V to +0.185V 20 us
step. Measured when Vg settles to
within 0.05dB of final value.

tsck SCK On/Off Period 4 250 ns
ts SID Data Setup Time 4 50 ns
ty SID Data Hold Time 4 ns
tp SOD Data Delay 4 0 125 ns
tipw LATI Pulse Width 4 50 ns
topw LATO Pulse Width 4 50 ns
tis, tos | LATI, LATO Setup Time 4 50 ns
ti, ton | 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: 0°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.

TIMING DIAGRAM

' 75 ,
A

A

scK ﬂ j( \
s tm tos > = ton
topw,

o X\

SOD x K

TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT

Figure 1. Serial Mode Timing Diagram
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TYPICAL PERFORMANCE CURVES
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Figure 2. Amplitude vs Frequency (Vin/Vour = .5Vrms)
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Figure 3. Amplitude vs Frequency (Vin/Vour = 2Vrms)
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TYPICAL PERFORMANCE CURVES (Continued)
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Figure 8. S/N + D vs Gain Setting (Vin/Vout = 2Vrms)
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Figure 9. S/N + D vs Gain Setting (Vin/Vout = -5Vrms)

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, Vi, 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
0.1dB 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 Settings

Since the coarse and fine gain stages are cascaded, their
gains can be summed logarithmically. Thus, any gain
from -24dB to +24dB in 0.1dB steps can be obtained by

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-C0
selects the coarse gain, F3-F0 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 Vcc and GND,
or 5 volts. The analog section is powered between V¢
and Vsg 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 Ve and Vss
to the analog output is greater than -60dB at 1kHz. If
decoupling of the power supplies is still necessary in a
system, Vcc and Vs should be decoupled with
respect to AGND.
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FUNCTIONAL DESCRIPTION (Continued)

Table 1. Fine Gain Settings (C3-C0 = 0)

Table 2. Coarse Gain Settings (F3-F0 = 0)

Ideal Gain (dB) ___lIdeal Gain (dB)
F3 F2 F1 F0O ATTEN/GAIN =1 ATTEN/GAIN =0 C3 €2 C1 C0 ATTEN/GAIN =1 ATTEN/GAIN =0
0 0 0 0 .0 0 0 0 0 0 .0 0
0o 0 o 1 -1 N 6o o0 o 1 -15 15
0o 0 1 0 -2 2 o 0o 1 0 -3.0 3.0
0 0 1 1 -3 3 0 0 1 1 -4.5 4.5
0o 1 0 o -4 4 0o 1 0o 0 -6.0 6.0
0 1 0o 1 -5 5 o 1 0 1 -7.5 7.5
0 1 1 0 -6 6 0o 1 1 0 -9.0 9.0
0 1 1 1 -7 7 0 1 1 1 -10.5 10.5
1 0 0 0 -8 8 1 0 0 0 -12.0 12.0
1 0 0 1 -9 9 1 0 0 1 -13.5 13.5
1 0 1 0 -1.0 1.0 1 0 1 0 -15.0 15.0
1 0 1 1 -1.1 1.1 1 0 1 1 -16.5 16.5
1 1 0 0 -1.2 1.2 1 1 0 0 -18.0 18.0
1 1 0 1 -13 13 1 1 0 1 -19.5 19.5
1 1 1 0 -1.4 14 1 1 1 0 -21.0 21.0
1 1 1 1 -15 15 1 1 1 1 -22.5 22.5

1.5 Powerdown Mode

A powerdown mode can be selected with pin Ppn.
When Ppy = 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, Vour, to a high impedance state. While the
device is in powerdown mode, the digital section is still
functional and the current data word remains stored in
the latch when in serial mode. When Ppy = 0, the
device is in normal operation.

1.6 Digital Section

The ML2003 can be operated with a serial or parallel
interface. The SER/PAR pin selects the desired interface.
When SER/PAR = 1, the serial mode is selected. When

SER/PAR = 0, the parallel mode is selected. The ML2004
digitai interface is seriai oniy.

1.6.1 Serial Mode

Serial mode is selected by setting SER/PAR pin high.
The serial interface allows the gain settings to be set
from a serial data word.

The timing for the serial mode is shown in Figure 10.
The serial 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 T1. 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.

The device also has the capability to read out the data
word 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 100uV) of the
digital signals into the analog section. This coupling can be
minimized 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 SER/PAR 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
bypassed and connections are made directly to the gain
select bits with external pins ATTEN/GAIN, C3-C0, and
F3-F0. Tables 1 and 2 describe how these pins program
the gain. The pins ATTEN/GAIN, C3-C0, and F3-F0 have
internal pulldown resistors to GND. The typical value of
these pulldown resistors is 100kQ.
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FUNCTIONAL DESCRIPTION (Continued)

SCK 0 1 2 3 4 5 6 7 8

s X X_ X m X o X=X X o X o)X e)Xo XakX X XC
LATI I——I

o0 Y
w YT XX G D G G G G G N G

o M
XX

son:X X ro XFIXHXBXCOXC1XC2XC3

b) READ

Figure 10. Serial Mode Timing

ATTEN/GAIN €3 _C2 _C1_C0__F__F2__F1__Fo_ < FUNCTION

‘8'7]6|SI4|3|2|1|0|<—BITNUMBER

MSB LSB

Figure 11. 9-Bit Latch
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APPLICATIONS

ML2004 ML2020
LOG GAIN/ATTEN EQUALIZER ML2003
SN VN Vour |— Vin vour —_J AL
/474 T — VN Vout
_ ATTEN/GAIN
e § & 2 % E C3-Co
el il F3-F1
8-BIT LATCH
up
up
Figure 12. Typical Serial Interface Figure 13. Typical uP Parallel Interface
ML2020 OR ML2004 ML2020 OR ML2004 ML2020 OR ML2004
— VN Vout — — VN Vour [— — VN Vour [~
x 2 8 x E 2 a ¥ 5 9
88538 £8s3 8828
Ia— N I I v I
uP e} 55 55—

Figure 14. Controlling Multiple ML2020 and ML2004 With Only 3 Digital Lines
Using One Long Data Word

ML2003
AN Vin Vout M VIN up
__ A/D OR
ATTEN/GAIN Dsp
C3-C0
F3-F1
8-BIT LATCH

{T N~

Figure 15. AGC For DSP Or Modem Front End
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APPLICATIONS (Continued)

ML2003

VIN Vour

ATTEN/GAIN
C3-Co
F3-F1

TT

UP/DOWN _
8-BIT COUNTER U/D
A\

+5

w
+

DR +5

CLOCK

R3

R1, R2, R3 SETS AGC THRESHOLD
AND HYSTERESIS

Figure 16. Analog AGC

ML2003

VREF VIN Vour

Figure 1.

—_ VN

ML2003

Vour

ATTEN/GAIN
C3-Co
F3-F1

{}

UP/DOWN
8-BIT CTR
AN

u/D

CLOCK

DOWN UP

~——

FROM
uP OR
SWITCHES

Digitally Controlled Volume Control

VPEAK

ATTEN/GAIN

UP/DOWN

ub

Vour

8-BIT COUNTER
A\

CLK1 CLK2

fcik1 DETERMINES PEAK ACQUIRE TIME
fcik2 DETERMINES PEAK HOLD TIME

‘OMPARATOR

+

i
\l__

VPEAK

A'AN

VIN

Figure 18. Precision Peak Detector (+1%) with Controllable Acquire and Hold Times

T@. Micro Linear

3-11



ML2003, ML2004

ORDERING INFORMATION

PART NUMBER PACKAGE TEMP. RANGE
ML20031) HERMETIC DIP -40°C to +85°C
ML2003CP MOLDED DIP 0°C to +70°C
ML2003CQ MOLDED PCC 0°C to +70°C
ML20041) HERMETIC DIP -40°C to +85°C
ML2004CP MOLDED DIP 0°C to +70°C
3-12 - . -
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ML2008, ML2009

uP Compatible Logarithmic Gain/Attenuator

GENERAL DESCRIPTION

The ML2008 and ML2009 are digitally controlled logarithmic
gain/attenuators with a range of —24to +24dB in 0.1dB
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 0.05dB 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 gen-
eral purpose function generation.

FEATURES

= Low noise 0dBrnc max with +24dB gain
= Low harmonic distortion —60dB max
= Gain range —24t0 +24dB
m Resolution 0.1dB steps
n Flat frequency response +0.05dB from 0.3-4kHz

+0.10dB from 0.1-20kHz
= Low supply current 4mA max from =5V supplies
= TTL/CMOS compatible digital interface
= ML2008 is designed to interface to an 8-bit data bus;
ML2009 to 16-bit data bus.
m Standard 18-pin 0.3” center DIP or 20-pin molded
chip carrier package

BLOCK DIAGRAMS

ML2008

Ve Vss GND  AGND

P72

+5 -5 =

VIN
[0 SN ——
COARSE

| I

RESISTORS/ RESISTORS/
SWITCHES SWITCHES
¢ 16 ¢ 16
l DECODERS |

8

h S
—_— REGISTER 0 1
WR

REGISTER 1

A0

D1-D8

L_| RESISTORS/ [ RESISTORS/
SWITCHES SWITCHES

{16 $1s

DECODERS
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PIN CONNECTIONS

ML2008

18-PIN DIP

1;7[ A
o6 [}
D5 []
04 ]

D3]
D2 []
or]

ono [

1 B
2
3
4
wr[]s 1
6
7
8
9

10

1

ve

]VIN
[] NC
ks
[] A0

TOP VIEW

20-PIN PLCC

D5 D6 D7 D8 Vcc

9 0 N 12 13

DIGND A0 CS VIN

] Vee
] vour

] AGND

] Vour
] vss
[]AGND
[]NC
[]NC

ML2009
' 18-PINDIP
o7 1 N~ s ] os
D6 [ 2 17 ] Vce
os[]3 16 [] vour
pa[]4 15[] vss
‘Wi []s 1[] AGND
D3 [ 6 13 :| VIN
n2[]7 12[]nc
D1 [ 8 nf]c
oo [} 0[] po
TOP VIEW
20-PIN PLCC

D5 D6 D7 D8 Vcc

:| Vour
] vss
[]AGND
[]NC

] NC

DIGND DO G5 VIN

TOP VIEW TOP VIEW
PIN DESCRIPTION
NAME FUNCTION NAME FUNCTION
Vss Negative supply. —5volts £10% D3 Data bit, F3
Vce Positive supply. 5volts +10% D2 Data bit, Ppn, F2 ML2008; F2
GND " Digital ground. Ovolts. All digital ML2009
inputs are referenced to this D1 Data bit, FO, F1 ML2008; F1
' ground. ML2009
AGND Anz?!oig gdround. Ovolts.f/’\nalogd DO Data bit, FO ML2009 only
,'(?1?5 Utrzi:l ngutput are referenced to WR Write enable. This input latches
. ground. the data bits into the registers on
VIN . Analog input rising edges of WR.
Vour Analog output CS Chip select. This input selects the
D8 Data bit, ATTEN/GAIN device by only allowing the WR
D7 Data bit, C3 signal to latch in data when CSis
D6 Data bit, C2 low. .y
D5 Data bit. C1 A0 (ML2008 only)  Address select. This input deter-
ata bit, mines which data word is being
D4 Data bit, CO

written into the registers.
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS

(Note 1)

Supply Voltage Temperature Range (Note 2)
L o +6.5V ML2008CP, ML2009CP . ................... 0°Cto +70°C
VG e -6.5V ML2008CQ, ML2009CQ ............ ... 0°Cto +70°C
AGND with RespecttoGND ................... Ve to Vss ML2008lJ, ML2009Y  ................... —40°Cto +85°C
Analog Inputs and Outputs . ....... Vss —0.3Vto Ve +0.3V Supply Voltage
Digital Inputs and Outputs ... .... GND -0.3Vto V¢ +0.3V VOC v 4Vto6V
InputCurrentPerPin .................cvoon... +25mA VGG e -4Vto -6V
Power Dissipation ............. ... oo, 750mW
Storage Temperature Range ............. -65°Cto +150°C
Lead Temperature (Soldering 10sec.) ................ 300°C

ELECTRICAL CHARACTERISTICS

Unless otherwise specified Ta=Tpin to Tmax, Vac =5V £10%, Vss= —5V +10%, Data Word: D8 (ATTEN/GAIN) =1, Other
Bits=0, (0dB Ideal Gain), C| =100pF, R, =600, dBm measurements use 600 as reference load, digital iming measured at
1.4V.

TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
ANALOG
AG Absolute Gain Accuracy 4 Viny=8dBm, 1kHz -0.05 +0.05 dB
RG Relative Gain Accuracy 4 100000001 -0.05 +0.05 dB
000000000 -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 (ATTEN/GAIN) =1, V)y=8dBm
when D8 (ATTEN/GAIN) =0,
V)N =(8dBm-Ideal Gain) in dB
FR Frequency Response 4 300-4000Hz —-0.05 +0.05 dB
100-20,000Hz -0.1 +0.1 dB
Relative to 1kHz
Vos Output Offset Voltage 4 Vin=0, +24dB gain +100 mV
len Idle Channel Noise 4 Vin=0, +24dB, C msg weighted -6 0 dBrnc
5 Vin=0, +24dB, 1kHz 450 900 nv/ ~Hz
HD Harmonic Distortion 4 Vin=8dBm, 1kHz -60 dB
Measure 2nd, 3rd, harmonic relative to
fundamental
SD Signal to Distortion 4 Vin=8dBm, 1kHz +60 dB
C msg weighted
PSRR Power Supply Rejection 4 200mV,,, TkHz sine, Vi =0
on Ve -60 —-40 dB
on VSS -60 —-40 dB
7N Input Impedance, V| 4 1 Meg
VINR Input Voltage Range 4 +3.0 \
Vosw Output Voltage Swing 4 +3.0 \%
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ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise specified To =Tyn to Tmax, Vec=5V £10%, Vss= —5V £10%, Data Word: D8 (ATTEN/GAIN) =1, Other
Bits=0 (0dB Ideal Gain), C| =100 pF, R, =600R, dBm measurements use 600 as reference load, digital timing measured at

1.4V, C_=100pF.
TYP
SYMBOL PARAMETER NOTES CONDITIONS MIN NOTE 3 MAX UNITS
DIGITALAND DC '
Vi Digital Input Low Voltage 4 0.8 \
ViH Digital Input High Voltage 4 2.0 \
Iin Input Current, Low 4 Viy=CGND -10 MA
N Input Current, High 4 Vin=Vcc 10 uA
lcc Ve Supply Current 4 No output load, V) =GND, 4 mA
Vin=Vcc, Vin=0
Iss Vss Supply Current 4 No output load, V, =GND, -4 mA
Vin=Vcc, Vin=0
lccp Ve Supply Current, ML2008 4 No output load, V;; =GND, 0.5 mA
Powerdown Mode Only Vin=Vcc
lssp Vss Supply Current, ML2008 4 No output load, V; =GND, -0.1 mA
Powerdown Mode Only Vin=Vce
AC CHARACTERISTICS
toeT Vour Settling Time 4 Vin=0.185V. Change gain from —24 to 20 us
+24dB. Measure from WR rising edge to
when Vo settles to within 0.05dB of
final value.
tsTep Vour Step Response 4 Gain= +24dB. V|y=-3Vto +3V step. 20 us
Measure from V= -3V to when Vour
settles to within 0.05dB of final value.
tps Data Setup Time 4 50 ns
tpH Data Hold Time 4 50 ns
tas A0 Setup Time 4 0 ns
tAH A0 Hold Time 4 0 ns
tess CS* Setup Time 4 0 ns
tesh CS* Hold Time 4 0 ns
tow 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: 0°Cto +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 DIAGRAM

o0 \\ \\\\\\\\\\\\\\\\%ﬁ b m

WR —_\4—; " #f

[e—tAs [e—tAH
A0

|[<— tcss — tcsH

Figure 1. Timing Diagram

TYPICAL PERFORMANCE CURVES

0 < 0
q ~ H
wol L LU T [T N s LU T TN TN
> "ATTEN: ViN = .5VRMs \ N >'< 0> FATTEN: Vin = 2VRms \ ’N
_10| GAIN: Vin = 5VRMs/GAIN SETTING N 10| GAIN: Vin = 2Vems/GAIN SETTING A
can -+ uan 1\ Y 1]\ GAIN = +24a8”| \ |
-5 HHH 15 HH
GAIN = + 18dB )ﬁ GAIN = 0dB
-2 HHHH } -2 |
2 GAIN = + 12dB 2 GAIN = -24dB
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2 GAIN = + 0, -24dB \ 2 \
g -.30 M g -.30
< -3 < .35
-.40 H -40
45 LL -45 ‘
-.50 -.50
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Figure 2. Amplitude vs Frequency (Vin/Vout = 0.5 Vems) Figure 3. Amplitude vs Frequency (Vin/Vout =2 Vrms)
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Figure 4. Output Noise Voltage vs Frequency Figure 5. Cpsg Output Noise vs Gain Setting
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TYPICAL PERFORMANCE CURVES (Continued)

10 ATTEN: ViN = 8dBm
GAIN: Vin = 8dBm/GAIN SETTING
1KHz
2%
. 80
g / —
z /
a 70 //
C e
50
40
-4 -18 -12 -6 0 6 12 18 24
GAIN SETTING (dB)
Figure 6. Cps S/N vs Gain Setting
80 T T
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60 \\
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g AN
aQ \
+
z 40
& \
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ATTEN: VIN =2VRMs
GAIN: Vi = 2Vrms/GAIN SETTING
10 L ! n N
24 -8 -1 -6 0 6 2 18 4

GAIN SETTING (dB)
Figure 8. S/N +D vs Gain Setting (Vin/Vout =2 Vrms)
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Figure 7. Gain Error vs Gain Setting
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Figure 9. S/N +D vs Gain Setting (V)n/Vout = 0.5 Vrms)
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1.0 FUNCTIONAL DESCRIPTION

The ML2008, ML2009 consists of a coarse gain stage, a fine
gain stage, an output buffer, and a uP compatible parallel
digital interface.

1.1 Gain Stages

The analog input, V), goes directly into the op amp input in
the coarse gain stage. The coarse gain stage has a gain range
of 0t0 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 0.1dB steps.

Both stages can be programmed for either gain or attenua-
tion, thus doubling the effective gain range.

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 0.1dB 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 1and
2. Note that C3-CO select the coarse gain, F3-FO select the
fine gain, and ATTEN/GAIN selects either gain or
attenuation.

1.3 Output Buffer

The final analog stage is the output buffer. This amplifier has
internal gain of 1and is designed to drive 600RQ, 100 pF loads.
Thus, it is suitable for driving a telephone hybrid circuit di-
rectly without any external amplifier.

Table 1. Fine Gain Settings (C3 - C0=0)

1.4 Power Supplies

The digital section is powered between V¢ and GND, or 5V.
The analog section is powered between V¢ and Vsg and
uses AGND as the reference point, or £5V.

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 100uV. 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 V¢ and Vg to the
analog output is greater than —60dB at 1kHz. If decoupling
of the power supplies is still necessary in a system, Vcc and
Vss should be decoupled with respect to AGND.

Table 2. Coarse Gain Settings (F3 - F0=0)

Ideal Gain (dB)

Ideal Gain (dB)

3 F2 F FO  ATTEN/GAIN=1 ATTEN/GAIN=0 a (@] C1 CO  ATTEN/GAIN=1 ATTEN/GAIN =0
0 0 0 0 0.0 0.0 0 0 0 0 0.0 0.0
0 0 0 1 -0.1 0.1 0 0 0 1 -15 15
0 0 1 0 -0.2 0.2 0 0 1 0 -3.0 3.0
0 0 1 1 -03 0.3 0 0 1 1 -4.5 4.5
0 1 0 0 -04 0.4 0 1 0 0 -6.0 6.0
0 1 0 1 -0.5 0.5 0 1 0 1 -7.5 75
0 1 1 0 -0.6 0.6 0 1 1 0 -9.0 9.0
0 1 1 1 -0.7 0.7 0 1 1 1 -105 10.5
1 0 0 0 -0.8 0.8 1 0 0 0 -12.0 12.0
1 0 0 1 -09 0.9 1 0 0 1 -13.5 13.5
1 0 1 0 -1.0 1.0 1 0 1 0 -15.0 150
1 0 1 1 -11 11 1 0 1 1 -16.5 16.5
1 1 0 0 -12 12 1 1 0 0 -18.0 18.0
1 1 0 1 -13 13 1 1 0 1 -19.5 19.5
1 1 1 0 -1.4 14 1 1 1 0 -21.0 21.0
1 1 1 1 -15 15 1 1 1 1 =225 22,5

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 M