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Selection Guide

OPERATIONAL AMPLIFIERS

Parameters*
Part
Number Description Vos B | los | TCVos SR
Uncompensated
LM108 Low Input Current Precision 2mv 2nA 0.2nA 15uV/°C
LM108A Low Input Current and Offset Voltage Precision 0.5mV 2nA 0.2nA 5uV/°C
LM2108A Dual Precision 0.5mV 2nA 0.2nA 5uV/°C
‘| Compensated
LM118 High Speed 4mv 250nA 50nA 20uV°C(T) 50V/us
LM148 Quad 741 Smv 100nA 25nA 10uV/°C (T) 5V/us (T)
LF155 | JFET Input General Purpose 5mV 100pA 20pA 5uV/°C (T)
LF155A ' JFET Input General Purpose 2mv 50pA 10pA 3uVI’C(T) 3V/us
LF156 | JFET Input Wideband smv 100pA 20pA 5uVI°C (T) 7.5Vius
LF156A JFET Input Wideband 2mv 50pA 10pA 3uVI°C (T) 10Vius
VOLTAGE COMPARATORS
*
Part Parameters
Number Description Vos (T Is(T) tResP v+ v- Vo, lo
LM111 General Purpose 3mv 100nA 250ns 50V, 50mA
LMt19 Dual General Purpose amv 500nA 8ons +oi:>°—+11si>/ " | 35v,25mA -
Quad General Purpose Low Power +2t0 +36V,
LM139 (ImW/comp.) ) 5mv 100nA ~13us +11to0 =18V
) +210 36V,
LM139A Quad General Purpose 2mv 100nA 1.3us 11018V
X +2710+7V,
Am685 Very Fast ECL Output 2mv 10xA 6.5ns 27t0_7V -
Am686 Very Fast TTL Output 2mv 10pA t2ns © | Y2TOHTVY | vy =—0.9v
-27t0 -7V _
VoL = —1.78V
Am687 Dual Very Fast ECL Output 3mv 10uA gns | T2710+7V, | lo=30mA
-27t0-7V
. +2.7t0 +7V,
Am§B7A Dual Very Fast ECL Output 2mv 10pA 8ns 27t0-7V
Am1500 Dual General Purpose 3mv 100nA 250ns
LH2111 Dual General Purpose 3mv 100nA 250ns
Am6685 Ultra Fast ECL Output +05mV | 154A 26ns | T2TROATH | vou =00V :
- VoL = —1.75V
Am6687 Dual Ultra Fast ECL Output +£0.5mV | 15uA 2.5ns "_'2771:; j;‘\j lp = 30mA
POWER SUPPLY CONTROLLERS
Part Parameters-
Number Description lo Vo AVREF/AIREF VIN
Am6300 Power Control Subsystem 100mA 37.5V 0.15% VRer +5to +40V
Am6301 Switching Power Supply Controller 70mA 33v 0.4% VRer +11to +30V

*All specifications are limit values at 25°C unless otherwise specified. (T) indicates typical value. For a complete description of parameters, please refer

to Glossary.



SELECTION GUIDE (Cont.)

DATA ACQUISITION PRODUCTS

Part Parameters*
Number Description tis tc
DAC-08 8-Bit High-Speed Muitiplying DAC 85ns
LM1508 8-Bit Multiplying DAC 300ns
SSS1508 8-Bit Multiplying DAC . 135ns
Am2502/03 8-Bit Successive Approximation Registers
Am2504 12-Bit Successive Approximation Registers
Am25L02/03 Low Power 8-Bit Successive Approximation Registers
Am25L04 Low Power 12-Bit Successive Approximation Registers
Am6012 12-Bit High-Speed Multiplying DAC . 250ns
Am6014 14-Bit High-Speed Multiplying DAC 500ns
Am6022 12-Bit Ultra-High-Speed Multiplying DAC 75ns
Am6070 Companding DAC for Control Systems - 300ns
Am6072 Companding DAC for PCM Communications Systems 300ns
Am6606 6-Bit 100MHz Quantizer 10ns
Am6688 4-Bit 100MHz Quantizer : 10ns
Microprocessor Compatible
Am6080 8-Bit High-Speed Multiplying DAC 160ns
Am6081 8-Bit High-Speed Multiplying DAC . 200ns
Am6082 . 12-Bit High-Speed Complete DAC 100ns
Am6108/Am6148 8-Bit Complete A/D Converter . 1us
Am6112 12-Bit Complete A/D Converter 3.3us
SAMPLE AND HOLDS »
Part Acquisition
Number Description Time to .01%
LF198 Monolithic Sample and Hold 6us
Amé420 High-Speed 12-Bit Accurate Sample and Hold 500ns

*All specifications are limit values at 25°C unless otherwise specified. (T) indicates typical value. For a complete description of parameters, please refer
to Glossary.

1-6



- Industry Cross Reference

Analog Devices AMD Hitachi AMD Motorola AMD
ADDAC-08AD DAC-08AQ HA17008 DAC-08 LM139 LM139
ADDAC-08CD DAC-08CQ HA17012 AM6012 LM148 LM148
ADDAC-08D DAC-08Q HA17408 AM1408 LM211G LM211H
ADDAC-08ED DAC-08EQ LM211L LM211D
ADDAC-08HD DAC-08HQ Harris AMD LM308A LM30BA
AD108A LM108A ; LM308 LM308
AD108 LM108 LF156 LF156 LM311G LM311H
AD111 LMi11 LF356 LF356 LM311L LM311D
AD1408-7D AM1408L7 LM108A LM108A LM311N LM311N
AD1408-8D AM1408L8 LMi08 LM108 LM339A LM339A
AD1508-8D AM1508L8 LM118 LM118 LM339 LM339
AD308 LM308 LM148 LM148 LM348 LM348
AD311 LM311 LM308A LM308A MC1408L6 AM1408L6
AD518 LM118 LM308 LM308 MC1408L7 AM1408L7
AD9E85 AMES5 LM318 LM318 MC1408L8 AM1408L8
AD9687 AM687 LM348 Lmaas MC1508L8 AM1508L8
Intersil AMD National AMD
Fairchild AMD
LH2101A LH2101A DACOB00LAJ DAC-08AQ
" pA0BO1ADM DAC-08AQ LH2111 LH2111 DACO800LCJ DAC-08EQ
#A0801CDC DAC-08CQ LM108A LM108A DACOB0OLCN DAC-08EN
1A0801CPC DAC-08CN LM108 LM108 DACO0800LJ DAC-08Q
#A0B01DM DAC-08Q M1 M1 DAC0801LCJ DAC-08CQ
1A0B01EPC DAC-08EN LM139 LM133 DAC0802LCJ DAC-08HQ
1A0B01HDC DAC-08HQ LM308A LM308A DAC0802LCN DAC-08HN
1A0B01HPC DAC-08HN LM308 LM308 DACO0806LCJ AM1408L6
#A0B02ADC AM1408L8 - LM311 LM31 DACOB06LCN AM1408N6
#AOBO2APC AM1408N8 LM339A LM339A DACOB07LCY " AM1408L7
#A0802BDC AM1408L7 LM339 LM339 DACO0BO7LCN AM1408N7
1A0B02BPC AM1408N7 DACO0808LCJ AM1408L8
©A0802CDC AM1408L6 Motorola AMD DACO0808LCN AM1408N8
uA0B02CPC AM1408N6 DAC0808LJ AM1508L8
1A0B02DM AM1508L8 DAC-08 DAC-08 LF155AH LF155AH
pA108AH LM108AH DAC-08AQ DAC-08AQ LF155H LF155H
#A108H LM108H DAC-08CP DAC-08CN LF156AH LF156AH
pA111H LM111H DAC-08CQ DAC-08CQ LF156H LF156H
pA118 LM118 DAC-08EP DAC-08EN
HAT39A LM139A DAC-08EQ DAC-08EQ oo L Fasan
! v LF255H LF255H
nA139DM LM139D DAGC-08HP 'DAC-08HQ LF256H LF256H
uA139D LM139D DAC-08HQ DAC-08HN LF298H LF298H
pA148 LM148 DAC-08Q DAC-08Q , - LF355AH LF355AH
uA198 LF198 LF155 LF155
pA207H LM207H LF156 LF156 oo ey
55N LF355N
1A208AH LM208AH LF355 LF355 LF356AH LF356AH
nA308AH LM308AH LH2101A LH2101A LF356N LF356N
1A308H LM308H LH2111 LH2111
o o e
#A311P LM311N Motorola AMD LH2101AD LH2101AD
nA339A LM339A LM108A LM108A LH2101AF LH2101AF
#A339D LM339D LM108 LM108 LH2101AJ LH2101AD
HA33SP LM339N LM111G LM111H
A348 LM348 . LH2111D LH2111D
e - LM111L LM111D LH2111D AM1500DM
nA398 LF398 LM13%A LM139A LH2111F LH2111F




Industry Cross Reference

National

LH2111J
LH2201AD

LH2201AF
LH2201AJ
LH2211D
LH2211F
LH2211J

LH2301AJ

LH2311J
LM108AD

LM108AF
LM108AH
LM108AJ
LM108D
LM108F -

LM108H
LM108J
LM111D
LM111F
LM111H

LM111J
LM118D
LM118F
LM118H
LM118J

LM119D
LM119F
LM119H
LM119J
LM139AD

LM139AF
LM139AJ
LM139D
LM139J
LM148D

LM208AD
LM208AF
LM208AH
LM208AJ

LM208D

LM208F
LM208H
LM208J
LM211D
LM211F

LM211H
LM211J
LM218D -
LLM218F
LM218H

LM218J
LM219D
LM219F
LM219H
LM219J

LM239AD
LM239AJ
LM239D

LH2301AD

LH2311D

AMD

LH2111D .
LH2201AD

LH2201AF .

LH2201AD
LH2211D
LH2211F
LH2211D

LH2301AD
LH2301AD
LH2311D
LH2311D
LM108AD

LM108AF
LM108AH
LM108AD
LM108D

LM108F

LM108H
LM108D
LM111D
LM111F
LM111F

LM111D
LM118D
LM118F
LM118H
LM118D

LM118D
LM119F
LM119H
LM119D
LM139AD

LM139AF
LM139AJ
LM139D
LM139D
LM148D

LM208AD
LM208AF
LM208AH
LM208AD
LM208D

LM208F
LM208H
LM208D
LM211D
LM211F

LM211H
LM211D
LM218D
LM218F
LM218H

LM218D
LM219D
LM219F
LM219H
LM218J

LM239AD
LM239AD
LM239D

National AMD PMI AMD
LM318D LM318D PM308 LM308
LM318F LM318F PM339 LM339
LM318H LM318H PM355 LM355
LM318J LM318D PM356 LM356
LM318N LM318N SSS1408A-6Q SSS1408A-6Q
LM319D LM319D SSS1408A-7Q SSS1408A-7Q
LM319H LM319H SSS1408A-8Q SSS1408A-8Q
LM319J LM319J SSS1508A-8Q SSS1508A-8Q
LM239J LM239D _
LM248D LM248D RCA AMD
LM308AD LM308AD:
LM308AF LM308AF CA111 LM111
LM308AH LM308AH CA139 LM139
LM308AJ LM308AD CA311 LM311
LM308AN LM308AN CA339 LM339
LM308D LM308D :
LM308F LM308F Raytheon AMD
LM308H LM308H
LM308J LM308D DAC-08 DAC-08
LM308N LM308N DAC-08ADM DAC-08AQ
LM311D LM311D DAC-08CBM DAC-08CN
LM311F LM311F DAC-08CDM DAC-08CQ
LM311J LM311D DAC-08DM - DAC-08Q
LM339AD LM339AD DAC-08EBM DAG-08EN
LM339AJ LM339AD DAC-08EDM DAC-08EQ
LM339AN LM339AN DAC-08HBM DAC-08HN
LM339N LM339N DAC-08HDM DAC-08HQ
LM348D LM348D . DAC-08CBM DAC-08CN
LM348N LM348N LH2101A LH2101A
LH2111 LH2111
NEC AMD LM108A LM108A
UDC159A LM118 t,m ?? tm??
LM118 LM118
Plessey AMD LM139 LM139
LM148 LM148
SP9685 "AM685 LM311H LM311H
SP9687 AMB87 -
Signetics AMD
PMI AMD
oow  oew | lm®
DAC312BR AM6012DM LH2101A LH2101A
DAC312BR AMB012DM LH2111 CH2114
DAC312FR AMB012ADC LM10BAF LM10BAD
DAC312FR AMB012DC LM10BAT CM10BAL
DACT76CX AMB070DC LM108F LM12§D
" DACT6EX . AMB070ADC LM108T {M10eH
DACT8FX AMB070ADC LM111E LM111D
DACT78GX AMB070DC LM111T LM111H
DAC-76BX AMB070ADM LM 115D ™
DAC-76EX AMB070DC LM119T LM} 1 ga
DAC-76EX AMB070ADC LM139F LM138D
DAC-76X AMS070DM LM139 LM139
DAC-86EX AMB072DC LM20BAF LM208AD
PM108A LM108A LM208AT LM208AH
PM108 ‘LM108 LM208F LM208D
PM139 LM139 LM208T LM208H
PM155. LM155 LM211F LM211D
PM156 LM156 LM211T LM211H
PM308A LM308A
LM219D LM219D

1-8




Industry Cross Reference

Signetics AMD Signetics AMD Texas Instruments AMD
LM219H LM21SH NE5008N DAC-08EN SN52108AFA LM108AF
LM239F LM239D * NES5009F DAC-08HQ SN52108AJA LM108AD
LM308AF ~ LM308AD NES5009N DAC-08HN SN52108AL LM108AH
LM308AT LM308AH SES008F DAC-08Q SN52108FA LM108F
LM308F LMd08D SE5009F DAC-08AQ SN52108JA LM108D
LM308T LM308H SN52108L LM108H
LM308V LM308N SN52111FA LM111F
LM311F LM311D Slemens AMD SN52111J LM111D
T LR s eew | SENTL D
LM311V LM3TIN - TDA4700 AM6301DC

LM319A LM319N SN52118JA LM118D
LM319D LM319D Silicon General AMD SN52118L LM118H
LM319T LM31gH SN72308AJA LM308AD
w W oo gnowo | geze e
LM339F LM339D SG108AT LM108AH

MC1408-6F AM1408L6 SG108D LM108D SN72308L LM308H
MC1408-6N AM1408N6 SG108T LM108H SN72311J LM311D
MC1408-7F AM1408L7 SG111T LM111H SN72311L LM311H
MC1408-7N AM1408N7 SG139D LM139AD gs;gg:giA tmg:gg
MC1408-8F AM1408L8 SG308AT LM308AH

MC1408-8N AM1408N8 SG308T LM308H

MC1508-8F AM1508L8 SG311T LM311H

NE5007F DAC-08CQ SG339AD LM339AD

NE5007N DAC-08CN SG339D LM339D

NES5008F DAC-08EQ

FUnctionaIly Equivalent Only

Analog Devices AMD National AMD ) Signetics AMD
AD558 AM6080 ADC0820 AM6108 NE5018 AM6080
AD570 AM6108 ADC1280 AM6112 NE5019 AMB080
AD574A AM6112 DAC0832 AM6080 NE5118 AM6080
AD7524 AM6080 DAC1201 AM6012 NE5119 AM6080
AD7574 . AM6148 DAC1220 AM6012 NE5560 © AM6301
LM161 AM686
Fairchild AMD
LAT60 AMB686 Plessey AMDv Siemens ' AMD
SP9754 ] AME688 SDAS5010 AM6606
Harris AMD
PMI AMD *  Silicon General AMD
HA4950 AMe8 '
HA5320 AM?ASO CMPO5 AM686 SG3524 AMB301
HI5712 AM6112 DACS808 AM6080
DAC888 AMB6080
SMP10 AM6420
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Amo080

Microprocessor System Compatibie 8-Bit High Speed Multiplying D/A Converter

DISTINCTIVE CHARACTERISTICS

@ B-Bit D/A with 8-Bit input data latch

o Compatible with most popular microprocessors
including the Am8086 and the Am2900 Families

® Write, Chip Select and Data Enable logic on chip

® DAC appears as memory location to migroprocessor

o MSB inversion under logic control

® Differential current output

® Choice of 6 coding formats

e Fast settling current output —160ns

o Nonlinearity to +=0.1% max over temperature range

o Full scale current pre-matched to =1 LSB

o High output impedance and voltage compliance

® Low full scale current drift — +5ppm/°C

e Wide range multiplying capability —2.0MHz bandwidth
e Direct interface to TTL, CMOS, NMOS

e High speed data latch — 80ns min write time

GENERAL DESCRIPTION

The Am6080 is a monolithic 8-bit multiplying Digital-to-Analog
converter with an 8-bit data latch, chip select and other coni-ol
signal lines which allow direct interface with microprocessor
buses. ’

The converter allows a choice of 6 different coding formats. The
most significant bit (D) can be inverted or non-inverted under the
control of the code select input. The code control also provides a
zero differential current output for 2’s complement coding. A high
voltage compliance, complementary current output pair is pro-
vided. The data latch is very high speed which makes the
Am6080 capable of interfacing with high speed microprocessors.

Monotonic multiplying performance is.maintained over a more
than 40 to 1 reference current range. Matching within =1 LSB

between reference and full scale current eliminates the need for
full scale trimming in most applications.

The Am6080 guarantees full 8-bit monotonicity. Nonlinearities as
tight as 0.1% over the entire operating temperature range are
available. Device performance is essentially unchanged over the
full power supply voltage and temperature range.

Applications for the Am6080 include microprocessor compatible
data acquisition systems and data distribution systems, 8-bit A/D
converters, servo-motor and pen drivers, waveform generators,
programmable attenuators, analog meter drivers, programmable
power supplies, CRT display drivers and high speed modems.

CONNECTION DIAGRAMS — Top Views

EQUIVALENT CIRCUIT
Lss MSB CODE D-20-1, P-20-1
Dy Dy Dz Dy Dy Ds Dg D; SEL V4
00000 ? 9
CODE SELECT 1 [] cg.,E SEL v+ [_] 20 POSITIVE POWER SUPPLY
(MsB) Dy INPUT 2 [| b, io[[] 19 oUTRUT
C5 O——DATA GATE Dg INPUT 3 [0 to [ ] 18 ouTPUT
i o DATA LATCH o o5 INPUT 4 []Dg Am6080 v— [] 17 NEGATIVE POWER SUPPLY
DEO—1— oramp Dy INPUT 5 [0, comp [ ] 16 COMPENSATION
VRgF(+) 0 BIT SWITCHES AND LADDER | D3 INPUT & [}, VREF(~)|_] 15 NEGATIVE REFERENCE '
Vrer(-1 0 ° o, weut 7 [0, Vaer(s; [ ] 14 POSITIVE REFERENCE
coue o o, neuT 8 []oy DE |_] 13 DATA LATCH ENABLE
(LSB) Dy INPUT 9 [T Dg W[ 12 wame
S & GND 10 ] GND €5 [] 11 CHIP SELECT
GND V- LIC-061 .
LIC-062
ORDERING INFORMATION* Leadless Chip-Pak
Package Temperature Order
Type Range Nonlinearity = Number
Hermetic DIP —55t0 +125°C 0.1% AM6080ADM
Hermetic DIP —55t0 +125°C 0.19% AM6080DM
Leadless —55to +125°C 0.1% AMG0OS0ALM**
Leadless —55t0 +125°C 0.19% AM6080LM**
Hermetic DIP Oto +70°C 0.1% AM6080ADC
Hermetic DIP 0to +70°C 0.19% AMB080DC
Molded DIP 0to +70°C 0.1% AMGE080APC
Molded DIP 0to +70°C 0.19% AM6080PC
Leadless 0to +70°C 0.1% AM6080ALC**
Leadless Oto +70°C 0.19% AM6080LC**
*Also available with burn-in processing. To order add suffix B
to part number. Pin 1 marked for orientation.
21 03941B-ANA

** Availability to be announced.




Am6080
MAXIMUM RATINGS

Operating Temperature Power Supply Voltage +18V
Am6080ADM, Am6080DM _ o . _
AmBOSOALM, AmE08OLM 55to +125°C | Logic Inputs 5to +18V
Am6080ADC, Am6080DC Analog Current Outputs —12to +18V
Am6080APC, Am6080PC 0to +70°C
AmB080ALC, Am6080LC Reference Inputs (V14 Vi5) V-toV*

Storage Temperature —65to +150°C | Reference Input Differential Voltage (V14 to V1s) +18V

Lead Temperature (Soldering, 60 sec) 300°C | Reference Input Current (114) 1.25mA

ELECTRICAL CHARACTERISTICS

These specifications apply for V. = +5V, V_ = =15V, Igge = 0.5mA, over the 6perating temperature range unless otherwise specified.
Output characteristics refer to all outputs. .

Am6080A Am6080
Parameter Description Conditions Min. Typ. Max. Min. Typ. Max. Unit
Resolution 8 8 8 8 8 8 bits
Monotonicity 8 8 8 8 8 8 bits
Differential
DN.L. Nonlinearity - - +0.19 - - +0.39 %FS
N.L. Nonlinearity - - +0.1 - - *0.19 | %FS
VRer = 10.000V
Ifs Full Scale Current R4 = Ry5 = 20.000k2 1.984 1.992 2.000 1.976 1.992 2.008 mA
Tp = 25°C
- +5 *20 - *10 +40 | ppm/°C
TClgg Full Scale Tempco
- .0005 +.002 - .001 +.004 | %FS/°C
Output Voltage' _ _ _ _
Voc Compliance 10 +18 10 +18 Volts
Full Scale vt
Irss Symmetry Iest ~ Fg1 - 01 | =10 - 02 | =20 HA
Izs Zero Scale Current - 0.01 1.0 - 0.01 2.0 pA
: Reference Current | V—=—5V 0 0.5 0.55 0 0.5 0.55 A
RR Range V- = —15v 0 05 | 14 ) 05 | 14
Vi Logic | | ogic “0” - - 08 - - 0.8
Input - Volts
Vin Levels Logic “1” 20 - - 2.0 - -

N Logic Input Current Viny = =5V to +18V - - 40 - - 40 pnA
Vis Logic input Swing V- = —15V -5 - +18 -5 - +18 Volts
Reference Bias ) :
lys Current 0.5 -20 ‘ 0.5 2.0 A,
Reference Input Ry4(eq) = 80002 - _
dl/dt Slew Rate CC = OpF 4.0 8.0 4.0 8.0 mA/us
PSSles+ | Power Supply V+ = +4.5V o +55V, V- = —15V - |=0.0003] =0.01 - |*00005) =001 | o

PSSlgg_ | Sensitivity V- = —-135Vto - 16.5V, V+ = +5V - +0.0005| +0.01 - +0.0005| +0.01 ‘
V+ Power Supply 45 - 18 4.5 - 18
| = 0.5mA, V, =0V Volts
V- Range REF our 18 = —a5 | -8 z —a5
1+ - 9.8 147 - 9.8 14.7
- V+ = +5V, V- = -5V
- - -74 | -99 - -74 | -99
I+ Power Supply - 9.8 14.7 - 98 147
V+ = +5V, V- = —15V mA
- Current - -7.4 -9.9 - -7.4 -9.9
I+ : 9.8 147 - 9.8 147
V+ = +15V, V- = —15V
- - ~7.4 -9.9 - -74 -9.9
V+ = 45V, V- = -5V - 86 123 - 86 123
Power
Pp Dissipation V+ = +5V, V- = —15V = 160 222 - 160 222 mw
(Note 1) - .
V+ = +15V, V- = —-15V - - 258 369 - 258 369

Note 1: Derate Hermetic DIP 10mW/°C above 100°C, Plastic package 6.8mW/°C, Leadless 10mW/°C above 100°C.
2-2




Am6080

Am6080 FUNCTIONAL PIN DESCRIPTION DE Data Latch Enable — This active low input is used
to enable the data latch. The CS, DE, and W must
Symbol Function be active in order to write into the data latch.

Do-D7  Do-D; are the input bits 1-8 to the input data latch. CODE Code Select — When CODE SEL = 0, the MSB (D7) is
Data is transferred to the data latch when CS, DE, SEL inverted and 1 LSB balance current is added to the

and W are active and is latched when any of the lo output.

enable signals go inactive. VRer(+) Positive and negative reference voltage to the ref-
— . . X X i VRer(—) erence bias amplifier. These differential inputs allow
cs Chip Select ~ This active low input signal enables the use of positive, negative and bipolar references.

the Am6080. Writing into the data latch occurs only.

when the device is selected. COMP Compensation — Frequency compensating terminal

for the reference amplifier.

W Write — This active low control signal enables the IO,G These are high impedance complementary current out-
data latch when the CS and DE inputs are active. puts. The sum of these currents is always equal to Igg
FUNCTION TABLES
DATA LATCH CONTROL CODE SELECT
CS W DE Data Latch CODE
o |lo] o Transparent SEL Function
X X 1 Latched 0 MSB Inverted (Note 1)
X 1 X Latched 1 MSB Non-inverted
1 X X Latched
X = Don't Gare Note 1. LSB balance current is added to the E'output.

AC CHARACTERISTICS

Vi = +5V, V_ = —15V, Iggg = 0.5mA, R < 50042, C| < 15pF over the operating temperature range unless otherwise specified
Commercial Military
Temp. Grades Temp. Grades
Parameter Description Conditions Min. Typ. Max. } Min. Typ. Max. | Unit
R N Tp = 25°C
ts Settling Time, All Bits Switched Settling to =¥2LSB | 160 160 ns
tpLH Propagation | Each bit Tp = 25°C 80 160 80 160 :
ns
tpHL Delay All bits switched 50% to 50% 80 160 80 160
toH Data Hold Time .| See timing diagram 10 -30 10 ~30 ns
tos Data Set Up Time See timing diagram 80 35 100 35 ns
tow Data Write Time See timing diagram 80 35 100 35 ns

Notes: 1. tpw is the overlap of W low, CS low, and DE low. All three signals must be low to enable the latch. Any signal going inactive latches the data.
2. tg is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to within
+1/2 LSB. All bits switched on or off.
3. The internal time delays from TS, W and DE inputs to the enabling of the latches are all equal.

TIMING DIAGRAM

tow ——ef

W /o
(NOTES 1, 3)
|~—‘Ds — ‘-— toH

3% XXKXKKeemne | XXXXKXXXXX
ourput o
(NOTE2) &
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Am6080

APPLICATION HINTS:

1. Reference current and reference resistor.
Thereis a 1to 4 scale up between the reference current (Iggf)
and the full scale output current (Igg). If Vgge = +10Vand Igg
= 2mA, the value of the Ry, is:

Cc
I ]
CompP
VREF(+)

Am6080

_ 4x10 Volt KQ v [ - _%Ej_
14 — 2mA = 20 = * Rys = Ryg
: LIC-064
2. Reference amplifier compensation.
For AC reference applications, a minimum value compensa-
tion capacitor (Cc) is normally used. The value of this
capacitor depends on Rys. The minimum values to maximize
bandwidth without oscillation are as follows:
Reference Amplifier Output Voltage
Frequency Response Compliance
R . —— 22 ALL BITS ON
REF (EQ) =
Table 2 A Ce - 10pF 28
Compensation Capacitor ] T 24
(lrs = 2mA, Iggr = 0.5mA) ’l 2 E' 2.0 V- = —15V IREF = 0.5mA
= = - T
Reer (k) Cc (pF) £ °[TancE siGNAL =50% 7 g 5 , [v- - sv
o _,|mooutation oF 2ma 7 [N} | 3 [
w FULL SCALE CURRENT __| A1| | = 12 IREF = 0.25mA
10 50 E gl 2 o ]
5 25 & SMALL SIGNAL 1% § adll} )
2 10 © _g| MODULATION OF 2mA 0.4
FULL SCALE CURRENT .
; g —‘_’m . HLoIJ L 1'_0 0 ~14-10-6 -2 2 6 10 14 18
FREQUENCY — MHz OUTPUT VOLTAGE - VOLTS
A 0.01uF capacitor is recommended for the fixed reference operation.
LIC-065 _Lic-066
Reference Amplifier Biasing
VR+
sy -
“A": 1 IREF
in Y ) REFERENCE 1
AMPLIFIER [
15
75 19
Ris = Ryl Rin Rs
Vino—o0
J_comp
— o )
= _l_ ce
v- LIC-067
Reference Configuration Rqg Rys Rin Cc IREF
Positive Reference Vg4 ov N/C 01uF VR4+/Rys /
Negative Reference oV VR— N/C O1pF -Vgp-/R14
Lo Impedance Bipolar (VR+/Ry4) + (Vin/Rin)
Reference VR+ ov Vin (Note 1) (Note 2)
Hi Impedance Bipolar . (VR+ — VINV/R1a
Reference VR+ Vin N/C (Note 1) (Note 3)
Pulsed Reference (Note 4) Vi ov Vin gaop (VR+/R14) + (Vin/RIN)

Notes: 1.

The compensation capacitor is a function of the impedance seen at the +Vggr input and must be at least C = 5pFX Ryseq) in
kQ. For R4 < 800Q no capacitor is necessary. .
2. For negative values of VN, VR4+/R14 must be greater than —V|y Max/R,y so that the amplifier is not turned off.

3. For positive values of V|y, VR4 must be greater than V,y Max so the amplifier is not turned off.

4. For pulsed operation, Vg . provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 800 or less
and an additional resistor may be connected from pin 14 to ground to lower the impedance.

24



Am6080

CODE SEL . . 1
5KO ————e
————AM——
Ry
20K '
gsan ‘;‘;:f VREF(+) lo ©
20K Am6080 _ OP AMP ——Vour
VREF(-) lo d
Ris
L. D7 Do
= e Az
5K 1
OPTIONAL
(NOTE 1).
MSB Lss = = LIC-068
CODE OUT MSB LsSB| K 3
\/
CODE FORMAT SEL CONNECTIONS OUTPUT SCALE SEL D7 D6 D5 D4 D3 D2 D1 DO | (mA)|(mA) ouT
Positive full scale X 1 11 1 1 1 1t 1[1892| 0 9.960
. i . Positive full scale ~ LSB X 1 1111 1 0 (1984 O 9.920
Straight binary: one ac Zero scale - X 0 0000 OO0 0Ff.000 O .000
polarity with true input 1 b-i
- code, true zero output. e
UNIPOLAR
Positive fuil scale X 0 0 0 0 0 O O 0 }1992 0 9.960
Complementary binary: Positive full scale — LSB X 0 0 0 0 O 0 0 1 |1984 0 9.920
one polarity with a-e Zero scale X 1 11 1 1 1 1 1 .000 0 .000
complementary input 1 b-c
code, true zero output.
Positive full scale X 1 1Tt 1 1 1 1 1 }1.992| .000] 9.960
Straight offset binary: Positive full scale — LSB" | X 1 11 1 1 11 0 |1.984| .008 9.880
offset half scale, a-c (+) Zero scale X 1 0 0 0 0 0 0O O |1.000] .992 .040
symmetrical about zero, 1 b-d (—) Zero scale X [} 1 1.1 1 1 1 1 992 | 1.000| -.040
no true zero output. Negative full scale — LSB | X 0 0 0 0 0 0 O 1 .008 | 1.984| -9.880
Negative full scale X [} 0 0 0 0 0 O 0 .000 | 1.9921 —9.960
SYMMETRICAL
OFFSET -
1's complement: Positive full scale X o 1 1 1 t 1.1 1 |1992| .000] 9.960
offset half scale, , Positive full scale - LSB | X o t+ 1t 1 1 1 1 0 [1984| .008/ 9.980
symmetrical about zero, 1 ‘ a-c (+) Zero scale X 0 0 0 0 0 OO0 0 |1000| .992 .040
no true zero output (Note 1) b-d (—) Zero scale X 1 T 1 1 1 1 1 1 992 (1.000| -.040
MSB complemented.. Negative full scale — LSB | X 1 0 0 0 0 0 0O 1 .008 | 1.984 | -9.880
(need inverter at D7) Negative full scale X 1 0 0 0 0 0 0 0 .000 | 1.992| -9.960
Offset binary: Positive full scale X 1 11 1 1 1 1 1 {1992 .008| 9.920
- offset half gé\le Positive full scale — LSB X 1 LI I I B | 0 | 1984 .016 9.840
true zero oul ut’ 0 ac + LSB X 1 0 0 0 0 00O 1 ]1.008 (| .992 .080
P! Zero scale X 1 0 0 0 0 ¢ 0 O (1000]1.000 .000
MSB complemented (Note 1) b-d _LsB M 0 1 1 1 1 1 1 1 |1992!|1008 -o80
OFFSET | (o meonr at 00} Negative full scale + LSB| X - 0 0 0 0 0 0 0 1 | 008]1.992| 0920
WITH 7 Negative full scale X 0 0 0 0 0 0 0 0| .000f2000|-10.000
TRUE Positive full scale X 0 Tt 111 1 1 (1992} .008 9.920
ZERO g . Positive full scale — LSB X o 1 1 1 1 11 0 | 1984 | 016 9.840
I it:
el ac +1L8B X 0 0000 0 0 1][1008| 992 .080
i o Zero scale X 0 0 0 0 0 0 0 0O |1000(1.000 .000
ue zero output b-d
MSB complemented. -1LSB X 1 11t 1 11 1 99211,008] -.080
P g Negative full scale + LSBl X 1 0 0 0 0 0 0 1 | 008|1.992| —9.920
Negative full scale X 1 0 0 0 0 0 0 O .000 | 2.000 [ —10.000

Jote 1: An external inverter is necessary since the code select inverts the MSB and adds a 1 LSB balance current to Ig. Only one of these features is
desired for this code.

ADDITIONAL CODE MODIFICATIONS
I. Any of the offset binary codes may be complemented by reversing the output terminal pair.




Am6080

SYSTEM APPLICATIONS
Am9080A DATA SYSTEM
Ag-Ars ADDRESS BUS >
. CHIP
SELECT
DECODER
D07 K DATA BUS >
DE  DyD; CODE
Setem _ﬁ = = R
_ _ AmE080 —0
iow fo—————{ W 5 +
R
WRITING DATA INTO THE Am6080 (2's Complement)
PORT 1 :EQU OOH OUTPUT PORT ADDRESS
MOV A, M :GET DATA FROM MEMORY
OUT 0 PORT1 :SEND DATA
LIC-069
Am2900 DATA SYSTEM: MULTIPLE ANALOG INPUTS
< DATA BUS >
1 []
COMMAND
REGISTER £,
Am25LS374 8
DACK
qs 1ACK
» PROGRAM 1 INSTRUCTION 1:8 eop
ER DECODER MUX ROY
(2) Am2911 Am29811A Am258151
0 8 i 7 'I/‘* 43
CONTROL STORAGE
(6) Am27511
256 x 24 PROM Og-D7
,’24 =
CODE  Dg:Dy
INSTRUCTION PIPELINE —ojw S P
EGISTER Am6080 ° OUTPUT 1
o= e o
o DE .
3 T . .
9 = . .
. .
. .
OTHER . .
CONTROL . .
(?mAnRQ?' Do-D7 .
RDY) .
- O— = .
1 o— l :
38 O— CODE  Dg-D7
DECODER |[O— L— olw SEL A\
o— Am5080 ouTPUT 8
o— i
O- —O} TS
BE
= LIC-070
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Am6080
SYSTEM APPLICATIONS (Cont.) '

ANALOG/DIGITAL CONVERTER UNDER
SOFTWARE CONTROL

ANALOG
INPUT

AgArs ADDRESS BUS

ADDRESS
DECODE '—_'-‘—I
LOGIC
cPU
CODE
__ SEL
[ lo
¥/

Am31t

compP

iow jo———gJ———20o| W

READ .
jo——{ contrOL
LOGIC J
D07 <,L DATA BUS >

el

LIC-071

Am9080A SOFTWARE FOR A/D CONVERSION USING Am6080.

SEQ SOURCE STATEMENT SEQ SOURCE STATEMENT
0 PORT1 EQU 00H ;6080 A/0 PORT ADDRESS 13 IN PORT3 ;INPUT FROM COMP
1 PORT3 EQU 02H ;COMPARATOR ADDRESS 14 CRA A ;SET SIGN FLAG
2 ORG 3ES0H 15 JM NEXT ;IF SMALLER GO TO NEXT BIT
3 START: LXt SP,STAKS~16  ;INITIAL STAKS POINTER 16 MOV D,E ;SAVE RESULT .
4 SAMPLE:  CALL ADCON ;CALL A/D CONVERSATION 17 NEXT: MOV A,B ;GET NEXT TRIAL BIT
5 JMP SAMPLE ;NEXT SAMPLE 18 RAR ;SHIFT RIGHT ONGE
6 ADCON:  XRA A :CLEAR ACC 19 RC : ;RETURN ON CARRY
7 MOV D,A ;CLEAR D REG 20 MOV B,A ;STORE TEST BIT
8 STC ;SET CARRY 21 . ADDD ;ACCUMULATE RESULT
9 RAR ;SETBIT7T0 1 22 JMP LOOP ;TRY NEXT BIT
10 MOV B,A STORE TEST BIT AT B REGISTER 23 STAKS: DS 16
11 LOOP: MOV EA ;STORE TEST WORD 24 END START ‘
12 OUT PORT1 ;0UTPUT TO A/D

2-7



Am6080

Instrumentation and Control

Data Acquisition

Data Distribution

Function Generation

Servo Controls

Programmable Power Supplies
Digital Zero Scale Calibration
Digital Full Scale Calibration
Digitally Controlled Offset Null

Audio

Music Distribution

Digitally Controlled Gain
Potentiometer Replacement
Digital Recording

Speech Digitizing

APPLICATIONS

Signal Processing

CRT Displays

I{F Gain Control

8 x 8 Digital Multiplication
Line Driver

A/D Converters

Ratiometric ADC
Differential Input ADC
Microprocessor Controlled ADC

D/A Converters

Single Quadrant Multiplying DAC
Two Quadrant Multiplying DAC
Four Quadrant Multiplying DAC

METALLIZATION AND PAD LAYOUT

Dg Dy D D3 Dy Dy Dg

GND

= @

8l

VRer (+)

D7
CODE SEL

v+

Veer(-)

DIE SIZE: 0.083" X 0.121"




Amo081

Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter

DISTINCTIVE CHARACTERISTICS

e 8-Bit D/A with 8-Bit input data latch

® Compatible with most popular microprocessors including
the Am8086 and the Am2900 Families

Write, Chip Select and Data Enable logic on chip

DAC appears as memory location to microprocessor
MSB inversion under logic control

Differential current outputs

Output current mode multiplexer with logic selection
2-Bit status latch for output select and code select
Choice of 8 coding formats

Fast settling current output — 200ns

Nonlinearity to +0.1% max over temperature range
Full scale current pre-matched to =1 LSB

High output impedance and voltage compliance

Low full scale current drift — =5ppm/°C

Wide range multiplying capability —~2.0MHz bandwidth
Direct interface to TTL, CMOS, NMOS

Output range selection with on chip multiplexer

High speed data latch — 80ns min write time

GENERAL DESCRIPTION

The Am6081 is a monolithic 8-bit multiplying Digital-to-Analog
converter with an 8-bit data latch, a 2-bit status latch, chip
select and other control signal lines which allow direct inter-
face with microprocessor buses.

The converter allows a choice of 8 different coding formats.
The most significant bit (D;) can be inverted or non-inverted
under the control of the code select input. The code control
also provides a zero differential current output for 2's com-
plement coding. A pair of high voltage compliance, dual com-
plementary current output channels is provided and is
selected by the output status command. The output multi-
plexer also allows analog bus connection of several convert-
ers, range or output load selection, and time-shared operation
between D/A and A/D functions. The data and status latches
are high speed which makes the Am6081 capable of interfac-
ing with high speed microprocessors. The DE and SE control
signals allow the data and status latches to be updated

individually or simultaneously.

Monotonic muitiplying performance is maintained over a more
than 40 to 1 reference current range. Matching within +1 LSB
between reference and full scale current eliminates the need
for full scale trimming in most applications.

The Am6081 guarantees full 8-bit monotonicity. Nonlinearities
as tight as 0.1% over the entire operating temperature range
are available. Device performance is essentially unchanged
over the full power supply voltage and temperature range.

Applications for the Am6081 include microprocessor compati-
ble data acquisition systems and data distribution systems,
8-bit A/D converters, servo-motor and pen drivers, waveform
generators, programmable attenuators, analog meter drivers,
programmable power supplies, CRT display drivers and high
speed modems. :

EQUIVALENT CIRCUIT CONNECTION DIAGRAM
LsB MSB CODE Top View
Do D1D2030405Dg D7 SEL  V+ D-24-1, P-24-1
1 1 i
& ourpur
c; o] DATA GATE - o "S- CODE SELECT I[j oL v+ | ] 24 POSITIVE POWER SUPPLY
o—1 ALAToN f
DE >— || o1 (MsB) D7 INPUT 2] D7 OUT SEL [ 23 OUTPUT SELECT
SE o— 1 To1 -
— | Dg INPUT 3[j Dg 16, [ 22 OUTPUT 2
+) o—
VREF(—) o—] loz2 psput 4[] 05 10, [ ] 21 outeur 2
o——1 Toz
Ccomp o—| I 02 Dy mPuT 5| D, 7 [ 20 GUTRUTT
D3 INPUT 6| D3 104 j 19 OUTPUT 1
Am6081
I T ozINpUT 7| D, ~ [_] 18 NEGATIVE POWER SUPPLY
GND v- OUTPUT SEL LIC-001 oyweur 8] o, COMP || 17 COMPENSATION
ORDERING INFORMATION* use)poeut 9 [ 0 VREF(<) |__] 16 NEGATIVE REFERENCE
Package Temperature Order CHIP SELECT 10 [ ] C§ VREF(+) : 15 POSITIVE REFERENCE
Type Range N ity Numb: WRTE N[ | W SE | ] 14 STATUS LATCH ENABLE
Hermetic | _ ., o +*1% |AM6081ADM GROUND 12 GND bE DAT.
pp | TCW+125C | ies  AMe081DM - BE | T2 AT Laten ENaBLE
Hermetic +1% AM6081ADC
DIP . AM6081DC
0°C to +70°C = 19%
Molded *1% AM6081APC
DiP *.19% AM6081PC
*Also available with burn-in processing. To order add suffix B
to part number. Note: Pin 1 is marked for orientation. LIC-002
2-9 03951B-ANA




Am6081

Am6081 FUNCTIONAL PIN DESCRIPTION CODE Code Select — Input to the CODE SEL latch. The
SEL latch is transparent when CS, SE and W are ac-

Symbol Function tive and is latched when any of the above signals

cs Chip Select — This active low input signal enables go lngcti}/e. When CODE SEL latch = 0, the MS.B
the Am6081. Writing into the data or status latches (Dy) is inverted and 1 LSB balance current is
occurs only when the device is selected. added to the Ip output.

— ouTt Output Select — Input to the OUT SEL latch. The

DE Data Latch Enable — This active low input is used SEL latch is transparent when CS, SE and W are ac-
to enable the data latch. The CS, DE, and W must tive and is latched when any of the above signals
be active in order to write into the data latch. go inactive. When the OUT SEL latch is low, the

. ) o ) channel 1 output pair (Igy, Toq) is selected. When

SE  Status Latch Enable — This active high input is “the OUT SEL latch is high, the channel 2 output
used to enable the status latches. The CS, SE, pair (ko2 g) is selected.
and W must be active in order to write into the e 2
status latches. VReF(+) Positive and negative reference voltage to the ref-

_ VREF(—) erence bias amplifier. These differential inputs allow

w Write — This active low control signal enables the the use of positive, negative and bipolar references.
data and status latches when the CS, DE, and SE . comp Compensation — Frequency compensating terminal
inputs are active. for the reference amplifier.

Dg-D7  Dy-Dy are the input bits 1-8 to the input data latch. 101, 'QJ These high impedance current output pairs are
Data is transferred to the data latch when CS, DE, lo2, o2 selected by the output select latch. oy and I, are
and W are active and is latched when any of the - true outputs and lgy and lp, are complementary
enable signals go inactive. . outputs.

FUNCTION TABLES
CODE SELECT AND
DATA LATCH CONTROL STATUS LATCH CONTROL OUTPUT SELECT

o o CODE SEL and CODE oOuUT
CS W DE Data Latch CS W SE OUTSEL Latch SEL SEL Function

0 0 0 Transparent 0 0 1 Transparent 0 — | MSB Inverted (Note 1)

X X 1 Latched X X 0 Latched 1 - MSB Non-inverted

X 1 X Latched X 1 X Latched - 0 | Output Channel 1

1 X X Latched 1 X X Latched - 1 Output Channel 2

X = Don't Care

Note 1. 1 LSB balance current is added to the Tg output.

MAXIMUM RATINGS

Operating Temperature - Power Supply Voltage +18V
Am6081ADM, Am6081DM —55°C to +125°C | Logic Inputs -5V to +18V
Am6081ADC, Am6081DC Analog Current Outputs -12V to +18V
Am6081APC, Am6081PC 0°C tp +70°C |"Reference Inputs (Vys, V1g) V- to V+

Storage Temperature —65°C to +150°C | Reference Input Differential Voltage (V45 to V4g) +18V

Lead Teﬁ1perature (Soldering, 60 sec) 300°C | Reference Input Current (l45) 1.25mA

GUARANTEED FUNCTIONAL SPECIFICATIONS
Resolution 8 bits
Monotonicity 8 bits




ELECTRICAL CHARACTERISTICS

These specifications apply for V4 = +5V, V_ = —15V, Iggg = 0.5mA, over the operating temperature range unless otherwise specified.
Output characteristics refer to all outputs.

Am6081

AmG6081A Amé6081
Parameter Description Conditions Min. Typ. . Max. Min. Typ. Max. Unit
Resolution Straight coding/Sign Magnitude 8/9 8/9 8/9 8/9 8/9 8/9 bits
Monotonicity Straight coding/Sign Magnitude 8/9 8/9 8/9 8/9 8/9 8/9 bits
Differential
D.N.L. Nonlinearity - - +0.18 - -~ +0.39 %FS
N.L. Nonlinearity - - +0.1 - - +0.19 | %FS
VRer = 10.000V
Irs Full Scale Current Rys = Ryg = 20.000kQ2 1.984 1.992 2.000 1.976 1.992 2.008 mA
' Ta = 25°C .
ol Full Scale T - *5 +20 - *10 +40 | ppm/°C
‘Full Scale Tempco
Fs pe = | =.0005| =.002 =001 | =.004 |%FS/°C
Output Voltage - _ _ _ _ Vol
Voc Compliance 10 +18 10 +18 oits
Full Scale — —_—
lrss Symmetry les1 ~ Trsy Of Ips2 — Ipsa ~ +01 | =10 - =02 | =20 KA
Output Switch — —
loss Sy'r’nme"y Iest — Irs2 of Irst — Trs2 - 0.1 | %10 - 02 | %20 | uA
Izs Zero Scale Current - 0.01 1.0 - 0.01 2.0 nA
Output Disable gy = -
lois Current Output of mpx “Off* Channels 0.01 0.05 0.01 0.05 HA
| Refere®e Current V- =-5V 0 05 0.55 0 05 0.55 mA
AR Range’ V- = —15v 0 05 1.1 0 05 1.1
Vi Logic Logic “0” - - 0.8 - - 0.8
Input e Voits
Vik Levels Logic “1 20 - - 2.0 - -
N Logic Input Current ViN = -5V to +18V - - 40 - - 40 nA
Vis Logic Input Swing V- = -15v -5 - +18 -5 - +18 Volts
Reference Bias
he Currant - -05 | -20 -05 | -20 uA
Reference Input Ris(eq) = 80002 — -
dl/dt Slew Rate CC = OpF 4.0 8.0 4.0 8.0 mA/us
PSSIFs+. | Power Supply V+ = +4.5Vto +5.5V, V- = —15V - [{*0.0005; =0.01 — |=0.0005| =0.01 %FS
PSSlgg— Sensitivity V- = —-13.5Vto - 16.5V, V+ = +5V - +0.0005] +0.01 - +0.0005| +0.01 o
V+ Power Supply 4.5 - 18 4.5 - 18
i = 0.5mA, V =0v Volts
V- Range REF out ~18 - —a5 | -18 | Cas
I+ - 9.8 14.7 - 9.8 14.7
V+ = +5V,V— = -5V
- - ~7.4 -9.9 - -7.4 -9.9
I+ Power Supply vV v - 9.8 14.7 - 9.8 14.7 mA
+ = 4+ - = -
- Current v V. 18 - -74 -9.9 - -74 ~9.9
I+ 9.8 14.7 - 9.8 147
V+ = +158V, V- = —15V
- - -74 -9.9 - -7.4 -9.9
V+ = +5V, V- = -5V - 86 123 - 86 123
Power
Pp Dissipation V+ = +58V, V- = —15V - 160 222 - 160 222 mw
V+ = +15V, V- = —-15V - 258 369 - 258 369
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Am6081
AC CHARACTERISTICS

V4 = +5V, Vo = —15V, Iggg = 0.5mA, R < 500Q, C|_ < 15pF over the operating temperature range unless otherwise specified
' Commercial Military
Temp. Grades Temp. Grades
Parameter Description Conditions Min. Typ. Max. | Min. Typ. Max. | Unit
A ) ) Ta = 25°C
ts Settling Time, All Bits Switched Settiing to +15LSB 200 200 ns
thLH Propagation Each bit Ta = 25°C 90 180 90 180
ns.
[ Delay All bits switched 50% to 50% 90 180 90 180
) ] N Ta = 25°C
tos Output Switch Settling Time 1o =1/2LSB of lgg 250 250 ns
Output Switch Propagation Ta = 25°C, .
top Delay 50% 1o 50% 150 300 150 300 ns
toH Data Hold Time _ See timing diagram 10 -30 10 —-30 ns
tps Data Set Up Time See timing diagram 80 35 100 35 ns
tow Data Write Time See timing diagram 80 35 100 35 ns
tsH Status Hold Time See timing diagram 10 -70 10 -70 ns
tss Status Set Up Time See timing diagram 200 100 230 100 ns
tsw Status Write Time See timing diagram 200 100 230 100 ns

Notes: 1. tpy is the overlap of W ow, CS low, and DE low. Al three signals must be low to enable the latch. Any signal going inactive latches the data.
2. tg is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to within
+1/2 LSB. All bits switched on or off.
. 3. tgw is the overlap of W low, CS low and SE high, all three signals must be active to enable the latch and any signal going inactive will latch
the data.
4. The internal time delays from CS, W, SE and DE inputs to the enabling of the latches are all equal.

TIMING DIAGRAM

w
(NOTES 1, 4) . 4

"——'DS ——

ts - N
A
ouTPuT lo
(NOTE2) =
tsW ——ef
- -
(NOTES 3, 4) /
!
l,_ [ p— I-——. tsH
ts
ouTpuT lo
(NOTE2) {5

LIC-003
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Am6081

APPLICATION HINTS Yner o
+10V - C
1. Reference current and reference resistor ,—ﬁ——i
Thereis a 1to 4 scale up between the reference current (Ipgr) ) )
and the full scale output current (Igg). If VRgr = +10V and Igg Ris ; comp V- 10
= 2mA, the value of the Rys is: e e | e
4 x 10 Volt VRgr(-) By = 4% VeEE
= —_— R, Trs
8- 2mA 20K0 = ° h Rig = Ris
. LIC-004
2. Reference amplifier compensation
For AC reference applications, a minimum value compensa-
tion capacitor (C¢) is normally used. The value of this
capacitor depends on Rys. The minimum values to maximize
bandwidth without oscillation are as follows:
Reference Amplifier Output Voltage
Frequency Response Compliance
Table 2 R 22 ALL BITS ON
Compensation Capacitor ' : RREF (£Q) = 2K ' 20
('FS = 2mA, Iger = 0.5mA) o 4 Cc = 10pF <«
] E 24
. 12 ! V- = 15V IREF = 0.5mA
Rper (kO c 5 E g .
rer (kQ) c (PP 2 o § ] [v-=-sv
5 LARGE SIGNAL =50% _/] c 1.6 + I
20 100 o _,!mopuLaTion oF 2ma 7 TNYIT | 3
10 50 w FULL SCALE CURRENT | /1| 5 12 IREF = 0.25mA
5 25 et E o T
z SMALL SIGNAL £1% 3 ! !
2 10 © _g| MODULATION OF 2mA 04
1 5 FULL SCALE CURRENT o
. Y I I . . ~14-10-6 -2 2 6 10 14 18
5 0 o1 0.1 1.0 10
OUTPUT VOLTAGE — VOLTS
FREQUENCY - MHz LIC-005 LIC-006
A 0;01uF capacitor is recommended for the fixed reference operation.
Reference Amplifier Biasing
Am6081
IREF — 104
REFERENCE
AMPLIFIER I_,
10,
Rig = RysliR|N
A
ViIN——0 § /
= Lic-007
v-
Reference Configuration Ris Rys RiN Cc IREF
Positive Reference VR+ ov N/C O1uF Vg+/Rys
Negative Reference ov Vg N/C O1uF -Vgp-/Rys
Lo Impedance Bipolar (VR+/R1s) + (Vin/Rin)
Reference VR+ ov Vin (Note 1) (Note 2)
Hi tmpedance Bipolar (VrR+ — VIN)/R15
Reference VA+ Vin Ne (Note 1) (Note 3)
Pulsed Reference (Note 4) Vis ov Vin é‘;‘; (Vei+/Ras) + (Vin/Rin)
Notes: 1. The compensation capacitor is a function of the impedance seen atthe + Vg inputand must be atleast C = 5pF x Ry5(gq) (in k). For
R1s < 8000 no capacitor is necessary.
2. For negative values of V|, VR/Rys must be greater than —V|y Max/Ry so that the amplifier is not tumed off.
3. For positive values of V|y, VR4 must be greater than V| Max so the amplifier is not turned off.
4. For pulsed operation, Vg . provides a DC offset and may be set to zero in some cases. The impedance at pin 15 should be
80042 or less and an additional resistor may be connected from pin 15 to ground to lower the impedance.
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Am6081

CODE SEL I
5K} -
20K 01 "
g AM——] VREF(+) i e : Vout
:;‘5( AmE081 OF AMP o
VREF(-) 10z !
Rig 02
= 07 Do
= . I
. 5K 12
OPTIONAL
(NOTE 1) I
MSB Lss = =
Note: Connect all unused outputs to ground. Lic-o08
CODE [OUT | CON- OUT MSB LsB| I I
CODE FORMAT SEL | SEL |NECTIONS| OUTPUTSCALE (ge) 'n7 pg D5 D4 D3 D2 D1 DO | (mA) |(may| YOUT
a-e Positive full scale X 1 1 1 1 1 1 ]11992) 0 9.960
5 . 0 b-g Positive full scale — LSB X 1 1 1 0 |1984]| O 9.920
Straight binary: one Zero scale X 0 00 0O0O0OTGO0 0] 000 0 1000
polarity with true input
code, true zero output. ce
1 dg
UNIPOLAR T
ag Positive full scale X 0 0 0 0 0 0 0 O |1992 0 9.960
Complementary binary: o b-e Positive fullscale —~LSB | X 0 0 0 0 0 0 0 1 |1884| O | 9920°
one polarity with Zero scale X 1 11 1 1 11 1 0001 O 000
complementary input
code, true zero output. 1 Z’g
Positive full scale’ 1 11 1 1 11 1 1 (19921 .000; 9.960
Signed magnitude binary: Positive full scale — LSB 1 1 w1 1 1 1.1 0 (1984 .000] 9920
8 bits + sign reflected ae (+) Zero scale 1 0 00 0O OO O .000 | .000 .000
code, overlapping of () Zero scale 0 0 0 0 0 0 0 O 0 | 000l .000] .000
true zero output. Negative full scale — LSB| 0 1 1111 1 1.0 .000 | 1.984| —-9.920
SIGNED Negative full scale 0 1 111 1 11 1 .000 | 1.892] —9.960
MAGNITUDE  Gomplomentary signed Positive tull scale 1 0 000 00 0 o0]1992] .000f 9960
magnitude: Positive full scale — LSB 1 c 00 0 0 0O 1 11984 .000 9920
8 bits + sién complementary b-e (+) Zero scale 1 1 11 1 1 11 1 .000 [ .000 .000
reflected code, overlapping d+t (—) Zero scale 0 1 L I D S R A | 1 .000| .000 000
true zero outpl'n Negative full scale - LSB| 0 0 00 0 0 0O 1 .000 | 1.984| —9.920
) Negative fult scale 0 0 00 0 O OO0 O .000 | 1.992| —-9.960
a-e Positive full scale X 1 11 1 1 11 1 [1.992( 000 9.96C
Straight offset binary: 0 b-f Positive full scale — LSB | X 1 11 1t 1 11 0 |1.984| .008/ 9.88C
offset half scale, (+) Zero scale - X 1 0 0 0 0 0 O O |1.000] .992 .04¢
symmetrical about zero, (=) Zero scale X 0 11 1t 1 1 1 1 992 | 1.000| ~—.04C
no true zero output. 1 ce Negative full scale — LSB| X 0 0 0 00 0 0 1 .008 | 1.984| —9.88(
df Negative full scale X 0 00 0 0 0 0 O | .00]1992) -9.96
SYMMETRICAL
OFFSET 1's complement: ae Positive full scale X o 1t 1 1 1 11 1 |1.992( .000 9.96
offset half scale, Y b-t Positive fullscale —LSB } X . 0 1 1 1 1 1 1 0 |1984| .008| 9.98
symmetrical about zero, (+) Zero scale X 0 00 0 0 0 O 0 |1.000| .992 .04
no true zero putput (Note 1) (—) Zero scale X 1 1T 1 1 1 1 1 1 .99211.000| -.04
MSB complemented. 1 c-e Negative full scale — LSB| X 1 00 0 0 00 1 00811984} —9.88
(need inverter at D) af Negative full scale X 1 000 O0 OO O .000]1.992| -9.96
U Positive full scale X 1 1t 1 1 1 1 1 119892 008! 99z
Offset binary: ° ae Positive fullscale —LSB | X 1 1 1 1 1 1 1 0 |1984| 016] 9.84
offset half scale, LU P X 1 00000 0 1 |1008] 992| .06
true zero output 0 : : .
MSB complemented (Note 1) Zero scale X 1 0 0 0 0 0 0 O [1.000]1.000 .0c
remaindor add 1o 1 ce ~LsB X 0 1t 1 1 1 1 1 1 [1892|1008| —-.0¢
OFFSET ' 0: 1 af Negative full scale + LSBf X 0 0 0 0 0 0 0 1 | .008|1.992} ~99:
WITH (nsed inverter at D) Negative full scale X 0 00000 0 0| .000]2000-100
TRUE N Positive full scale X o 1 1 1 1 11 1 ]1992( .008) 9.9
ZERO . . 0 e Positive full scale — LSB X ~0 T 1 1 1 1 1 0 |1984| 016 9.8
2 complement: bt 41188 X 0 000000 11008 982/ o
true zero output Zero scale X ©0 000 00 0 O |100}[1000| O
MSB complemented ce -1LsB X 1 11 1 1 11 1 992 (1.008f -—.0¢
. ) 1 ot Negative full scale + LSB] X 1 0 0 0 0 0 O 1 | .008|1.992] -9.9
Negative fuli scale X 1 0 0 0 0 0 0 O .000 | 2.000{—10.0:

Note 1: An external inverter is necessary since the code select inverts the MSB and adds a 1 LSB balance current to Ig. Only one of the two features
is desired for these codes.

ADDITIONAL CODE MODIFICATIONS

1. Any of the offset binary codes may be complemented by reversing the output terminal pair.
2. The sign on any of the sign-magnitude codes may be changed by reversing the output terminal pair.

3. The polarity of the unipolar codes may be changed by driving t
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Am6081
SYSTEM APPLICATIONS '

Am9080A DATA SYSTEM: SEPARATE UPDATE OF DATA AND STATUS

SELECT OUTPUT PORT 1
. e MVIA,2  : SET STATUS TO 0 (SELECT OUTPUT 1)
o ouT 1 : SEND STATUS
L MOVA,M : GET DATA FROM MEMORY
SELECT ouT o0 : SEND DATA
DECODER q
SELECT OUTPUT PORT 2
0 . DATA BUS
v <r s st > MVIA,3  : SET STATUS TO 1 (SELECT OUTPUT 2)
J i {} ouT 1 : SEND STATUS
Amsosoa o MOVAM  : GET DATA FROM MEMORY
sstem o SESE N | oureur ouT 0 : SEND DATA
C 1
o - Amgoa1 SELECT OUTPUT PORT 2 AND 2's COMPLEMENT CODE
J ourrur2 MVI A, 1 : SET STATUS TO 3 (OUTPUT 2, MSB COMP)
ouT 1 : SEND STATUS
MOV A, M : GET DATA FROM MEMORY

ouTo : SEND DATA LIC-009

Am9080A DATA SYSTEM: SIMULTANEOUS UPDATE OF DATA AND STATUS

AgAss ADDRESS BUS >

Ay Ao

N L

Am9080A CHIP . CODE DgD; OUT o
SYSTEM SELECT oS SEL SEL
DECODER

. Ame081

ow P—d w } OUTPUT 2
+5V -
MOV A,M  : GET DATA IN ACCUMULATOR
ouT o : OUTPUT DATA TO PORT 1, 2S COMPLEMENT
OuT 1 : OUTPUT DATA TO PORT 2, 2'S COMPLEMENT
ouT 2 : OUTPUT DATA TO PORT 1, STRAIGHT BINARY
OouT 3 : OUTPUT DATA TO PORT 2, STRAIGHT BINARY tic-o10

AmS9080A DATA SYSTEM: 8-BIT PLUS SIGN CONVERSION

ADDRESS BUS >

Aghis

CHIP .
SELECT

DECODER

Dg-07

.DATA BUS j'>

0gD; OUT
SEL

Am9080A

coDE
SYSTEM SEL

cs
iw o————— W

Amé081

+5V = ==

MOV A, M

outo
OuT 1

:- LOAD MAGNITUDE (8-BITS)
: SEND POSITIVE CUTPUT

: SEND NEGATIVE OUTPUT

2-15
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SYSTEM APPLICATIONS (Cont.)

Am2900 DATA SYSTEM: MULTIPLE ANALOG OUTPUTS

< ] DATA BUS >
1
[
COMMAND
REGISTER - N
Am25LS374 s \
DACK
’|’°- 1ACK
|—— eop
# PROGRAM WINSTRUCTION 18 .
SEQUENCER DECODER Mux |—— roY
(2) Am2911 . Am29811A Am258151
Te 1o .7 }4 43
7 7
CONTROL STORAGE
{6) Am27511 :
256 x 24 PROM oDy
+
24 &
DE SE Dp'D7 CODE OUT o)
INSTRUCTION PIPELINE — W SEL 5 OUTPUT 1
REGI R 1
E AmE081
) . 10,
= w | w o cs OUTPUT 2
g|=a e E o "
o w S
T o
5 gle . .
N . .
. .
. .
OTHER . . o
CONTROL
. L]
DMARQ,
¢ RQ, Dg-D7 .
RDY) 1 .
L o— I l .
3 .
18 o— DE SE Dg-D; CODE OUT o,
DECODER [O— w SEL SEL __\ OUTPUT 15
o— 0,
Am6081
O — 10,
O s —_ OUTPUT 16
0;

Lic-o1:




Am6081

SYSTEM APPLICATIONS (Cont.)
D/A CONVERSION WITH 12-BIT DYNAMIC RANGE

DIGITAL
INPUT

841 B1g By Bg B Bg Bs By B3 B, By By

WHEN THE UPPER 4 BITS, Dg-Dy4, OF
THE 12-BIT CODE ARE ZERO, THE
LOWER 8 BITS AND THE 1X SCALE

]
[1

ARE SELECTED.

1A 2A 3A 4A 1B 28 3B 4B 1A 2A 3A 4A 1B 28 3B 48
s Am25LS157 s Am25LS157
1c 2¢ 3¢ 4ac 1c 2¢ ac 4c
D7 Dg D5 Dy D3 D2 Dy Do
OUT SEL Am6081
ANALOG
/ ouTPUT
LF3s6
15R
R
1 RANGE INDICATOR

RESULTS ARE ZERO, THE 1X SCALE

LIC-013
A/D CONVERSION WITH AUTO RANGING AND DIFFERENTIAL INPUT
+
VIN-
%m
. 3 1R
1
out AmG081 Am111
SEL
coMpP
D; Dg Ds Ds D3 Dz Dy Dp
RANGE BIT
D7
Dg
Ds
Dy piGiTAL
D3 outPurT
D2
o a l o
Do
cP
R
Q; Qg Qs Q Q3 Q2 0Q; Q
cLock cp 7 oMo s Te T T
START . Ama502 ° HEN THE FIRST FOUR BITS CONVERSION
COMMAND —_D——— START b
cc

B

IS SELECTED AND THE CONVERSION IS
RESTARTED. THE START COMMAND
RESETS THE CONVERSION TO 16X SCALE

LIC-014
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Am6081

SYSTEM APPLICATIONS (Cont.)

ANALOG/DIGITAL TRANSCEIVER WITH HARDWARE
CONTROLLED SUCCESSIVE APPROXIMATION A/D CONVERSION

ANALOG
INPUT LF398
" AgAss ADDRESS BUS X X 3
' +5 . . Ch
Am9080A ADDRESS T Ry
DECODE l . =
LoGIC l—-—— < Am311
CODE OUT  SE .01\
'._ ol SEL  SEL
33 5 comp
Am6081 .
iow ry————_D___o w 10,
. 040, DE 102 - T -
BTN
~ - ANALOG
0¢-D7 DATA BUS SH |— outeuTt
(NEGATIVE)
. i . Ry - ch
. TRI-STATE I
READ 9 BUFFER - . L
iOR jO———| CONTROL = =
LOGIC 7\
—L START
Am2502 D
READY -——04— cc
LIC-015
ANALOG/DIGITAL TRANSCEIVER WITH
SOFTWARE CONTROLLED A/D CONVERSION
ANALOG
INPUT
AgAts ADDRESS BUS X X >
AmO080A ADDRESS
DECODE +8v
LoGIC I R Am3t
CODE OUT  SE |0,
SEL  SEL \
‘_o & 0
- Am6081
ow o————4——O|Ww .
D¢-D7  DE v
LF398
I\ ANALOG
OUTPUT
i o
I°
. READ =
iR CONTROL
LOGIC
- Doy DATA BUS
Lic-016

2
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Am6081

Am9080A SOFTWARE FOR A/D AND D/A CONVERSION USING Am6081

SEQ SOURCE STATEMENT SEQ - SOURGE STATEMENT

0 PORT1 EQU 00H 18 CMA
1 PORT3 EQU 02H 19 CRA A ;SET SIGN FLAG
2 PORT2 EQU 01H 20 JM NEXT ;IF SMALLER GO TO NEXT BIT
3 ORG 3E50H 21 MOV D,E ;SAVE RESULT
4 START: LXI SP,STAKS—16  ;INITIAL STAKS POINTER 22 NEXT: MGV A,B ;GET NEXT TRIAL BIT
5 SAMPLE:  CALL ADCON ;CALL A/D CONVERSATION 23 RAR ;SHIFT RIGHT ONCE
6 CMA : 24 RC : ;RETURN ON CARRY
7 CALL DACON ;CALL D/A CONVERSION 25 MOVBA ;STORE TEST BIT
8 JMP SAMPLE ;NEXT SAMPLE 26 ADD D ;ACCUMULATE RESULT
9 ADCON:  XRAA ~ :CLEAR ACC 27 JMP LOOP ;TRY-NEXT BIT
10 MOV DA ,CLEAR D REG 28 DACON:  OUT PORT 2 ;OUTPUT TO D/A
1 STC ;SET CARRY 29 MVI C,05H ;LOAD C REG WITH TIME
12 RAR JSETBIT7TO 1 30 DCRC ;TIME DELAY
13 MOV B,A ;STORE TEST BIT AT B REGISTER 31 RZ ;RETURN
14 LOOP MOV E,A ;STORE TEST WORD 32 FILT: RET
15 CMA 33 STAKS: DS 16
16 OUT PORT1 ;OUTPUT TO A/D 34 END START
17 IN PORT3 ;INPUT FROM COMP ‘

ADVANCED MICRO DEVICES DATA CONVERSION PRODUCTS

Digital to Analog Converters

AmDAC-08  — 8-Bit High Speed Multiplying D/A Converter.
Am1508/1408 - 8-Bit Multiplying D/A Converter
Am6070 — 8-Bit Companding D/A Converter for Control Systems (u-law)
Am6072 — 8-Bit Companding D/A Converter for Telecommunications (u-law)
Am6080 — 8-Bit High Speed Multiplying D/A Converter System/Microprocessor Compatible
Am6081 — 8-Bit High Speed Multiplying D/A Converter System/Microprocessor Compatible
*Am6689 — 8-Bit, Ultra High Speed D/A Converter (ECL)
*Am6012 — 12-Bit High Speed Multiplying D/A Converter
Analog to Digital Converters , )
*Am6688 — 4-Bit Quantizer (Ultra High Speed A/D Converter)
Successive Approximation Registers
Am2502 — B8-Bit Successive Approximation Registers
Am2503 — 8-Bit Successive Approximation Registers
Am2504 — 12-Bit Successive Approximation Registers
Sample and Hold Amplifiers
LF198/398 —Monolithic Sample and Hold Amplifier
*Am6098 —Precision Sample and Hold Amplifier
Comparators
LM111/311 — Precision Voltage Comparator
LM119/319 — Dual Comparator
Am686 — High Speed Voltage Comparator

High Speed Operational Amplifiers

Am118/318 - High Speed Operational Amplifier
LF155/156/157 — JFET Input Operational Amplifiers
LF355/356/357 —~ JFET Input Operational Amplifiers

« To be announced.
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APPLICATIONS
Instrumentation and Control Signal Processing
Data Acquisition CRT Displays
Data Distribution . Floating Point Analog Processors
Data Transceiver IF Gain Control
Function Generation : . Four Quadrant Multiplexer
Servo Controls 8 x 8 Digital Multiplication
Programmable Power Supplies Line Driver
Digital Zero Scale Calibration
Digital Full Scale Calibration
Digitally Controlled Offset Null ) A/D Converters
Ratiometric ADC
Differential Input ADC
Multiple Input Range ADC
Two.Channel ADC
Microprocessor Controlied ADC
Audio D/A Converters
Music Distribution Single Quadrant Multiplying DAC
Digitally Controlled Gain Two Quadrant Multiplying DAC
Potentiometer Replacement ‘ Four Quadrant Multiplying DAC
Digital Recording Two Channel DAC
Speech Digitizing ) Multiple Output Range DAC

Metallization and Pad Layout

9 8 4
UL

gl
CS 10 ——JiF (roma= h
w1 — AR ! ‘-—1 CODE SEL
- d
ano 12 —g [ = . i
B - 24 V4
H :
_ | — 23 OUTSEL
Be 1 — A% - i:] A 5 Ly
SE 14 ——-‘ i L 22 167
i s L™ =
VREF(+) 15 —— I %-— - L4X2
. ® 17 18 19 20 21
VREF(-) COMP V- 10y 107 102

DIE SIZE: 0.083" X 0.121”
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Am6082

Complete 12-Bit Microprocessor Compatible DAC
' PRELIMINARY DATA ‘

DISTINCTIVE CHARACTERISTICS

e True 12-bit absolute accuracy with no external -
adjustments

Self-contained, no external components required
Internal latches for easy interface to 8-bit buses
Interfaces with 8-bit and 16-bit uPs

Ultra fast data latch eliminates timing problems
High-speed

— 100ns settling time current output

— 500ns settling time voltage output

True 12-bit performance-monotonic with 12-bit DNL
over temperature :

Output ranges: 0to +10V, —5to +5V

FUNCTIONAL DESCRIPTION

The Am6082 is a true monolithic 12-bit digital-to-analog
converter that contains data latches, output op-amp, vol-
tage reference, application resistors, and all trimming
required for 12-bit absolute accuracy with no external
components. The data latches and control circuitry allow
the device to appear as a memory location to a micropro-
cessor or computer system, while high-speed processing
and design give 1/2 LSB voltage settling in less than 1us.

The device is PROM-trimmed for offset, linearity, full-
scale calibration and full-scale tempco at the factory.

BLOCK DIAGRAM
o @ A . S— T
o @ LSB 8 Bias @ v,
{
o @ Wil -
o3 C‘) Ls8
= DAC
o, & ouTPUT
. I OP-AMP
D,
s © e CORRECTION < - Vour *
s @ DAC
o7 @ r) X} fK @R
] - '-1 —f )'ouv
_—l MsB 4 25K
l:nsgn L. L AAA————(®) Florr
—1 |/ ! m . :
o [PROM| REFERENCE VREF.
vsa OFFSET EN ’—@ REF-QUT
. DAC
Ms8 |
|| coagi%non (&) Vaer.in
LNO
- e !
E (o . - “CONTROL ® Rer
— LOGIC
T @—————| REFERENCE @rest
DIGITAL INPUT OP-AMP =
GND @
ANALOG
l ®GND
03590A-1
ORDERING INFORMATION CONNECTION DIAGRAM - Top View
Order Package Temperature g'g::
Number Type Range B
Am6082DM Hermetic DIP -55to +125°C % updwe o LoacpowsRsuY
AME082DC Hermetic DIP 010 70°C o =AW B
' 104 2 22 v NAL {0
Am6082PC Plastic 0to 70°C o 05 217 Vour  DACVOLTAGE GUTRUT
INPUTS. Dy 207 Re FEEDBACK RESISTOR
Ds 19[7] lour DACCURRENT OUTPUT
g 18] Rorr OFFSET RESISTOR
o7 17[] VRerour  VOLTAGE REFERENCE OUTPUT
LATCH ENABLE w 18] ] VAerin DAC VOLTAGE REFERENCE INPUT
CONTROL H 15[ ] ieFin  DACREFERENCE CURRENT INPUT
INTERNAL A MSD/8 LS8 L TEST (GND)
e =k
Note: Pin 1 is marked for orientation. . 03590A-2
03590A-ANA
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Am6082
MAXIMUM RATINGS (Above which useful life may be impaired)

Storage Temperature —65 to +150°C
‘Lead Temperature (Soldering, 60sec) 300°C
Logic Supply Voltage (V| pin) —0.5to0 +6.0V
Analog Positive Supply Voltage (V+ pin) —0.5t0 +16.5V
Analog Negative Supply Voltage (V — pin) +0.5t0 —16.5V
Analog Current Outputs (VouT, VREF-OUT Pins) +25mA
Digital, Status, and Analog Inputs (Dg—Dy, E, U/L, VReF-IN, IREF-IN, lOUT: ROFF, RF pins) +5mA
ELECTRICAL CHARACTERISTICS
(V+ =15V £5%, V= = =15V 5%, V| = 5V £5%, Tp = 0 to +70°C)
Parameters Description Test Conditions Min Typ Max Units
Resolution/Monotonicity 12 12 12 Bits
DNL Differential Nonlinearity Ta = 25°C 1/2 LsSB
NL Nonlinearity Ta = 25°C +0.3 *1 LsB
Zero Scale Error Ta = 25°C 0.3 *1 LSB
Full-Scale Gain Error Ta = 25°C 0.3 +1 LSB
To 1LSB
tis Current Settling Time Output op-amp not used 100 ns
RL = 1000
tvs Voltage Setting Time ;"F L;I;;.Z 10 output op-amp 500 ns
tPHL, tPLH Propagation Delay 35 ns
Reference
VReF Reference Voltage IRer = 0.5mA 25 Volts
AVREF/ATA Temperature Stability 0.08 LsB/°C
AVREF/AVg Line Regulation 0.005 %/ Volt
AVREf/AIRer | Load Regulation 0.5mA =< Alggr < 4mA 0.1% %l/mA
|REF max Current Limit 15 mA
Output Op-Amp
Vos Input Offset Voltage +3 mV
AVog/ATp Vos Tempco .4 nV/°C
Av Voitage Gain 15 Vimv
AV/At Slew Rate 70 Vius
B8W 3dB Bandwidth 13 MHz
Vsw Output Voltage Swing RL = 2KQ +1: Volts
lo Output Current +25 mA
Data Latches
VH Input HIGH Voltage 20 Volts
Vi Input LOW Voltage 0.8 Volts
hH Input HIGH Current ViN =27V +2.0 pA
e Input LOW Curren't VIN = 04V +2.0 pA
tps Data Setup Time 20 ns
toH Data Hold Time 0 ns
tpw Latch Enable Pulse Width 12 ns
tcs Control Setup Time 20 ns




ELECTRICAL CHARACTERISTICS (Cont.)

Am6082

(V+ =15V +5%, V— = —15V £5%, V| = 5V =5%, Tp = 0to +70°C) .

Parameters Description Test Conditions Min Typ Max Units
General Characteristics
I+ Analog Positive Supply Current 4 mA
- Analog Negative Supply Current 20 mA
ILs Logic Supply Current 35 mA
Ppiss Power Dissipation 550 mwW

FUNCTIONAL PIN DESCRIPTION

wE/{f{f;l

DANARY

Do-~D7 Data Inputs Rorr A 2.5K Resistor to lout
LSBs 0 to 7 are loaded into the mtemal latches When connected to VRer.ouT it offsets the out-
through Dg—D7 when U/L = 0. MSBs 8 to 11 are put by half scale.
ines Dg— D L=1.
— loaded by lines Do~ Dg when U/ VREF-oUT An Internally Developed Voltage Reference
W, E Latch Enable Inputs Tempco optimized to compensate for the internal
Active low. DAC.
u/L Controls Loading of Internal Latches VREF-IN DAC Reference Input
A write into the four MSBs is done first, then a . 2.5 volts in scales to 2.0mA output current.
second write of eight LSBs causes all twelve
IREF-IN DAC Current Reference Input
internal latches to be loaded. 0.5mA in scales to 2.0mA output current.
TEST The user should ground this pin, it is used for -
. ANALOG  Analog Signal Ground Reference
programming the DAC at the factory. GND It should not be different from digital ground by
lout DAC Current Output more than =100mV. Up to 3mA flows In this
Clamped to a diode voltage bidirectionally from ground.
analog ground. DIGITAL  Logic Supply Ground
Vour . DAC Voltage Output ] GND
. An internal feedback resistor must be connected v+, V- 13 o 16 volts in magnitude, filtered.
around the op-amp to produce a voltage output. V'
4. . X
Re A 5K Resistor to louT L Should be 4.5 to 5.5 volts.
When connected to Voyt the output voltage var-
ies 0 to 10V.
SWITCHING WAVEFORMS

K ///

tes— tew tes:
WAE \
.
am toH —=]| |- tpy
ltps | tpg =]
DATA BUS STABLE STABLE
INPUTS
s ’Vs —

[ tjg —e={

lout

03590A-3 -
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AmE082

. THEORY OF OPERATION

The Am6082 is composed of two DACs, a MSB DAC with 15
equal value current segments each worth 1/16 of the full scale
current, and an 8-bit binary LSB DAC. The upper 4 bits of data
are routed to a ROM within the MSB DAC, which controls the
number and physical distribution of the segment currents used.
The 4 MSB bits are also used to set up a correction code on a
correction DAC, which injects a compensating current into
louT to minimize output errors. In addition, the LSB DAC is
PROM adjusted to interpolate accurately between adjacent
MSB segment values.

Since an 8-bit data bus is used to transfer 12-bits of code, two
write cycles are required. The four MSBs are written into the
MSB latch using pins Dg— D3 as data inputs when controls U/L,
W and E are all LOW. The eight LSBs are loaded through pins
Do —D7 when U/L is HIGH and both W and E are LOW. The D/A
output starts immediately on the second write.

The output op-amp is specifically designed for fast settling in
the inverting mode. When the Rg feedback resistor is used, the
op-amp functions as a current to voltage converter, converting
the DAC output current to a voltage between 0 and 10V. Rorp
is included to allow a bipolar (—5 to +5V) output.

APPLICATIONS INFORMATION

The Am6082 is a monolithic high speed digital-to-analog con-
verter, with a current settling time of 100ns and a voltage
settling time of under 1us to 0.01% of full scale. It contains
an output op-amp, a precision voltage reference application
resistors, it is trimmed for 12-bit absolute accuracy without
the need for external components and allows easy |nterfacmg
to 8- and 16-bit microprocessors.

Unlike most conventional 12-bit DACs, which are laser trim-
med, the Am6082 is PROM trimmed at the factory for linearity,
voltage offset, full scale tempco and gain. The internal preci-
sion voltage reference and its tempco are also PROM trimmed.
Since gain and offset are factory timmed, no external adjust-
ments are necessary.

REFERENCE INPUTS

An internal voltage reference is provided via the VRer ouT pin.
However, the Am6082 may also use an external voltage or cur-
rent reference through the VRer |N or |REF IN inputs respec-
tively. VRer I is connected to IRgF IN through an internal 5K
resistor. The internal reference is used by connecting VRer
ouT (pin 17) to VREF IN (pin 16) to prov:de a 0.5mA reference
current (see Figure 1).

VOLTAGE OUTPUTS

The Am6082 provides either a voltage or a current output. The
current output may be taken directly from the loyr pin, how-
ever, if a voltage output is desired, the output op-amp is used
with the on chip scale resistors to provide unipolar or bipolar
outputs.

Unipolar Operation is shown in Figure 1a. To operate the
Am6082 in the voltage output range of 0 to 10V, connect the
voltage output of the op-amp Vouyrt (pin 21) to the feedback
resistor Rg (pin 20). The voltage reference output VRer ouT
(pin 17) should be connected to the voltage reference input
VREF IN (pin 16).

In Bipolar Operation, the Am6082 may be operated with a £5V
output by connecting the voltage reference output VRer out
(pin 17) to both the reference voltage input VRgr IN (pin 16)
and to the offset resistor RorF (pin 18). See Figure 1b. Tie
VouT and RF together as before.

GROUNDING CONSIDERATIONS

Special attention should be paid to system grounding because
digital signals can couple into the analog circuits and cause
output errors. The Am6082 provides separate analog and digi-
tal ground pins which should not be connected together at the
chip. As a rule, provide separate ground returns for analog and
digital circuits and connect all grounds together at one point,
preferably at the power supply. This will minimize interference
from ground currents.




Am6082

INTERFACING TWO’S COMPLEMENT NOTATION
The Am6082 will interface with most microprocessors with a The Am6082 may be operated with a two’s complement input
minimum of decoding and timing logic. In most cases, the chip format. This is accomplished by inverting the most significant
enable control E_may be driven from an address decoder and bit, as shown in Figure 3. The exclusive OR of the MSB and
the write control W may be connected directly to a uP memory the U/L contro! will give the correct result.
write or an |/O write pin (see Figure 2). .
‘Figure 1.
a) Unipolar (0 to 10V Output) Operation b) Bipolar (-5 to +5V Output) Operation
2 Vout Gl Vour
A 20 . 20
‘5.‘;v 19 Y5K 19
25K .8 25K 8
v‘v‘ AN
V, Lid Vaer U
16 2.5V 16
5K g 5K
15 o 15
1 N L
03590A-4 03590A-5
Figure 2. Microprocessor Interfacing Figure 3. Two’s Complement Operation
M W 1 A\
21 o Do :
Dg-D7 vout — 2 2
§ 3
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Am6108 »

AmB148

Microprocessor Compatible 8-Bit A/D Converter

DISTINCTIVE CHARACTERISTICS

® 1us conversion time

e Trimmed internal voltage reference

0.1% noniinearity ‘

Ratiometric operation

Low operating voltages

Internal matched gain, reference and offset resistors

Microprocessor compatible

3-state outputs

Pin-programmable unipolar or bipolar two’s complement

conversion

Conversion complete available as interrupt or as

multiplexed output on data bus

® Available in slim, 24-pin, 0.3" and standard, 28-pin,
0.6" packages )

-8-bit, high-speed, analog-to-digital converters. They include

FUNCTIONAL DESCRIPTION
The Am6108 and Am6148 are microprocessor-compatible,

a precision reference, DAC, comparator, SAR, scale resis-
tors, 3-state output buffers and control logic. The Am6108 is
available in a standard .600-inch-wide, 28-pin package, and
the Am6148 is offered in a space-saving, .300-inch-wide,
24-pin package. The Am6108/Am6148 are capable of com-
pleting an 8-bit conversion in under one microsecond and
can handle input voltage ranges of 0 to +10V, 0 to +5V,
and =5V without external components. With appropriate
external resistors, the user can program the device to oper-
ate on other input signal ranges (2 or 3 precision resistors
are required). Full 8-bit monotonic performance with no
missing codes is guaranteed over temperature. Both
devices have 3-state outputs for bus compatibility and
a status output. :

The Am6108/Am6148 are useful in microprocessor-based
systems or can be used in a stand-alone mode. The con- -
version time is short enough to allow most microprocessors
to accept data immediately after requesting a conversion.
Applications include Analog I/O subsystems, process con-
trol and servo-control.

Am6108 EQUIVALENT CIRCUIT

VRer REFIN

2.5V
REF

I [

A GND

I

GAINR

COMPENSATION

2.5k

+comp RN Rore —comp o

CONTROL LOGIC

TRI-STATE
CUTPUT BUFFER

L

TS cCCk S OST R

T

CODESEL Do-Dy

ABI-092
Am6148 EQUIVALENT CIRCUIT
AGND VRer GAIN R COMPENSATION BN RorF —comp
Q .
+
25v 2.5k
REF
CONTROL LOGIC SAR
—oOo v+
THREE-STATE —0
OUTPUT BUFFER v-
;‘V— ——0 D GND
€5 CC Cik R CODESEL 0g-D7 ) ABI-093
03067B-ANA
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Am6108/6148

THEORY OF OPERATION

A conversion cycle in the Am6108/Am6148 begins by taking the
S input low simultaneously with CS low and the CLK input low,
this resets the Successive Approximation Register (SAR). When
Siis returned high, all bits of the SAR are ones with the exception
of the MSB, whichis setto a zero. The outputofthe SARisfedto a
DAC that converts it to a current. The current from the DAC output

is then compared with the current generated by the analog input

voltage. Based on this comparison, the SAR either keeps the
MSB as a zero or resets it to a one before beginning the next
approximation. This process of successive removal and testing
continues until all bits have been tested. At that time the conver-
sion complete, CC, output goes low, and the Am6108/Am6148 is
ready to output the data byte or begin a new conversion.

Read operations in the Am6108/Am6148 are initiated by taking
CS and R both low to enable the 3-state data outputs. On the
Am6108 only, if D/ST is held low, then CC is output at D7 and
Dg—Dy are held disabled. This allows the processor to check
the status of the converter to determine if the conversion is
complete. When CS and R are both held low with D/ST high, the
3-state outputs will not be enabled until CC goes low. When the
3-state outputs are enabled there are two formats for reading
data out of the Am6108/Am6148: two's complement format is
selected by holding CODESEL low during the read, and binary
offset is selected by holding CODESEL high. Figure 1 shows the
complete decoding of the Am6108/Am6148 control lines.

The full-scale output current of the DAC is determined by the
reference current supplied to the GAIN R and/or REF)y inputs of
the Am6108/Am6148. The DAC full-scale output current is four
times the reference current. The GAIN R input is a 2.5K(} series
resistor that will convert the 2.5V internal reference voltage into
a tmA reference current. The REF|p input, on the Am6108 only,
allows the user to provide his own scaling resistor for determin-
ing the reference current.

Once the DAC reference current is set up, the Am6108/Am6148
can be operated with either a unipolar or bipolar input signal.
Two inputs are provided for unipolar operation, the Ryy input has
a 2.5K(} resistor connected between it and the comparator sum-
ming node. The Rofg input s identical to Ry, except the value of
the resistor is 1.25KQ. The Ry input is used alone for a unipolar
input of 0 to +10V and the Rogf input is used alone for 0 to +5V
signals. The bipolar operation of the Am6108/Am6148 requires a
half-scale offset current to be supplied to the comparator sum-
ming node. This can be accomplished by connecting the Rorr
input to the VRgr output, which produces a 2mA offset current to
the comparator summing node. A —5 to +5V input signal can be
applied at Rjn. A third input, + COMP, is connected directly to the
comparator summing node. This allows the user to provide any
external scaling networks desired for the Am6108 operation.
This +COMP is not available on the Am6148.

Figure 1. Am6108/ Am6148 Coritrol Signal Decoding

Signals
CLk {CS | S | R | b/ST*|{ CODESEL | CC Function
X 1 X X X X X Qutputs Three-stated
0 0 ] X X X X Reset SAR
X 0 1 [} 0 X X Read Status (Am&6108 Only)
X 0 1 0 1 X 1 Outputs Three-stated
X 0 1 ] 1 0 0 Read Data (Two's Complement Code)
X 0 1 1] 1 1 1] Read Data (Binary Offset Code)
*Function available on the Am6108 only. X = Don't Care

DEFINITION OF TERMS

Resolution: The number of possible analog input levels an
A/D will resolve. Expressed as the number of output bits, or 1
part in 2" where n is the number of bits.

Monotonicity (Missing Codes): Monotonicity is a property of
the D/A within a successive approximation (S/A) A/D. Each in-
crement in the digital code to the D/A is accompanied by an
analog output that is greater than, or equal to, that of the pro-
ceeding code. Monotonicity of the D/A is a necessary require-
ment for a S/A A/D to have no missing codes.

Differential Nonlinearity: The deviation between the actual
code width of an A/D from the ideal code width. The code width
is defined as the range of analog input value which produces a
given digital output code. An ideal value of a code width is
equivalent to FSR/2", where n is the number of bits.

Linearity: The deviation of each individual code from an ideal
straight line transfer curve between zero and full scale, with the
straight line measured from the middle of each particular code.

Inherent Quantization Error: Quantization Error is a direct
consequence of the resolution of the A/D. All analog voltages
within a given range are represented by a single digital output
code. There is, therefore, an inherent +£1/2LSB conversion
error even for a perfect A/D.

Gain Error: Defined as the difference between the analog
input levels required to produce the first and the last digital out-
put code transitions. Gain error is a measure of the deviation
between the actual gain from the ideal gain of FS-2L.SB.

Unipolar Offset Error: Difference between' the ideal
(+1.LSB) and the actual analog input leve! required to produce
the first digital code transition (00....00 to 00....01) over
the complete temperature range.

Bipolar Offset Error: Difference between the ideal (1/2FSR -
1/2L.SB) and the actual analog input level required to produce
the major carry output digital code transition (from 01.... 11
to 10....00).

Power Supply Sensitivity: A measure of the change in gain
and offset of the A/D resulting from a change in supply voltage.
Usually expressed in total %FS for a percentage change in
supply voltage.

Conversion Time: The measure of how long it takes for the
A/D to arrive at the correct digital output code. It is the time
between the clock edge that starts a conversion after receiving
a start command and the edge of the status line (CC) which
signifies that the conversion is completed.




Am6108/6148

CONNECTION DIAGRAMS
Top Views
D-28-1
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Standard, 0.6" Package . ABI-094
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Slim, 0.3" Package ABI-095

‘Symbol
VREF

GAINR

REFy
(Am6108
Only)

RN

RorF

To
(Am6108
Only)

-COMP

FUNCTIONAL PIN DESCRIPTION

~ Function

"Reference Voltage Output — The output of the
internal, precision 2.5 volt reference.

Reference Input Gain Resistor — A 2.5K() resistor
in series with the positive input of the DAC refer-
ence amplifier. When 2.5 volts is applied to this pin,
a 1.0mA reference current flows to the DAC. This
produces a DAC full scale current of 4mA.

Current Reference Input — This pin is directly con-
nected to the positive input of the DAC reference
amplifier. The DAC full scale output current is four
times the reference current applied to this input.

Analog Input Resistor — A 2.5K() resistor in series
with the summing node at the noninverting input to
the comparator. It converts the analog input vol-
tage to a current for comparison with the current at
the DAC Ig output. When the DAC has a reference
current of 1.0mA, this input can be used alone for a

"0 to +10 volt input range, or in conjunction with the

Rorg input for a —5 to +5 volt range.

Input Offset Resistor — A 1.25K resistor in series
with the summing node at the noninverting input of
the comparator. When this input is connected to
the 2.5 volt reference, a half scale offset current
enters the summing node. This allows a bipolar
input range of —5 to +5 volts at the Ry input. The
RoFF pin may also be used as an analog voltage

input for a 0 to +5 volt range. When RofF is not

used, this pin should be connected to A GND.

DAC Complementary Current Output — This output
should be tied to the digital ground. On the
Am6148, lg is internally connected to digital
ground.

Comparator Inverting Input — Allows the user to

add an offset voltage to null the system or as a
zero reference. It may also be used as a high-

impedance input, normally it is connected to analog )

ground.

+COMP
(Am6108
Only)

COMPEN-
SATION

0l

R

D/ST
(Am6108
Only)

Comparator Noninverting Input — This input allows
the user to add his own external scaling network to
the summing node at the noninverting input of the
comparator.

Reference Amplifier Compensation — An external
capagcitor is connected between this pin and V- to
provide frequency compensation for the DAC re-
ference amplifier.

Chip Select — Enables the Am6108/Am6148 for
read and start conversion operations.

Start Conversion — An active low input which re-
sets the successive approximation register. When
S is taken back high, the Am6108/Am6148 begins
a conversion. ’

Read — An active low input which enables the
3-state outputs and aliows data to be transferred
from the Am6108/Am6148 to the processor.

Data/Status Control — This input_determines
whether the Am6108 outputs data, D/ST = logic 1,
or a status bit, D/ST = |ogic 0, during a read oper-
ation. The status bit which appears at output D7 is
the same as the CC output. During a status read
operation, data -outputs Dg—Dg remain 3-stated.
Status output at D7 is not available on the Am6148.

CODESEL Code Select — A logic 1 on this input enables the

CLK

Do-D7

Am6108/Am6148 to output data in binary offset for-
mat, a logic 0 results in two’s complement format.
Clock — A TTL level clock is used at this input to
produce the internal timing of the Am6108/Am6148
during a conversion.

Conversion Complete — This active low output
indicates the end of a conversion.

' Data Outputs — Eight 3-state outputs which are

used o transfer data from the Am6108/Am6148 to
the processor.




MAXIMUM RATINGS above which useful life may be impaired

Am6108/6148

V+to D GND ~0.3to +7.0V Voltage at GAIN R, REFjy V—toV+
V-=to D GND +0.3 to —7.0V Voltage at R|N, RoFr *12Vv
Max Differential V+ to V— +12V DAC Compliance Voltage . -2to +12V
Digital Inputs to D GND -0.5to +6.0V Operating Temperature Oto +70°C
A GNDto D GND *1V Storage Temperature —65 to +150°C
VRer Max Output Current 15mA Lead Temperature (Soldering 60 sec) 300°C
Max Input Current at REF|y 2mA Minimum Operating Voltage 97V
ELECTRICAL CHARACTERISTICS (These specifications apply for V¥ = +5V = 5%, V™ = —52V = 5%,
VRer connected to GAIN R, 0°C < Tp < 70°C and fcp ock = 500KHz)
Parameters Description Test Conditions Min Typ Max Units
Transfer Characteristics
Resolution 8 8 8 Bits
Monotonicity 8 8 Bits
Differential Nonlinearity +1/4 *1/2 Ls8
_Linearity +1/4 +1/2 LsB
Inherent Quantization Error *1/2 LSB
VN = Oto +5V 1% =4
Unipolar Gain Error LS8
Vina= Oto +10V *1 +2
Unipolar Offset Error *1/2 *1 Ls8
Bipolar Gain Error Vm = —-5Vto +5V *1 +2 LsB
Bipolar Offset Error +3/4 *112 LsB
Positive Power Supply Sensitivity vt =45V 5% 0.02 02 %FS
Negative Power Supply Sensitivity V™ =-52V+5% 0.02 0.2 %FS
Internal Reference
VRer Reference Voltage lger = 1MA 2485 25 2515 Volts
VRer/Ta Reference Voltage Tempco 20 ppm/°C
AVRer/VRer | Load Regulation IREF = 1mA to 5SmA 0.05 0.2 %VREF
AVRer/VRer | Line Regulation Vvt = 45V 5% .0.05 0.2 %VREF
Noise, fn = 10KHz to 1MHz 20 #Vrms
Analog Inputs
Input Resistance
+5V 25 “KQ
0to 10V 25 KQ
0to 5V 1.25 KQ
Input Capacitance
Rin, Rorrs REFiN®, GAIN R 2 pF
ot 20 pF
+COMP* 20 pF
—COMP 2 pF
Digital Inputs
Logic Level Input Voltage
Vin Logic 1 20 Volts
ViL Logic 0 0.8 Volts
Logic Level Input Current
™ Logic 1 ViN = 2.7V 40 kA
e Logic 0 ViN = 0.4V 10 uA

*Function available on the Am6108 only.
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ELECTRICAL CHARACTERISTICS (Cont.)

- Test Conditions

Parameters Description Min Typ Max Units
Digital Outputs
Logic Level Output Voltages
VoH Logic 1 IoH = —400uA 24 Volts
VoL Logic 0 loL = 8mA 0.5 Volts
Isc Output Short Circuit Current —-40 mA
loz Oft-State Output Current
Vo = 24V 20 A
Vg = 04V -20 uA
Power Requirements .
I+ Positive Supply Current 44 60 mA
- Negative Supply Current - -65 -85 mA
Power Dissipation 600 800 mw

SYSTEM TIMING .

Parameters Description Min Typ Max Units
tconv Conversion Time 1 2 us
tcss CSLowto S Low o] ns
tescL CS Low to CLK Low ] ns
tscL S Low to CLK Low - 0 ns
tceH CC High from CLK Low 35 40 ns
tscH S High from CLK High 0 ns
tss S High before CLK High 10 ns
tescH CS High from CLK High 0 } ns
tcoL CC Low from CLK High N 20 30 40 ns
tesAL CS Lowto R Low 0 ns
tRSTV R Low to Status Valid on D7 (Am6108 Only) 15 30 40 ns
tsTov Status to Data Valid on D7 (Am6108 Only) 15 30 40 ns
tccov CC Low to Data Valid 15 30 40 ns
tRoV R Low to Data Valid 15 30 40 ns
tDFRH Data Float from R High 20 30 40 ns
tResH R High to CS High 0 ns
toL CLK Low 50 ns
tcH CLK High 50 ns

System Timing
« T\ A
== ‘,
T2 .
s [e—tscL — {(
'Y Y
R S o
con ——] . J
—
- TR
[=— trcsH
4 .
, j_ﬂ I
D el ol e i
-
G007 sl onn —"\_j% e W ABI-096

*Function availab!

e on the Am6108 only.
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APPLICATIONS INFORMATION

The Am6108/6148 contains all the active components required
to perform a complete A/D conversion. The device is specified
over the complete temperature range and includes the effects
of the on-chip voltage reference.

Figures 2 and 3 show the Am6108/6148 used in unipolar and
bipolar configurations. Gain and offset errors may be trimmed
for optimum performance using external components (discus-
sed later). The maximum offset error, unipolar and bipolar are
specified as =1LSB and +2LSB respectively over the com-
plete temperature range and in many appllcauons would not
require any trimming.

Both Figures 2 and 3 show the Am6108/6148 configured as an
I/0 port. A conversion is started by performing a write opera-
tion to the port address. The IOW line strobes the S input to
start the conversion. Operating with a 10MHz clock, the
Am6108/6148 will complete a conversion within 1usec; there-
fore with many CPUs, a READ operation could occur im-
mediately after starting the conversion and receive valid data.
The Am6108/6148 requires a minimum of nine clock cycles to
complete a conversion, which most microprocessors can meet
fairly easily. However, if the Am6108/6148 is used with a
slower clock, then a circuit similar to Figure 4 may be used to
hold the processor in wait states during the read operation until
the CC output goes low.

The status of the A/D (Am6108 only) can be interrogated via
output D7 when D/ST = logic 0 during a read operation. During
a status read operation data outputs Dg—Dg remain three-
stated. The status output at D7 is not available on the Am6148.

The data from the A/D converter can be read out using a nor-
mal 1/O read operation to the port address. The output code
may be offset binary or two’s complement depending upon the
logical state of CODESEL (logic 1 — offset binary, logic 0 —
two’s complement).

The Am6108/6148 may also be interfaced with a DMA control-
ler for burst mode operation. Figure 5 shows the Am6108/6148
interfaced. with the Am9517A DMA Controller. The DMA mode
of operation begins with a software request for block transfer
by the Am9517A. The Am6108/6148 begins a conversion each
time it receives a request and holds the DMA controller in wait
states until each conversion is complete. This cycle is repeated
until a complete block of data has been transferred to memory.

Unipolar Configuration (Figure 2)

The Am6108/6148 is intended to have a nominal 1/2LSB offset
so that the exact analog input for a given code will be in the
middle of the code. If no trims are used, the Am6108/6148 is
guaranteed to have +1LSB max zero offset error and £2LSB
max gain error (0 to +10V full scale). If the offset trim is not
required Rorf (pin 22 — Am6108, pin 19 — Am6148) should
be connected to analog ground. The two resistors Ry and Rg
and potentiometer R3 are then not needed. If the gain error (full
scale) trim is not required, then resistor Rg should be removed
and the analog input connected to Ry directly. The 100Q full
scale adjust potentiometer R4 is not needed and VRgr out is
connected directly to GAIN R. When a 0 to +5V input range is
required the analog input is connected to RofF instead of Rjy.
Rin should be connected to analog ground in this application.

Unipolar Calibration

Connecting Rofrr to Ry and Ré the initial offset error can be
trimmed by R3. The first A/D transition (0000 0000 to 0000
0001) should occur for an input level of +1/2LSB (19.5mV).

The gain error (full scale) trim is done by applying a signal 1
1/2LSBs below the nominal full scale (9.94 for a 10V input
range). R4 is trimmed to give the last transitions (1111 1110 to
1111 1111).

Bipolar Configuration (Figure 3)

If the offset and gain errors are acceptable, one or both of the
trimmers can be removed plus the 500 resistor R3. The analog
input is applied directly to Ry and VRgF out is connected to
GAIN R and RoFr directly.

Bipolar Calibration

Bipolar calibration is similar to unipolar calibration. First, a sig-
nal +1/2LSB above negative full scale (—4.9805V) for the =5V
input range) is applied to R3 and potentiometer Ry is timmed
to give the first transition (0000 0000 to 0000 0001). Then a
signal 1 1/2LSB below positive full scale (+4.9941V) is applied
and potentiometer Ry trimmed to give the last transition (1111
1110to 1111 1111).

Offset and gain calibration can be more accurately trimmed by
summing a small triangular wave voltage to the analog input
signal, and the digital outputs monitored to determine the
center point of the code transition.

Driving the Am6108/6148

TheAm6108/6148 is a successive approximation type
analog-to-digital converter. During the conversion cycle, the
A/D input current is modulated by the DC test current at the
A/D clock frequency. Thus, it is important to recognize that the
signal source driving the Am6108/6148 must be capable of -
holding a constant output voltage under dynamically-changing
load currents. Many operational amplifiers have closed-loop
output impedance equal to the open-loop output impedance
(usually a few hundred ohms) divided by the loop gain at the
frequency of interest. At high frequencies, where the loop gain
is low, the amplifier output impedance rises to its open-loop
value. The output of the amplifier may return to its nominal
voltage before the converter makes a comparison, so that little
or no error is introduced. However, many precision ampli-
fiers have limited bandwidth, which recover very slowly from
output transients. The use of wide-band amplifiers is recom-
mended plus a unity-gain buffer included inside the amplifier's
feedback loop.

Supplying Decoupling and Layout Considerations

The Am6108/6148 is built using a very high frequency bipolar
process, it is very important that the power supplies be filtered,
well regulated and free from high frequency noise. Switching
power supplies are not recommended because of the switching
spikes present. Decoupling of the supplies with 10uF tantalumin
parallel with 0.1uF disc ceramic type capacitors is recom-
mended. If the supplies are still noisy then further filtering can be
achieved by inserting low value series resistors (metal film) be-
tween the supplies and the decoupling capacitors.

Circuit layout should attempt to keep analog circuitry of the
Am6108/6148 and associated components as:far away from
logic interconnections as possible. The analog ground (A GND)
is the ground point for the internal reference, D/A converter and
comparator and should be a “high quality” ground. In most
cases, the A. GND and D. GND can be connected together at
the package, but in some situations, the D. GND can be con-
nected to the most convenient ground, and the A. GND to the
analog power return.
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Figure 2. Am6108/Am6148 Unipolar Configuration
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*Function available on the Am6108 only. **See application information. AB1-098
Figure 3. Am6108/Am6148 Bipolar Configuration
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Figure 4. Am6108/Am6148 CC to Microprocessor RDY Interface
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Figure 5. Am6108/Am6148 DMA Configuration
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. ORDERING INFORMATION
Order the part number according to the table below to obtain the desired package, and screening level.
Package Type Operating Range Screening Level
Order Number (Note 1) (Note 2) (Note 3)
Am6108DC D-28-1 o] C-1
Am6148DC D-24-SLIM C ) . C4

Notes: 1. D = Hermetic DIP. Number following letter is number of leads.
2. C=0to +70°C.
3. Level C-1 conforms to MIL-STD-883, Class C.
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INTRODUCTION

The Am6108/6148 is a completely monolithic, high-speed,
microprocessor-compatible analog-to-digital converter (ADC)
that converts analog input signals into 8-bit digital output code
in less than 1 microsecond. The digital output code is selected
by the user as either 2's complement or offset binary. Due to
the high-speed conversion, “WAIT" states are no longer
necessary for most microprocessor based data conversion/
acquisition systems or instrumentation.

The Am6108 consists of an 8-bit digital-to-analog converter
(DAC), a high-speed comparator, a successive approximation
register (SAR), a 2.5V reference and control logic. The 2.5V
reference is implemented utilizing the bandgap voltage of siti-

Am6108/6148 Application Note

con. The digital outputs are three-state buffers with standard
TTL levels for logic 1 and logic 0. This allows the user to con-
veniently interface with the microprocessor data bus.

Internal scaling resistors enable the Am6108 to handle input
signal ranges of 0 to +5V, =5V and 0 to +10V with the device
operating at +5V and —5.2V.

The Am6108 uses linear differential logic (LDL) to implement
the switching functions. LDL is a non-saturating form of log-
ic similar to emitter coupled logic (ECL), however, it offers
higher performance with improved density since the logic cell is
smaller. Compared to the ECL, LDL speed-power product is
significantly lower. Level translators are used to achieve TTL:
level compatibility at digital inputs and outputs.

Am6108
A GND VReF GAIN R REFN COMPENSATION +comp RN Rorr _comwp o
o o
T T | % 2.5k 2 1.25k0)
+ lo ‘ +
2.5V 2.5k() €7
REF Dac _ -~ *
1 | L : g
CONTROL LOGIC SAR
i , /F ——0 V+
THREE-STATE [
OUTPUT BUFFER v-
)‘( ————0 D GND
CS TC CLK § D/ST R CODESEL Dg-D7 03748A-1
Figure 1a.
Amé6148
A GND VREF GAIN R COMPENSATION Rin RorF

2.5V 2.5k02

% 2.5k % 1.25k0
+

AN
REF " bac ’ EIZ
1 [ L ) | =)

CONTROL LOGIC SAR
I ,l/ —_—0 v+
THREE-STATE — v
QUTPUT BUFFER .
«l’ ———0 D GND
' T8 Tt ck 5§ & CODESEL Dg-D7 03748A-2
Figure 1b.
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DEVICE PERFORMANCE TABLE 1. Am6108/6148 FUNCTION TRUTH TABLE

The Am6108 belongs to a class of converters known as the Control Logic Input Signals Function
“successive approximation” type of ADCs. The successive ap-

proximation method offers a wide range of speed (conversion CLK|CS| S | R |CC| D/ST* | CODESEL :

time down to less than 1 microsecond) and resolutions of up to X [ x ]| X x| X X Outputs High Impedance
16 bits, and because it makes possible more cost-effective de- g g ? ; ; i i gz:s;rss?; Cycle

signs it has become the most popular A-D conversion x loli1]|ol | X Outputs High Impedance
technlque X |o|l1]o]|o | [e] 2's Complement Output
Am6108/6148 OPERATION 1ei1stel o x| SftsetBinary Output
Figure 1(a) shows the block diagram of the Am6108 and 1(b) of - *Am6108 Only

the Am6148. When the Chip Select (CS) and Start (S) inputs

are LOW, the first negative going transition of the clock resets

the SAR (S in the timing diagram of Figure 2). During Sg the

Conversion Complete (CC) status line goes HIGH to indicate a Table 1 illustrates the truth table associated with the control
conversion cycle, however, in order to start the active part of logic inputs. The READ STATUS function allows the CC to be

the conversion cycle, the S line must be taken HIGH. examined via the D7 line while the other seven data bits are in
At Sy, the output of the DAC is compared with the analog input the high-impedance state. When D7 is HIGH, the Am6108 is in

to determine the status of Dy (MSB). If the DAC output is great- the conversion cycle; a LOW means that data can be transfer-
er, the comparator output will switch and the result will be red or another conversion cycle can be started. The READ
_ stored in the SAR as a logic “0” during S». Otherwise, the STATUS function on the Am6108 is established by the D/ST
comparison will result in a logic “1” stored in the SAR. As line going LOW during a READ cycle.
shown in F'igure 2, Dg statgs is also determined during Sz. This After the conversion cycle, data may be read out of the SAR.
sequence is done successively from D7 (MSB) to Do (LSB). Figure 3 shows the timing diagram of the Am6108 read cycle.
During Sg, the CC status line goes low to indicate that the con- CS, R, D/ST, and CODESEL are gated internally to control -
version is completed and that the digital code representing the both the data output and selection of desired binary output
analog input is stored in the SAR. The Am6108/6148 conver- code (2's complement or offset binary). For example, to ob-
sion time takes nine clock periods; with a 10MHz clock, this tain the 8-bit data in 2's complement form, the following control
means a 900-nanosecond conversion time. Data lines Do— D7 line conditions must be satisfied: CS = LOW, S = HIGH,
are in the high-impedance state while the Am6108/6148 is R = LOW, CC = LOW, D/ST = HIGH (Am6108 only,) and
doing a conversion. CODESEL = LOW.

ol

« /) - \__
XCOMPAREX:OMPARXCOMPAHEXOMPATXCOMPAREXCOMPA xi)MpAnEXcompAREX w
Ui n e e € e XF

03748A-3

Figure 2. Am6108/6148 Conversion Cycle.
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Figure 3. Am6108 Read Cycle.

DAC

The DAC part of the Am6108/6148 is comprised of a reference
amplifier, binary weighted current sources and current
switches. The binary weighted current sources are im-
plemented using the combination of R-2R resistor scaling. This
technique, coupled with the use of diffused resistors, provides
better than 8-bit accuracy without any trimming.

The reference amplifier and a reference transistor form a reg-
ulator circuit that sets the bias voltage at the bases of the cur-
rent source transitors. The collector current of the reference
transistor is established as VRgg/2.5KQ (= 1mA).

The current switches, driven by LDL logic signals from the
SAR, use current steering logic in the collector of the current
source transistors, to switch the bit currents. This technique
and the efficient high-speed switching, reduces the settling time
of the DAC. .

All the ‘current sources are operated at the same emitter cur-
rent density. To achieve this, the emitter areas are scaled. That
is, the MSB current source actually has eight base-emitter
junctions with a common collector but each emitter is termi-
nated with a single resistor (R/8) to the negative supply vol-
tage. Since the bit current sources have equal emitter current
densities, they all have the same Vgg and are matched closely
with the Vgg of the reference transistor. This structure reduces
the settling time of the DAC and minimized the glitching as-
sociated with major carries. The changes in the magnitude of
the bit current sources due to the variations of hpg and Vgg,
exhibit excellent tracking over temperature, so that the transfer
function of the ADC has no missing codes over the operating
temperature range. .

COMPARATOR

The essential requirements for a good comparator are low
input offset voltage (Vog) for good resolution, fast response,
low temperature coefficient of Vog and high input impedance.
In a linear integrated circuit this is not easily achieved due to
the design trade-offs of the parameters mentioned.

The comparator section has basically three stages. The first is
a differential input gain stage buffered by emitter followers. The
second stage is a cross-coupled latch followed by another gain
stage that also sets the proper voltage levels for driving the
LDL circuits. Each gain stage of the comparator is biased at a
current proportional to temperature, giving a resolution con-
stant with respect to temperature variations. The voltage swing
at the output of the comparator is only 200mV. This low-output
voltage swing reduces the comparator's overall gain require-
ment for the required 8-bit resolution. Along with low-offset
voltage and low-bias currents, the response time of the com-
parator is less than 3ns for a 20mV (1/2LSB with 10V full-scale)
overdrive. Even with a 5mV overdrive the response time is still
typically 5ns.

During the conversion cycle, the function of the latch is to hold
the comparator output stable independent of the analog input.
The clock’s positive transition enables the latch and transfers
current from the input gain stage to the latch stage. The output
stage responds with HIGH or LOW level, signifying the result of
the comparison between analog input and DAC output. It is
important that this result be stable during the process of storing
it in the SAR. Among the advantages of comparator operation
in the current-switch mode are; speed (transistors are in non-
saturated operation), relaxation of common mode rejection re-
quirements and better temperature tracking. :

VOLTAGE REFERENCE

The voltage reference used in the Am6108/6148 utilizes an im-
proved version of the basic bandgap reference. At wafer sort,

_resistor trimming is done by selectively blowing metal link fuses

to achieve a final voltage value of =15mV over temperature.

Load regulation is 0.2% of VRgr for loads from 1 to 5mA. Line
regulation is also 0.2% for positive supply voltage change’
of £5%.

Am6108/6148 IN SYSTEM ENVIRONMENT

Since the advent of microprocessor technology, the design of
monolithic data converters (ADC or DAC) has been greatly in-
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fluenced by their ability to be interfaced easily with as many
different microprocessors as possible. In some applications,
the conversion speed of the data converters must adapt to the
speed of the microprocessor, or, in other words, the micro-
processor cannot afford to “WAIT” for the data conversion to
" be done. Therefore, the data conversion time must be less than
the microprocessor instruction cycle time to avoid WAIT states.
This has made more efficient use of microprocessor time pos-
sible and pushed the state-of-the-art in the monolithic design of
data conversion ICs. For example, if an Am8085A-2 is used as
the CPU operating at 4MHz with an ADC that has a conversion
time of 5 microseconds as an /O device, several WAIT states
will be needed since valid data from the ADC will not be availa-
ble during the time a valid RD command is generated by the
CPU. There are at least three possible actions to solve this
problem. 1) make a faster ADC (pushing the state-of-the-art) 2)
slow the CPU clock 3) introduce WAIT states to the micro-
processor. ltems two and three have basically the same effect
of decreasing the throughput rate. The option chosen is deter-
mined by the processing speed required. Thug, a trade-off is
made between the introduction of WAIT states (to accommo-
date the ADC conversion time) and the CPU clock rate. Refer
to Figures 5 and 6 to see how the Am6108/6148 works in a

microprocessor based system. The CPU clock is synchronized
with the 10MHz ADC clock.

Am6108/6148 with Am8085A-2 (f. = 4MHz;
See Figures 5 and 6)

The control signal ALE is inverted and gated with the decoded
port address assigned to the Am6108/6148. With ALE LOW
(active,) the first negative clock transition resets the SAR and
sets CC HIGH to indicate the beginning of a conversion cycle.
However, the Am6108/6148 does not start the conversion until
after ALE has gone high. A valid digital code is not available
until sometime during Sg. At this time CC goes low to indicate a
conversion cycle being completed.

For the AmB085A-2 to read the valid digital code, it must wait
for the conversion cycle to be completed. Thus, CC is tied di-
rectly to the READY line to introduce WAIT states to the mi-
crocessor. This extends the RD signal and enables the mi-
croprocessor to read valid digital codes only from the
Am6108/6148. RD and CC are gated to latch the data from the
Am6108/6148 to ensure that only valid data from the ADC is
put on the bus.

READY

DATA BUS 3

i

10MHz
CLK

_Do— LE Am74LS373 OE JO——m

I_ CLK

g

AmB108/
AmG148

cc

Do-D7

—o1 8l

ADDRESS
DECODE
LOGIC

i

q : ADDRESS BUS d

03748A-5

Figure 5. Am6108/6148 Interfaced with Am8085A-2 Control Signals.
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Figure 6. Am6108/6148 Conversion Cycle with 4MHz. Am8085A-2
(with Wait States TW4, TW2, TW3).

Am6108/6148 with Am8085A-2 (f, = 2MHz;
See Figures 6 and 7)

At 2MHz, the Am6108/6148 still runs at maximum clock fre-
quency to fully exploit the high coversion rate of the device.

Figures 6 and 7 show that both the conversion cycle and the
microprocessor reading of the ADC's data take 1.5 micro-
second. In Figure 6 the CPU has a clock rate of 4MHz and, as
a consequence, WAIT states must be introduced. In Figure 7
the CPU clock rate is reduced to 2MHz and no WAIT states are
introduced. The main difference between the two schemes is
the CPU processing speed.

The Am6108/6148 can convert and transfer data to the micro-
processor with only an I/O READ command. In 8080/8085
mnemonics, only the IN command is needed. The following
sequence, which could be part of a main program, shows a
way of accessing the Am6108/6148 and then storing the data
in memory:

LDXI Hxxxx ;Load register pair H and
;L with HEX.
;Value specified by xxxx.
IN Port ;Load accumulator with
;Am6108/6148 data.
MOV (HL),A ;Move contents of

;accumulator to memory
;address pointed to by contents
;of registers H and L.
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In some applications, such as a sampled-data system, it
might be required to obtain as much data as possible within
1 millisecond.

Focusing on the ways of implementing a solution, one method
is CPU controlled transfer. The sequence of instructions above
can be used, then a means of incrementing the contents of H
and L registers is provided so that data is stored in.contiguous
memory locations. If the CPU is running at 4MHz, it will be able
to store a maximum of n bytes.

1x10-3 sec bytes\

= = 129 byt
MMax = 11317+ 6 + 5) 250 x 10-9 sec oytes
When the CPU clock is reduced to 2MHz,
1x10-3 sec
NMax = = 71 bytes

(10 + 7 + 6 + 5) 500 x 10-9 sec

Notice that the difference between the denominators is due to
the three WAIT states and the clock period.

Another approach is a hardware implementation using the
Am9517A multimode direct memory access (DMA) controller.
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Figure 7. Conversion Cycle with Reduced CPU Clock (without Wait States).

Am9517A Multimode DMA Controller — A Brief Description

DMA is a means of transferring data between peripheral de-
vices and system memory at a much faster rate than CPU-
controlled data transfer. During data transfer, the CPU is basi-
cally disabled, which means that the DMA controller has to
provide all the signals to controt the process.

The Am9517A has four channels (DREQg—DREQ3) from
which four peripheral devices may request service. Each chan-
nel has four 16-bit registers (base and current address and

base and current word count) and a mode register accessible

via address lines Ag—Agz. The base registers allow the chan-
nels to be automatically reinitialized at the end of a transfer.
Auto initialization is selected by programming the mode regis-
ter. Other internal registers are programmed to set the desired
operations and options.

Each of the four channels has four modes of operation selected
via the mode register. Two of these are the single transfer
mode and the block transfer mode. In the single transfer mode
a word is transferred for each DMA channel request. Block
transfer allows the Am9517A to make continuous transfer until
the word count for the active channel goes to zero.

*Z8002 is a trademark of Zilog, Inc.
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Am6108/6148 with Z8002* (16-Bit Microprocessor)
and Am9517A (DMA)

Figure 9 shows a method of interfacing the Am9517A and the
Am6108/6148 to an Z8002 based system. Figure 10 corres-
ponds to the timing diagram diagram during a DMA transfer.

The Am9517A is in the idle state (Sy) until a valid DREQ is
recognized. During this time, the Am9517A may be initialized.
The DACK and DREQ lines may be determined to be active
HIGH or active LOW by programming the command register.
When an active DREQ line is sensed, the Am9517A generates
an active HREQ (BUSRQ) to signal the Z8002 that it wants to
control the bus (address, data and control). The Z8002 re-
sponds with an active BUSAK (HACK), relinquishing the control
of the bus to the Am9517A. Once the bus is under the control
of Am9517A, DMA transfer may proceed as defined by the
internal registers. '

As shown in Figure 9, DMA request is generated by hardware,
although it can also be done by software. Active RESET and
EOP force the DREQg input to go LOW, and CHp and XFER
initiates a DMA request by setting DREQg HIGH.
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Figure 9. Am6108/6148 under DMA Control.

Figure 10 basically shows the hardware used to make the DMA
transfer possible. DACKj, the response to an active DREQy, is-
used to select the Am6108/6148 and enables the output data
latch. MEMW is inverted to latch the data from the Am6108/
6148. DACKp is_NAND-gated with IOR to start the conversion
cycle, and the CC line is AND-gated with DACKg and con-
nected to the Am9517A READY input to introduce a WAIT
state (SW).

The data transfer rate is 1/1.6us = 625kHz. Going back to the
problem of obtaining as much data as possible in 1msec.,

1x10-3sec
NMax = ——————— = 625 bytes
1.6 x 10-6 sec

As the number of bytes required is increased, the method of
using DMA transfer becomes even more attractive.

Am6108/6148 with AmZ8002 (16-BituP) and 280 (8-BituP)

Block transfers may be accomplished without the benefit of
a DMA controller by the use of either the Z8002 or the
Z80. These two microprocessors are attractive because their
instruction sets allow the control of block transfers by a
single instruction after the inialization of some. of the micropro-
cessor internal resisters. These registers are equivalent to the
address count and word count registers of the Am9517A DMA
controller.

*Z80 is a trademark of Zilog, Inc.
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A way of interfacing with the Z80* is illustrated in Figure 12.
IORQ and the Am6108/6148 CS lines are gated together to
form the signal that starts a conversion cycle. The conversion
cycle is initiated when the Am6108/6148 is selected (CS LOW)
during T4 (first clock period) of the 1/O cycle. The data latch
(Am74LS373) output is enabled only when both CS and IORQ
are active. Data from Am6108/6148 is latched at the end of the
conversion cycle (CC LOW) when all 8-bits are valid.

Block transfer may be accomplished using the following in-
structions. The x represents an 8-bit number.

LD B,x ;Load reg B with number of bytes(up to
;256) to be transferred.

LD Cx ;Load reg C with the 8-bit port

. ;address of Am6108.

LD HL,xx ;Load reg pair H and L with starting
;address where block of data is to
;be stored.

INIR ;Transfer x bytes of data (specified

;by contents of B-reg) from Am6108
;into memory starting at location
;specified by contents of H and L reg.

If the Z80 is running at 4MHz the throughput rate for the block
transfer (excluding the register initializations) is
1

ma‘)‘ 166.6kHz
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Figure 10. DMA Transfer Timing Diagram (Wait State SWis Inserted by Am6108/6148 CClLine).

Data Transfer Rate = 625kHz.

Three additional “WAIT" states are added during the I/O cycle
as a result of tying the inverted CC line to the WAIT input line
of the Z80. This is shown in the timing diagram of Figure 13.

Interfacing with the Z8002 is somewhat more involved. If we
assume that the RAM section is organized such that both
byte-oriented and word-oriented transactions are accomo-
dated, interfacing the Am6108/6148 with the Z8002 might be
accomplished as shown in Figure 14. Data from Am6108/6148
is steered into either the odd-address or even-address section
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of the RAM by the least significant bit (Ag). This allows for
storing the 8-bit data in contiguous memory locations. Decod-
ing of the status lines STp—ST3 is done only once and the
outputs are then available to all the other system elements.

As shown in Figure 15, the conversion cycle starts during state
T4 of the I/O cycle. The decoding of ‘status lines STo—ST3
produce the status signal IOR. AS latches the valid port ad-
dress assigned to select the 6108 and also issues the start



command. Like the Z80, three additional WAIT states are in-
serted by connecting the inverted CC line to the WAIT input
line. Programming the Z8002 to do a block transfer is similar to
that of the Z80, shown below.

LD Ryxx ;Load reg R7 with no. of bytes (up to 64K)
;to be stored into RAM.

LD Re.yy ;Load reg Rg with starting address.
;where data is to be stored.

LD Rs,port  ;Load reg Rs with address assigned
;to Am6108/6148.

INIRB Rs,Re,R7 ;Store xx bytes of data from Am6108 and

;store it starting at memory location yy.
where xx and yy represent 16-bit numbers

Disregarding the register initalizations, the throughput rate
(which includes the three extra “WAIT"” states in the 1/O cycle),
is shown below.

1

—_— 7.
13 (250 x 10-9) sec 807.6kHz

The two methods of CPU-controlled block transfer are tabu-
lated with the other methods of acquiring data from the

Am6108/6148 Application Note

TABLE 2. SAMPLED-DATA SYSTEM THROUGHPUT

WITH Am6108/6148
Throughput Rate
Data Transfer Method (Max)
AmB085A-2 at 4MHz
3 “Wait” States Introduced 129kHz
CPU Controlied A BOQSA CPrETYm
mi -< al r4
No “Wait" States 71.4kHz
Am9517A at 2.5MHz
DMA 1 “Wait" State 625kHz
280 at4MHz
$80 B:OCk INIR Instruction Used 166.6kHz
ranster 3 Extra "Wait” States
CPU at 4MHz
’;“ng’,"z . INIRB Instruction Used 307.6kHz
ock Transter 3 Extra “Wait” States

Am6108/6148. The 280-controlled biock transfer is limited to a
maximum of 256 bytes per issue; the Z8002 is capable of
handling groups of up to 64K bytes (Table 2). '
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ﬁ

Am74LS373

ioRG ‘\l ¥
WATT o<}
10MHz2
CLK
l cc
CLK  Amé10s/
! Amb6148
RD of RD Dy-D; |

L—DO_ZD—~O§

P

T
yopevices | | ADDRESS
ADDRESS DECODE
DECODER : LogIC
<
: P
9 X ADDRESS BUS }

D3748A-10

Figure 12. Am6108/6148 Interfacing with Z80.

2-43




Am6108/6148 Application Note

Am6108
CLK

280
CLK

g i i i an U el 3

L—?SOns ——]

Ag-A7

>ﬁ

PORT ADDRESS

IORQ

¥

03748A-11

Figure 13. Am6108/6148 Conversion Cycle During Z80 1/0 Cycle.
(TW* is Automatically Inserted by CPU).
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Figure 14. Am6108/6148 Interfacing with AmZ8002 (16-Bit CPU).
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Figure 15. Am6108/6148 Conversion Cycle During AmZ8002 /0O Cycle.
(TWA is Automatically Inserted by the CPU).
Error Budget with Sample and Hold
For time-varying. analog input signals, and becauss the analog dVin _ eVIN(FS)
input must not change more than 1/2LSB while the conversion dt ta
is going on, a sample (track) and hold (S/H) circuit may be
needed at the ADC input. For example, if an ADC has relatively where ta is the S/H aperture time and e is the allowable error. If
short conversion time of 1.0us and is required to convert a the error is to be held as 1/4 LSB and t, is 5ns, then for a 5V
voltage signal that has a maximum change of 1V/us, the input full-scale range
signal . will change by 1.0V during the conversion cycle. One V, (FS) 5v
requirement for accurate 8-bit conversion is that the input sig- (1/4) INT2) (14) —
nal should not change by more than 19.5mV during the con- dvﬂ = ‘= 2 = 0.976V/ms
version cycle, assuming an input signal range of 0 to 5V. dt tA 5x 10—9sec
A sample-hold circuit shoutd only be used when necessary as it The aperture time for an ADC is its conversion time. Therefore,
can introduce errors which tend to degrade the performance of the Am6108/6148 has an aperture time equal to 900ns. If we
the ADC. . substitute this value to the equation above, we find that dV|n/
There is a maximum rate at which an input voltage signal to the dt = 5.3mV/us for a 5V full scale range and 1/4 LSB digitizing
S/H circuit can change. This limitation is related to the aperture error. This means that if the analog input signal to be converted
time of the S/H and the amount of error to be tolerated in the has a maximum change of 5.3mV/us, a S/H circuit is not
digitizing process. This is expressed as needed. This is one of the advantages of a high-speed ADC.
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Microprocessor Compatible 12-Bit A/D Converter
PRELIMINARY DATA -

DISTINCTIVE CHARACTERISTICS

® First totally monolithic, high-speed 12-bit ADC

® 3us typical conversion time

Internal precision voltage reference

No missing codes

Easy interfacing with 8- and 16-bit microprocessors
Internal command register for programmable modes
of operation

e Offset binary or two’s complement output code

e 0to 10V, or = 5V input range ’

® 24-pin package

FUNCTIONAL DESCRIPTION

The Am6112 is the first fully monolithic microprocessor
compatible 12-bit high-speed analog-to-digital converter.
The Am6112 high-speed A/D contains a precision refer-
ence, DAC, comparator, SAR, scale resistors, output
three-state buffers and comprehensive control logic,
enabling the device to be interfaced with a variety of
microprocessors. The Am6112 is capable of completing a
12-bit conversion in typically three microseconds and can
handle input voltage ranges of 0 to 10V, and +5V without
external components.

The Am6112 has four modes of microprocessor operation,
and a stand-alone mode. These modes are software pro-
grammable, except for the stand-alone mode which is pin
selectable. Applications include analog 1/0O subsystems,
servo-control and high-speed digital signal processing of
analog events.

Am6112 EQUIVALENT CIRCUIT
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ACKNOWLEDGE

03-07
01910B-1

ORDERING INFORMATION

Order the part number according to the table below to
obtain the desired package, temperature range, and
screening level.

Order Package Temperature
Number " Type Range
AM6112DC Hermetic DIP 0to +70°C
AM6112XC Dice 0 to +70°C
AM6112DM Hermetic DIP —5510 +125°C

CONNECTION DIAGRAM — Top View
D-2441

01910B-2

Note: Pin 1 is marked for orientation.

01910B-ANA
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MAXIMUM RATINGS above which useful life may be impaired

Am6112

V+toD GND -0.3t0 +7.0V Voltage at Ry, Rorr *12v
V-toDGND +0.3to -7.0V Open Collector Current 20mA
Max Differential V+ to V— +12V Operating Temperature Oto +70°C
Digital Inputs to D GND —-0.5t0 +6.0V Storage Temperature. —65to +150°C .
AGNDto DGND +1V Lead Temperature (Soldering 60 sec) 300°C
VRer Max Output Current 15mA Minimum Operating Voltage 97V
Max Input Current at REF)y 2mA Max Package Dissipation 1w
Voltage at GAIN R, REF |y V-toV+

ELECTRICAL CHARACTERISTICS (These specifications apply for Vt = +5V + 5%, V™ = —5.2V * 5%,
VREF connected per connection diagram, Ta = 25°C, Fglock = 150kHz, 0 to +10V input range, RofFg open,

stand-alone mode, unless otherwise stated)

Parameters Description Test Conditions Min Typ
Transfer Characteristics )
Resolution 12 Bits
Monotonicity Y - Bits
Differential Nonlinearity LS8
Linearity” LsB
Inherent Quantization Error *1/2 LsB
Unipolar Gain Error *2 LSB
Unipolar Offset Error =1/2 LSB
Bipolar Gain Effor.. - =4 LsSB
BipotarOffset Erro +2 LSB
i Sen V¥ = +5V 5% 0.005 %FS
Power Supply Sensitivity V7= -52Vx5% 0.005 %FS
Internal Reference:
VREF Reference Voltage IREF = TMA 2.490 2.5 2,510 Volts
VRer/Ta Reference Voltage Tempco 8 ppm/°C
AVRer/VRer | Load Regulation IREF = 1mA to 5mA 0.005 %VRER
AVper/Vaer | Line Regulation Y;; Toy = 5% 0.005 %VREF
Noise, N = 10kHz to IMHz 1VRMS
Analog Inputs
Input Resistance
RiN £5V 25 KQ
Oto 10V 25 KQ
i Input Capacitance
Rins Rorr, REFiN, GAINR 2 pF
Digital Inputs
Logic Level Input Voltage
Vi Logic 1 2.0 Volts
ViL Logic0 08 Volts
Logic Level Input Current
IH Logic 1 ViN=27V 40 nA
i Logic0 ViN = 0.4V 10 nA




Am6112 '
ELECTRICAL CHARACTERISTICS (Cont.)

Parameters Description Test Conditions Min Typ Max Units
Digital Outputs
Logic Level Qutput Voltages
VoH Logic 1 IoH = —400uA 24 Volts
Vor Logic0 loL = 8mA 0.5 Volts
lsc Output Short Circuit Current -40 mA
loz Off-State Output Current
Vo =24V 20 pA
Vo = 0.4V -20 uA
Power Requirements
1t Positive Supply Current 40 80 mA
- Negative Supply Current —60 -80 mA
Power Dissipation 500 mwW
SYSTEM TIMING
Parameters Description Units
tcony. S:;:egz?r(\;gg; gopp connected to Agnp or s
Rorr Open (Unipolar) us
toL CLK Low 125 ns
ton CLK High 125 ns

DEFINITION:OF.TERM

Resolutio
will resolve.

‘*a og inputlevels an A/D
ed a?s,either the number of output bits, or 1
is the number of bits.

Monotonicity (Missing Codes): Monotonicity is a property of
the DAC within a successive approximation ADC. Each incre-
mentin the digital code to the DAC is accompanied by an analog
output thatis greater than or equal to that of the proceeding code.

Monotonicity of the DAC is a necessary requirement for a suc-,

cessive approximation ADC to have no missing codes.

Differential Nonlinearity: The deviation between the actual
code width of an A/D from the ideal code width. The code width is
defined as the range of analog input which produces a given
‘digital output code. An ideal value of a code width is equivalent to
FSR/2n, where in is the number of bits.

Linearity: The deviation of each individual code from an ideal
straight line transfer curve between zero and full scale, with the
- straight line measured from the middle of each particular code.

Inherent Quantization Error: Quantization Error is a direct
consequence of the resolution of the A/D. All analog voltages
within a given range are represented by a single digital output
code. There s, therefore, aninherent +1/2 LL.SB conversion error
even for a perfect A/D.

Gain Error: Defined as the difference between the analog input
levels required to produce the first and the last digital output code
transitions. Gain error is a measure of the deviation between the
actual gain from the ideal gain of FS-2 LSB.

Unipolar Offset Error: Difference between the ideal (+1/2
L.SB) and the actual analog input level required to produce the
first digital code transition (00 ....00 to 00....01) over the
complete temperature range. ’

Bipolar Offset Error: Difference between the ideal (1/2 FSR —

1/2LSB) andthe actualanalog inputievel required to produce the

major carry output digital code transition (from 01....11 to
.. 00).

Power Supply Sensitivity: A measure of the change in gain
and offset of the A/D resulting from a change in supply voltage.
Usually expressed in total %FS for a percentage change in
supply voltage.

Conversion Time: The measure of how long it takes for the A/D
to arrive at the correct digital output code. It is the time between
the clock edge that starts a conversion after receiving a start
command and the edge of the status line (CC) which signifies that
the conversion is completed.
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THEORY OF OPERATION

The Am6112 is a fully uP-compatible programmable 12-bit A/D
converter. The device is initialized by writing a 3-bit word into
the internal command register via the bidirectional data pins
Do—Dg; in this operation, bits D1 and D2 configure the con-
verter into one of four modes, while Dg provides the choice of
either offset-binary or two's complement output code. A fifth
‘'mode is pin selectable and is a unique stand-alone mode
in which the internal command register is programmed when-
ever the control inputs READ (RD) and WRITE (WR) are
LOW together.

The Am6112 has the standard_uP peripheral control lines,

CHIP SELECT (CS), WRITE (WR), READ (RD), plus one

non-standard line, COMMAND/DATA (C/D). The C/D control
qualifies both the read and write operations. It defines a write
operation as either an initialization or an external start conver-
sion command, and during read cycles it steers either the
upper or lower data byte to the data outputs.

The Am6112 requires an external clock (CLK) to control the
conversion speed. The status output acknowledge (ACK) is
derived from the internal Conversion Complete (CC) line, which
indicates whether a conversion is in progress or completed.

The Successive Approximation Register performs the
analog-to-digital conversion by sequentially testing the effect
of removing the bit currents (Byq to Bp) of the D/A converter,
which are all steered to the A/D summing node. The bit
currents are binarily scaled versions of the reference current
flowing into the D/A converter reference amplifier, and the
voltage comparator decides whether the bit currents should be
removed or retained. The reference current is obtained from the
internal reference voltage source-using the scale resistor con-
nected to VRerOUT. The Am6112 contains the necessary gain
and range selection resistors enabling bipolar signals between
—5V and +5V, and unipolar signals from 0 to +10V to be
digitized. The device operates from +5 and —5.2V supplies.

Am6112 FUNCTIONAL PIN DESCRIPTION

VRepOUT 2.5V internal voltage reference output. RD Active low input used to read the SAR data. SAR
VRerIN Connected to an external voltage reference data |sBread in two bytes. The reading of the high
(VREFOUT) to establish a reference current for byte (Bg—B11) or low byte is user selectable
f except during Mode 2 via the C/D line (see
the DAC bit currents.
leeeIN External ref ¢ input § ot Status Truth Table).
ern erence current input for metric — ) .
REF ' o;eratie(l)nl.'e i ratiometr C/D Used in loading the COMMAND register with an
. active WR or outputting the HIGH and LOW data
RiN Analog voltage input. bytes with an active RD (see Status Truth Table).
Rorr When connected to VRepOUT, 1/2 scale offset is cs Active low input allows the Am6112tobe involved
generated to accomodate bipolar analog input in 1/0 operations (see Status Truth Table).
signals. — o
' 9 . ACK Open collector, active low output indicating the
Do-D7 Three-state data lines. Dg— D2 are bidirectional : status of the Am6112.
data lines, while D3—D7 are strictly output data . . .
lines. Data is loaded into the internal COMMAND CLK Clock input synchronizing and controlling the
operation of the Am6112.

register via Dg — D2 to select one of four modes of
operation. Dg— Dy are used to output the 8 LSBs V+
(Bo—Bg7). Do— D3 are used to output the 4 MSBs V-
(Bg —B11) of the 12-bit data, while D4 — D7 output
the sign bit (B11).

WR Active low inputused to reset the SAR and starta
conversion cycle (Modes 0 and 3). This input line
is also used to load_data into the command
register along with C/D fine held high.

+5V power supply input.
—5.2 power supply input.
Analog ground.
Digital ground.

AGND
DGND

Am6112 Control Signal Decoding

STATUS TRUTH TABLE
Control Logic Inputs
cS RD WR c/D Am6112 Status
1 X X X, Output Data Lines (D7 — Dg) in High Impedance State
0 0 0 X Forced to STAND-ALONE MODE Operation
0 1 0 1 Write into Command Register to Select Mode of Operation
0 0 1 0 Read 8 LSBs (Low Byte), Except in MODE 2
0 0 1 1 Read 4 MSBs (High Byte), Exceptin MODE 2
0 1 0 0 Start Conversion (MODES 0, 3 and Stand-Alone)
0 0 1 0 Start Conversion, MODE 1
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"INITIALIZATION TIMING TABLE

Number Parameters Description Min Typ Max Units
1 H5-CS RD HIGH to CS LOW (RD Setup) 10 ns
2 tSCS-WR CS LOW to WR LOW (CS Setup) 10 ns
3 twa WR Pulse Width 100 ns
4 tWA-CS WR HIGH to CS LOW (WR Hold) 10 ns
5 tsc/D-WR C/D HIGH to WR HIGH (C/D Setup) 100 30 ns
6 tH/D-WA WR HIGH to C/D HIGH (C/D Hold) 10 ns
7 tsp-WwR Data Setup Time 100 ns
8 tHD-WR Data Hold Time 20 ns
INITIALIZATION TIMING DIAGRAM
@ I
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01910B-6

Amé6112 COMMAND REGISTER DECODING

Mode/Coding Format Truth Tables

Command
Register Bits
D2 D4 Do Mode Description
X X 0 Offset binary output
' 1 Two’s complement output code (except stand-alone mode).
0 0 X MODEO — Amé&112 under microprocessor control. Conversion cycles started
- by active WR. Internal status (CC) gated with RD and CS.
0 1 X MODE 1 — Am6112 under microprocessor control. Conversion cycles started
. by active RD. Internal status (CC) gated with RD and CS.
1 0 X MODE 2 — Am6112 under DMA control (such as the Am9517A). Conversion
" cycles started by active RD. Data outputted as 8 LSBs first and
then the 4 MSBs. Output data control is done internally and not
accessible by the user.
1 1 X MODE 3 — Am6112 under microprocessor control. Conversion cycles started
by active WR. Internal status (CC) gated with CS only.
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TEST CIRCUIT — Top View
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CALIBRATION TEXT
Unipolar Configuration (Figure 1)

The Am6112 contains all the active components required to per-
form a complete 12-bit A/D conversion. All that is necessary, in
mostsituations, is the connection of the power supplies (+5V and
—5.2V), analog input, and conversion initiation command, dis-
cussed later. The Am6112 has a nominal 1/2 LSB offset so that
the exact analog input for a given code will be in the middle of the
code. If no trims are used, the Am6112 has a typical zero offset
error of +1/2 LSB, and gain error of +2 LSB. When no trims are
required RorF should be left open for the best DNL specification
(refer to accuracy versus DNL curve). If the gain error (full-scale)
trim is not required, potentiometer R4 should be replaced with
504 precision resistor matched to Rs.

Unipolar Calibration

Connecting RorF to R1 and Ry, the initial offset errcr can be
trimmed by Rg. The first A/D transition (0000 0000 0000 to
0000 0000 0001) should occur for an input level of +1/2 LSB
(1.22mV).

The gain error (full-scale) trim is done by applying a signal 1/2
LSB’s below the nominal full-scale (3.9964V). Ry is trimmed to
give the last transition (1111 1111 1110 to 1111 1111 1111).

Bipolar Configuration (Figure 2)

If the offset and gain errors are acceptable, potentiometers Ry
and Rp should be replaced by precision 25 and 50€2 resistors
respectively.

Bipolar Calibration

Bipolar calibration is similar to unipolar calibration. First, a signal
+1/2 LSB above negative full scale (—4.9988V for the
=5V input range) is applied to Rz and potentiometer Ry is
trimmed to give the first transition (0000 0000 0000 to 0000 0000
0001). Then a signal 1 1/2 LSB below’ positive fuli-scale
(4.9963V) is applied and potentiometer R is trimmed to give the
last transition (1111 1111 1110 to 1111 1111 1111).

Offset and gain calibration can be more accurately trimmed by
summing a small triangular wave voltage to the analog input
signal, and the digital outputs monitored to determine the center
point of the code transition. :
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Figure 1. Am6112 Unipolar Configuration
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Figure 2. Am6112 Bipolar Configuration
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APPLICATIONS INFORMATION

Depending on the processor used and throughput rate required,
the user can select up to five operating modes.

In MODE 0, the conversion cycle is started by an active write
(WR) and the next two read (RD) commands send the data out.
The status of the command/data (C/D) line determines whether
the output data consists of the eight LSBs or four MSBs. In this
mode, as well as Modes 1 and 2, the ACK line reflects the ADC’s
status during an active read period. For example, if conversion
complete (CC) is high during the entire read period, ACK is also
high. ACK can then be used to extend the 1/0 read cycle if
desired.

In MODE 1, a conversion cycle is started by an active read.
Reading of the 12-bit data and the action of the ACK output is
similiar to Mode 0. This mode is well suited to microprocessors
“such as the Z80 and Z8000 which have data-block transfer as
part of their repertoire. The first 12-bit data output is invalid in
this mode because the conversion cycle does not start until the
positive transition of the second read pulse.

MODE 2 puts the A/D converter under control of a DMA con-
troller such as the Am3517A. During DMA transfer, the micro-
processor is disabled, and the Am9517A provides all the signals
to control the conversion prdcess. In Mode 2, the A/D converter
internally controls the output of the data bytes. The first read
signal sends out the 8 LSBs and simultaneously saves the four
MSBs into aninternal latch.

The LOW-to-HIGH transition of the first read initiates another
conversion cycle. A second read cycle sends out the latched

. and WR are low together. This situation is an illegal state with

MSBs at the same time_the A/D converter is performing
the next conversion. The ACK output is internally masked so
that the conversion complete (CC) does not extend the second
read cycle.

MODE 3 is similar to Mode O except that the ACK line reflects
the A/D converter's true status. This difference in the decoding
of the ACK line provides flexibility in the microprocessor hand-
shaking. Although tying the ACK line to the microprocessor's
Wait input pin might reduce throughput, by adding additional
Wait states, it does guarantee full 12-bit conversion cycles.

MODE 4 is a unique stand-alone mode, in which the internal
command register is preprogrammed to operate with offset
binary data output format. Mode 4 is programmed whenever RD

any microprocessor-based system.

In Figure 3, CS can be grounded at all times. Applying a start
pulse to the WR pin initiates two events. First, because the
pulse at RD is actually a delayed write signal, sometime after
the start signal is applied, both BD and WR are low at the
same time, and the Am6112 is forced to Mode 4 operation.
Secondly, WR going high after this delay starts the A/D con-
version cycle, as long as C/Di is LOW. The data can be read as
soon as RD returns low. The ACK line acts as a conversion
complete signal which provides a simple means of steering tho
data bytes to the data outputs. ACK is gated with WR so
that C/D will always be low whenever a conversion cycle
is required.

Figure 3. Stand-Alone Mode
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Am6112
MODE 0 TIMING TABLE

Number Parameters ~Description Min Typ Max Units
1 tWAL WRLOW 100 ns
2 te/DL-WL C/D LOW to WR LOW Setup 10 ns
3 tE5L-wWL ‘TS LOW to WR LOW Setup .20
4 twH-C/BL ‘WR HIGH to C/D LOW Hold 10 ns
5 twH —CSH ‘WRHIGH to CS HIGH Hold 20
6 twH-GCH 'WR HIGH to CC HIGH Delay (Note 1) toLk + 50 ns
7 1GSL_AGKL CS LOW to ACK LOW Delay 50 100 ns
8 {TSH-ACKH ‘TS HIGH to ACK HIGH Delay 20 50 100 ns
9 tCSL-RL CSLOWtoRD LOW 20 ns

10 {FDL RDLOW 100 ns
1 te/D-RL C/D 10 RD LOW Setup 20 ns
12 tcony Conversion Time 14 CLK

13 tRH_C/D RD HIGH to C/D Hold 10 ns
14 tAL—ACKH 'RD LOW to ACK HIGH Delay 50 100 ns
15 tRH—ACKL RD HIGH to ACK LOW Delay 50 100 ns
16 tRL-DTVLD RD LOW to Data Delay 50 100 ns
17 tCSH-DTVLD RD HIGH to Data Hold 20 ns
18 tRH-CSH RD HIGH to CS HIGH 20

*Note: tg k = 1 Clock Period.

s1

~ MODE 0 TIMING DIAGRAM

T 52

st

, cC
INTERNAL)

amsas

81 — Start a conversion cycle with an active WR.

S, — Read first data byte. The 4 MSBs become valid 6 clock periods after CC goes high. Therefore, the 4 MSBs may be read dunng Sp while the
conversion cycle is in progress. If conversion is done (CC going low) prior to Sy, then either the 4 MSBs or the 8 LSBs may be read first and the
ACK signal during Sp and S3 is the same as during Sy. iIf the conversion time is longer than S4 + Sy, then the ACK signal can be used to extend
the active part of Sp.

S3 — Read second data byte.

6LSBs

019108-7
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MODE 1 TIMING TABLE
Number Parameters Description Min Typ Max Units
1 1GSL-RAL CSLOW to RD LOW-Setup 20 ns
2 tROL RDLOW 100 ns
3 tRH-C8H RO HIGH to CS HIGH 20 ns
4 tc/D-C8L C/Dto RD LOW Setup 10 ns
5 tRH-C/D RD HIGH to C/D Hold 10 ns
6 tRH-TCH RD HIGH to CCHIGH Delay (Note 1) toLk + 50° ns
7 tconv Conversion Time 14 CLK
8 tESL - ACKL CSLOW to ACK LOW Delay 50 100 ns
.9 {CSH -ACKH CSHIGH to ACK HIGH Delay 50 100 ns
10 {RL_ACKH RD LOW to ACK HIGH Delay 50 100 ns
1 tRH—AGKL RD HIGH to ACK LOW Delay 50 100 ns
12 tAL - DTDLY RD LOW to Data Delay 50 100 ns
13 tRH-DTHLD RD HIGH to Data Hold 20 ns

*Note: tcyk = 1 Clock Period.

MODE 1 TIMING DIAGRAM

S5 AND
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vALID

019108-8

De-5y Z V4 \ O N—
p! g N/ N/
8LSBe. 18t AMSBs 13t 6LSBe
NOT VALID VALID VALID
*
S¢ — Start the first conversion cycle with an active RD. The 8 LSBs read are not valid.
Sy — Read the first valid 4 MSBs. The 4 MSBs become valid 6 clock periods after CC goes high. Therefore, the 4 MSBs may be read during

Sp while the conversion cycle is in progress. If conversion ends prior to S, then either the 4 MSBs or the 8 LSBs may be read first
and the ACK signal during Sy is the same as during S1. If the converison time is longer than Sp, then the ACK signal can be used

to extend the active part of Sy,

S3 and S — Read the first valid 8 LSBs and start the next conversion cycle.
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MODE 2 TIMING TABLE
Number Parameters Description Min Typ Max Units
1 twH-TSL WR HIGH to CSLOW Setup 10 ns
2 tCSL-FBL 'CSLOW to RD LOW Setup 10 ns
3 1CSL-TCH CS LOW to CC HIGH Delay (Note 1) toLk + 50 ns
4 tconv Conversion Time 14 CLK
5 tTSL—ACKL CSLOW to ACK LOW Delay 50 100 ns
6 tECH - ACKH CC HIGH to ACK HIGH Delay 50 100 ns
7 {ECL-ACKL CC LOW to ACK LOW Delay 50 100 ns
8 tRH—AGRH RD HIGH to ACK HIGH Delay 50 100 ns
9 tup~ACKL Data to ACK LOW 20 50 ns
10 tRH—DTHLD RD HIGH to Data Hold 20 35 ns
1 tRL- DTDLY 'RD LOW to Data Delay 50 100 ns
12 tRH-CCH RD HIGH to CC HIGH Delay (Note 1) toLk + 50 ns
13 tRH-C8H RD HIGH to CSHIGH 10 ns
14 tRH 'RDHIGH 50 ns
15 tRL-ACKL RD LOW to ACK LOW 50 100 ns

*Note: tcLk = 1 Clock Period.

MODE 2 TIMING DIAGRAM
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S4.1 — Start first conversion with CS going LOW. First 4 MSBs are latched internally. First 8 LSBs are valid when CC goes LOW. Note that S cycleis

extended by the insertion of wait states using the ACK signal. Second conversion starts after RD goes HIGH.

S1.2 — Read first 4 MSBs. Note that this cycle is not extended.
Sz.1 — This cycle is similar to the S1.1 cycle.

Ss.5 — This cycle is similar to the S1.5 cycle except that conversion cycles are inhibited after CS goes HIGH.
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MODE 3 TIMING TABLE
Number Parameters Description Min Typ Max Units
1 WAL WRLOW 100 . ns
2 te/D-wL C/D LOW to WR LOW Setup 10 : ns
3 tSSL-WL CSLOW to WR LOW Setup 20
4 twH-C/DL 'WR HIGH to C/D LOW Hold 10 ns
5 twH-CSH WR HIGH to CS HIGH Setup 20
6 twH—CCH WR HIGH to CC HIGH Delay (Note 1) toLk + 50 ns
7 tconv Conversion Time ' 14 CLK i
8 {GSL—ACKL CS LOW to ACK LOW Delay 50. 100 ns
9 {SSH—ACKH CSHIGH to ACK HIGH Delay . 50 100 ns
10 tT8L-RAL CSLOW to RD LOW Setup 10 ns
11 tRDL e RD LOW 100 ns
12 tc/DH-RL C/DHIGH to RD LOW Setup 10 ns
13 tRH-C/DH RD HIGH to C/D HIGH Hold g 10 ns
14 5oL~ ACKL CC LOW to ACK LOW Delay ns
15 tRL—DTDLY RD LOW to Data Delay 50 100 ns
16 tESH—DTHLD RD HIGH to Data Hold 20 ns
17 tRH-C8H RD HIGH to CS HIGH

*Note: tcyk = 1Clock Period.

MODE 3 TIMING DIAGRAM

LR

8 % /
(INTERNAL) .

AR

i

@ - |-® @—H
Ll —®
— ¢ — N
P07 2 P 4 \ /)

ausse aLses 01910B-10

Sy — Starta conversion cycle with an active WR.

S, — Read firstdata byte. The 4 MSBs become valid 6 clock periods after CC goes high. Therefore, the 4 MSBs may be read during Sp while conversion
cycleisin progress. If conversion is done (CC has gone low) prior to Sy, then either the 4 MSBs or the 8 LSBs may be read first and the ACK signal
during S and Sa is the same as during S1. If conversion ends during active part of S (CS low) ACK output is as shown above. If the conversion
time is longer than S4 + Sy, then the ACK output can be used to extend the active part of So.

S3 — Read second data byte.
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STAND-ALONE MODE TIMING TABLE

Number Parameters Description Min Typ Max Units
1 tS8L-RL CSLOW to RD LOW Setup 100 ns
2 twL—RL WR LOW to RD LOW Setup 100 ns
3 tADL RDLOW 100 ns
4 tRH—WH RD HIGH to WR HIGH Setup 10 ns
5 twH-RH WR HIGH to RD HIGH Hold 20 ns
6 tC/DL-WH C/D LOW to WR HIGH Setup 110 ns
7 twH-C/DL WRHIGH to C/DLOW Hold 10 ns
8 twH-GCH WR HIGH to CC HIGH Delay (Note 1). toLk + 50° ns
9 tRL-ACKL RD LOW to ACK LOW Delay 50 100 ns

10 tCEH - ACKH CC HIGH to ACK HIGH Delay 50 100 ns
11 tconv Conversion Time 14 CLK
12 tSEL—ACKL CCLOW to ACK LOW 50 100 ns
13 tAGRL - C/BL ACK LOW to C/D LOW 0 ns
14 tCEH-UBVLD ‘CC HIGH to Upper Byte Valid (Note 1) 45 tok + 50* ns
15 tc/BL-LBVLD C/D LOW to Lower Byte Valid 50 100 ns
16 tRH_CSH RD HIGH to CS HIGH Setup 10 ns
17 tCSH - ACKH CS HIGH to ACK HIGH Delay 50 100 ns
18 tRH—DTHLD RD HIGH to Data Hold 20 ns
*Note: tgk =1 Clock Period.
STAND-ALONE TIMING DIAGRAM
S$1 I s2 | SG

CS\
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s 7 \
@ —®
00—07 { NOT VALID 4MSBs VALID x‘_ BLSBs VALID

S¢ — Initialize Am6112 to stand-alone mode and start conversion cycle.
Sz — Read valid 4 MSBs.
S3 — Read valid 8 LSBs.
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Microprocessor Interfacing

The Am6112 provides a variety of interfacing options. For
example, Mode 0 is suitable for microprocessor-based systems
with low throughput and the conversion process is directly under
microprocessor control. This approach results in a minimum of
hardware. In operation, the microprocessor initiates a conver-
sion and is then forced into a Wait state which prevents the
processor from performing other tasks until the conversion is
complete and the A/D converter's data can be read.

Am6112 with DMA in an 8-Bit System

The 8-bit output data structure of the Am6112 enables it to be
easily designed into 8-bit CPU systems. In minimum system
configuration with DMA capability, the 8085 CPU programs the
Am6112 to operate in Modes 0, 1, 2 or 3 (Figure 4). Except for
Mode 2, the CPU controls the conversion cycles and the transfer
of data, which can then be stored in the internal register for

immediate processing or in system memory for the case of data
collection.

The ACK of the A/D converter is fed into the CONTROL LOGIC
and controls the READY input of the 8085 and the Am9517A
DMA controller. This is done to insert Wait states when the
Am6112 conversion cycle is longer than the 8085 I/O instruction
cycle. The ACK signal also controls the Am6420 Sample (track)
and Hold (S/H) so that while it is HIGH the S/H is in the HOLD,
mode, and when it goes LOW the S/H is set to the tracking or
sampling mode.

Whenever a DMA transfer is requested on channel 0, the
Am9517A responds by setting the HREQ line HIGH to tell the
8085 that it wants to control the bus. The microprocessor relin-
quishes its controt of the bus by making the Hold Acknowledge
(HLDA) active. The microprocessor is then basically disabled,
and the Am9517A provides all the signals necessary to control

the DMA transfer process.

Figure 4. Am6112 In Minimum 8-Bit System Configuration with DMA Capability
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Am6112 data transfer may be controlled by CPU (mode 0, -1, -3) or by the Am9517 DMA controller (mode 2) for faster throughput rate.
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The DMA controller has four channels (DREQg— DRE3) where
four peripheral devices may request service. Each channel has
four 16-bit registers (base and current address, and base and
current word count) and a mode register accessible via address
lines Ag—Agz. The base registers allow the channels to be au-
tomatically reinitialized at the end of a DMA transfer, and DMA
requests may be either hardware- or software-generated.
Auto-initialization is selected by programming the mode register.
Other internal registers are programmed to set the desired oper-
ations and options.

Among the Am9517 operating modes are two called Single
Transfer and Block Transfer. In the Single Transfer mode, a word
is transferred for each DMA request, while Block Transfer allows
the Am9517A to make continuous transter until the word count for
the active channel goes to zero.

High-Speed Analog 1/0 Processing

Because the Am9517A cannot control the buses concurrently
with the 8085 microprocessor, the microprocessor is idle while
DMA transfer is in progress. For large data block transfers, this
period can be very significant even though the transfer rate is
extremely fast.

The limitation associated with the shared-bus structured can be
solved by dedicating a device, such as another microprocessor,
to deal with the Am6112 and other 1/O devices in conjunction with
the main microprocessor. However, most general purpose
microprocessor’s are not really suited for the task of 1/O device
controland processing will probably still need a DMA controller to
provide DMA capability.

A more powerful and attractive solution uses a dedicated device
such as the Am8089 1/O processor (IOP). The Am8089 |OP
contains two independent channels with high-speed DMA capa-
bility, and its instruction set is extensively 1/O-oriented. The bus
organization of the IOP is fiexible so that data transaction is
possible between 8-bit organized 1/O devices and 16-bit wide
memory or vice versa.

Figure 5 illustrates such a system architecture for high-speed
analog 1/0 processing. Before being able to perform 1/O tasks,
the Am8089 must be initialized by the Am8086/88 micro-
processor, configured in MAXIMUM mode. The system bus is
separated from the local bus to allow for parallel processing, and
the IOP’s channel program may reside in the local memory space
to further reduce system bus contention. The Am6112 may be
initialized by the IOP, and data transactions from the Am6112,
Am6082 and local memory is then confined by the Am8089 to the
local bus. DMQq and DMQ2 are DMA request lines associated
with the Am6112 and the Am6082. DMA transfers may be termi-
nated externally via EXTy and EXTa.

High-Resolution System Design Guidelines

The design of high-resolution or low-level analog/digital systems
must include a thorough analysis of conditions that can degrade
overall system accuracy. Consider the source impedance of the
device driving the input of the Am6112. The input impedance of
the converter is modutated during the conversion cycle because
currents of different values appear at the node where the ADC
presents itself as aload to the S/H device. The outputimpedance
of the S/H must be sufficiently low at all operating frequencies to
avoid errors and, in addition, the S/H device output must settle to
the required voltage level before a bit current comparison can be
made. This means that the output transient response of the S/H
must be able to cope with the 1/2 clock period settling time
requirement for each bit current comparison.

Additional system errors can be caused by improper placement of
the circuit components. Analog and digital components must be
isolated from each other with lots of ground plane. Analog circuits
mustbe as close together as possible to make the signal paths as
short as possible. Ground loops within the analog section must
be avoided.

Figure 5. High-Speed Analog I/O Processing
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Separate local bus for the analog I/O devices allows for high throughput without sacrificing CPU capabilities. Am8089 does alt /O related routine in paraltel
with CPU tasks and eliminates system bus contention due to /O servicing.
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DAC-08

8-Bit High Speed Multiplying D/A Converter

Distinctive Characteristics

Fast settling output current — 85nsec
Full scale current prematched to 1.0 LSB
Direct interface to TTL, CMOS, ECL, HTL, NMOS
Nonlinearity to *0.1% max over temperature range
High output impedance and compliance

—10V to +18V

Differential current outputs

Wide range multiplying capability
1.0MHz bandwidth

Low FS current drift — +10ppm/°C

Wide power supply range — +4.5V to 18V

Low power consumption — 33mW @ +5V

GENERAL DESCRIPTION

“The DAC-08 series of 8-bit monolithic multiplying Digital-

to-Analog Converters provide very high speed performance
coupled with low cost and outstanding applications flexibility.

Advanced circuit design achieves 85 nsec settling times with
very low “glitch” and a low power consumption. Monotonic
multiplying performance is attained over more than a 40 to 1
reference current range. Matching to within 1 LSB between
reference and full scale currents eliminates the need for full
scale trimming in most applications. Direct interface to all
popular logic families with full noise immunity is provided by
the high swing, adjustable threshold logic inputs.

High voltage compliance dual complementary current outputs
are . provided, increasing versatility and enabling differential
operation to effectively double the peak-to-peak output swing.
In many applications, the outputs can be directly converted to
voltage without the need for an external op amp.

All DAC-08 series models guarantee full 8-bit monotonicity,
and nonlinearities as tight as 0.1% over the entire operating
temperature range are available. Device performance is essen-
tially unchanged over the £4.5V to +18V power supply range,
with 33mW power consumption attainable at #5V supplies.

The compact size and low power consurhption make the
DAC-08 attractive for portable and military/aerospace applica-
tions. All devices are processed to MIL-STD-883.

DAC-08 applications include 8-bit, 1.0usec A/D converters,
servo-motor and pen drivers, waveform generators, audio
encoders and attenuators, analog meter drivers, programmable
power supplies, CRT display ‘drivers, high speed modems and
other applications where low cost, high speed and complete
input/output versatility are required.

EQUIVALENT CIRCUIT
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DAC-08
MAXIMUM RATINGS (Ta = 25°C Unless Otherwise Noted)

Operating Temperature V+ supply to V— Supply 36V
o A -
DAC-08AQ, Q, AL, L —55°C to +125°C Logic Inputs V— to V+ plus 36V
DAC-08EQ, CQ, HQ, EN, CN, HN 0°Ct0 +70°C V¢ V—to V+
Storage Temperature —65°C to +150°C Analog Current Outputs See Fig. 12
Power Dissipation 500mwW Reference Inputs (Vq4, Vis5) V—to V+
Derate above 100°C 10mW/°C Reference Input Differential Voltage (V14 to V15) 18V
Lead Temperature (Soldering, 60 sec) 300°C Reference Input Current (144) 5.0mA
ELECTRICAL CHARACTERISTICS (Vs = 15V, Iggs = 2.0mA)
AmDAC-08A AmDAC-08
.AmDAC-08H AmDAC-08E AmDAC-08C
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity TA = MIN. to MAX, 0.1 +0.19 +0.39 %FS
To £1/2LSB, all bits g:g‘gg“ 85 135 85 135
ts Settling Time switched ON or OFF DACOSE ns
g
TA=25°C DAG-08C 85 150 85 150
tPLH. Each Bit ’ 35 60 35 60 : 35 60
L rD'sIay All Bits Ta® ¢ ns
1) .
Switched 35 60 35 60 35 60
TClgg Full Scale Tempco +10 +50 +10 150 +10 80 | ppm/°C
Full scale current
Voc Output Voltage Compliance { change < 1/2 LS8 --10 +18 -10 +18 -10" +18 Volts
RouT > 20Meg$2 typ.
VREF = 10.000V
IEs4 Full Scale Current R14. Ri5 = 5.000k$2 1984 | 1992 | 2000 | 194 1.99 2.04 194 199 | 204 mA
TA=25°C
1gss Full Scale Symmetry Irsa — IFs2 105 4.0 1.0 8.0 120 £16 HA
Izs Zero Scale Current 0.1 1.0 02 2.0 02 4.0 HA
Iesh Output Current Rangs —=_50V 0 2.0 2.1 2.0 2.1 [) 2.0 2.1 mA
—=-12.0V to —18V 1 o 2.0 42 0 20 42 0 2.0 42
ViL B Logic 0" 08 0.8 08
Logic Input Vic=0v Volts
Level
Vig evels Logic “1" 20 20 20
. VN =—10V to
1 Logic "'0" IN -2 -1 X - —2. -10
18 Logie Input ogic Vie-0v +08V 2.0 0 2.0 10 2.0 A
[ Current Logic “1” VIN= fé"\)’ to 0002 | 10 0002 [ 10 0.002 10
Vis Logic Input Swing —= 15V -10 +18 -10 +18 -10 +18 Volts
VTHR Logic Threshold Range Vg =15V -10 +13.5 -10 +135 -10 +135 Volts
I1s Reference Bias Current -10 [ —30 -10 -30 -10 | -3.0 HA
di/dt Reference Input Stew Rate 4.0 8.0 4.0 8.0 40 8.0 mA/us
PSSIggy: V+=45Vto 18V +0.0003| £0.01 +0.0003 | +0.01 £0.0003 [ +0.01
‘Power Supply Sensitivity %1%
V== -45Vto—18V
PSSIEg_ \REF = 1.0mA +0.002 | +0.01 +0.002 | $0.01 +0.002 | -:0.01
+
[ Vg = 5.0V, Ingg = 1.0mA 23 38 23 38 23 38
= 43 | 538 -43 | -58 —43 | -58
[ b . Vg =450V, -15V, 24 38 24 38 24 38 mA
ower Si Current
p upply Curr IREF = 2.0mA 64 | —78 64 | —78 —64 | -78
T
[ Vg = 15V, IRgF = 20mA 25 38 25 38 25 38
- -65 | -78 —65 | —78 -65 | -78
50V, IRgF = 1.0mA 33 a8 33 a8 33 48
Po Power Dissipation +5.0V, —15V, IRgg =2.0mA 108 136 108 136 108 136 mw
+15V, IRgF = 2.0mA 135 174 135 174 135 174
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DAC-08

BASIC CONNECTIONS
Ms8 . Ls8
TS Tﬂ T7 TE ] TIOT" Tﬂ
Rig
RREF 14| B1 B2 B3 By B Bg. By Bg\ ,
VREF #) O AN ————{ Vg () ‘o
—
REF ' AmDAC-08
A [ 2 To
Ris V= COMP vt Ve -
= 3 16 13 1 .
LT Rev
0.1uF 0.14F Vaer " AL]
T S . o AMA—
= o = > : Ipgp(H) ~20mA AmDAC-08
v vhove Lic-192 50k S =10V
POT. & 15
APPROX.
5.0k
| +VREF 255 FOR FIXED REFERENCE, TTL _L *
F§= —— x—o =
RREF 256 OPERATION, TYPICAL VALUES
» ARE: LiC-193
1o+ B: Igs FOR ALL VREF = +10.000V
LOGIC STATES RREF = 5.000k
R15 ~ RREF
Cc =0.01uF
VLG = OV (GROUND)
Figure 1. Basic Positive Reference Operation. Figure 2. Recommended Full Scale Adjustment Circuit.
M8 Lss
RREF 14 . By By By By B85 Bg By By
o IREF = 2.000mA
- ——
= R AmDAC-08 Oo0—— AmDAC-08
v ) 15 ‘___o 14
- o——AM—
REF " 2
LIC-194 :
B1 B2 B3 B4 BS B6 B7 B8 | lgmA | TgmA Eg o
—VREF _ 255 FULL SCALE 11 1 1 1 1 1 119892 | 000 | -9.960 000
IFs = Rarr 256 FULLSCALE-L$B [ 1 1 1 1 1 1 1 0 | 1984 | .008 | -9920| —040
REF HALFSCALE+LSB |1 06 0 0 0 6 O 1 | 1008 | 984 | —5.040.| —4.920
HALF SCALE 1000 00 0 O|1000 | 992 | -5.000 | ~4.960
HALFSCALE-LSB| 0 1 1 1 1 1 1 1 | 992 | 1.000 | —4.960 | -5.000
Note 1. RREF Sets Igg; Ry is for Bias ZEROSCALE+LSB | 0 0 0 0 0 0 0 1 | .008 | 1.984 | —040|-9.920
Current Cancellation. ZERO SCALE 0 0 000 0 0 0| 000 1992 000 | -9.960
Figure 3. Basic Negative Reference Operation. Figure 4. Basic Unipolar Negative Operation.
Ms8 Ls8
gy 17777777
[
v, 5.000kQ2 By 87 By By Bg Bg By Bg
IRgF =2.000mA o
O—T AmDAC-08 AmDAC-08
) ! + -
v v S Vic
5.0k
LIC-196 —|
' = sV O-1sv = = LIC-187
Bt B2'83 B4 B5 B6 B7 B8 | Eg o .
POS FULL SCALE 11 1 1.1 1 1 1 [ —9920 | +10.000 B1 B2 B3 B4 BS5 B6 B7 B3 | Ep
POSFULLSCALE-LSB | 1 1 1 1 1 1 1 0| -9840 | +9.920 POS FULL SCALE 111 1 1 1 1 1| +9.960
ZERO SCALE +LSB 100000 0 1| -008] +0.160 POSFULLSCALE-LSB | 1 1 1 1 1 1 1 0 | +9.880
ZERO SCALE 10000000 0.000 | +0.080 (+) 2ERO SCALE 10000 0 0 0]+0.040
ZERO SCALE —LSB 01 1 1 1t 1 1 1| 08| 0000 (-} ZERO SCALE 6 1 1 1 1 1 1°1]|-0040
NEGFULLSCALE+LSB | 0 © 0 0 0 0 O 1 | +9920 | -9.840 NEG FULLSCALE+LSB | 0 0 0 0 0 0 0 1 |—9.880
NEG FULL SCALE 0 0 0 0 0 0 0 0 +10000| —9.920 NEG FULL SCALE 0 0 000 0 0 0|-9.960
Figure 5. Basic Bipolar Output Operation. Figure 6. Symmetrical Offset Binary Operation.
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DAC-08

BASIC CONNECTIONS (Cont.)

0 fo
0TO +Igg ¢ R,

LIC-198

FOR COMPLEMENTARY QUTPUT (OPERATION AS NEGATIVE
LOGIC DAC), CONNECT INVERTING INPUT OF OP-AMP TO g
(PIN 2), CONNECT Ig (PIN 4) TO GROUND

Figure 7. Positive Low Impedance Qutput Operation.

— o0 ¢

0TO-Igg e R
AmDAC-08 FSTTL

LIC-199

e = 255
FS = o= IREF

FOR COMPLEMENTARY (OPERATION AS A NEGATIVE LOGIC
DAC), CONNECT NON-INVERTING INPUT OF OP-AMP TO ig
(PIN 2); CONNECT Ig (PIN 4) TO GROUND.

Figure 8. Negative Low Impedance Output Operation.

TTL,DTL Vi =V g Hav
Vo= +14v THTTLE
+15V CMOS, HTL, HNIL
VTH =476V
AmDAC-08
|
B.2k82
Vic

CMOS, HTL, NMOS

i

TO
PIN1
—0

Vie

4004A > ‘

+

-5.2v

LIC-200

SET VOLTAGE AT NODE “A” EQUAL TO DESIRED LOGIC
THRESHOLD.

Figure 9. Interfacing With Various Logic Families.

VRer (4

?

| opTioNAL
RRep S RESISTOR

O FOROFFSET
INPUTS

AmDAC-08

Lic-201

TYPICAL VALUES:
RyN = Bk
+V N =10V

Figure 10. Pulsed Reference Operation.

VRer )
‘ReF
YN
—
= 14
Vin _%_
Rin 15 AmDAC-08

a) Iggg = Peak Negative Swing of Ijy.

RRer
14
Vrer)

n N

— -
HIGH INPUT
IMPEDANCE

Ry5(OPTIONAL) 15 AmDAC-08

RREF ~ R1p Lic-202
b) +VRgr Must Be Above Peak Positive Swing of V.

Figure 11. Accomodating Bipolar References.

RRer
Veert R
s
Ris
= 13 3 1el
o.uF‘E Iovw
R T
415V =15V LIC-203

FOR TURN-ON, V| =27V
FOR TURN-OFF, V| =07V

Figure 12. Settling Time Measurement.




APPLICATIONS INFORMATION
REFERENCE AMPLIFIER SET-UP

The DAC-08 is a multiplying D/A converter in which the out-
put current is the product of a digital number and the input
reference current. The reference current may be fixed or may
vary from nearly zero to +4.0mA. The full scale output current
is a linear function of the reference current and is given by:

255
==Xl h =114.
IFs 255 ~ |REF where IREF = 14

In positive reference applications (Fig. 1), an external positive
reference voltage forces current through Ry4 into the VReF ()
terminal {pin 14) of the reference amplifier. Alternatively, a
negative reference may be applied to Vrgp(—) at pin 15 {Fig.
3); reference current flows from ground through Ri4 into
VREF(+) as in the positive reference case. This negative refer-
ence connection has the advantage of a very high impedance
presented at pin 15. The voltage at pin 14 is equal to and
tracks the voltage at pin 15 due to the high gain of the internal
reference amplifier. Ry5 (nominally equal to Rq4) is used to
cancel bias current errors; Rq5 may be eliminated with only a
minor increase in error.

Bipolar references may be accommodated by offsetting VRgr
or pin 15 as shown in Fig. 11. The negative common mode
range of the reference amplifier is given by: Vgy— = V— plus
(Irer X 1.0kQ2) plus 2.5V. The positive common mode range
is V+ less 1.5V.

When a DC reference is used, a reference bypass capacitor is
recommended. A 5.0V TTL logic supply is not recommended
as a reference. If a regulated power supply is used as a refer-
ence, R4 should be split into two resistors with the junction
bypassed to ground with a 0.1uF capacitor.

For most applications, a +10.0V reference is recommended for
optimum full scale temperature coefficient performance. This
will minimize the contributions of reference amplifier Vog
and TCVgs. For most applications the tight relationship
between Iggr and Igg will eliminate the need for trimming
Irgg. If required, full scale trimming may be accomplished by
adjusting the value of Rq4, or by using a potentiometer for
R14. An improved method of full scale trimming which elimi-
nates potentiometer T.C. effects is shown in Fig. 2.

Using lower values of reference current reduces negative power
supply current and increases reference amplifier negative com-
mon mode range. The recommended range for operation with
a DC reference current is +0.2mA to +4.0mA.

The reference amplifier must be compensated by using a
capacitor from pin 16 to V—. For fixed reference operation,
a 0.01uF capacitor is recommended. For variable reference
applications, see section entitled “‘Reference Amplifier Com-
pensation for Multiplying Applications.”

MULTIPLYING OPERATION

The DAC-08 provides excellent multiplying performance with
an extremely linear relationship between Igg and IggE over a
range of 4.0mA to 4.0pA. Monotonic operation is maintained
over a typical range of Iggg from 100uA to 4.0mA; consult
factory for devices selected for monotonic operation over
wider IRgF ranges.

REFERENCE AMPLIFIER COMPENSATION
FOR MULTIPLYING APPLICATIONS

AC reference applications will require the reference amplifier
to be compensated using a capacitor from pin 16 to V—. The
value of this capacitor depends on the impedance presented to
pin 14: for Rq4 values of 1.0, 2.5 and 5.0kS2, minimum values
of Cc are 15, 37, and 75pF. Larger values of Rq4 require pro-
portionately increased values of C¢ for proper phase margin.
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For fastest response to a pulse, low values of Ry4 enabling
small C¢ values should be used. If pin 14 is driven by a high
impedance such as a transistor current source, none of the
above values will suffice and the amplifier must be heavily
compensated which will decrease overall bandwidth and slew
rate. For Ry4 = 1.0kS2 and C¢ = 15pF, the reference amplifier
slews at 4.0mA/us enabling a transition from Iggg = 0 to
IReF = 2.0mA in 500ns.

Operation with pulse inputs to the reference amplifier may be
accommodated by an alternate compensation scheme shown in
Fig. 10. This technique provides lowest full scale transition
times. An internal clamp allows quick recovery of the reference
amplifier from a cutoff (Iggr = 0) condition. Full scale transi-
tion (0 to 2.0mA) occurs in 120ns when the equivalent im-
pedance at pin 14 is 20082 and C¢ = 0. This yields a reference
slew rate of 16mA/us which is relatively independent of Ry
and Vyy values.

LOGIC INPUTS

The DAC-08 design incorporates a unique logic input circuit
which enables direct interface to all popular logic families and
provides maximum noise immunity. This feature is made
passible by the large input swing capability, 2.0uA l6gic input
current and completely adjustable logic threshold voltage. For
V— = =15V, the logic inputs may swing between —10V and
+18V. This enables direct interface with +15V CMOS logic,
even when the DAC-08 is powered from a +5V supply. Mini-
mum input logic swing and minimum logic threshold voltage
are given by: V— plus (Iggg X 1.0kS2) plus 2.5V. The logic
threshold may be adjusted over a wide range by placing an
appropriate voltage at the logic threshold control pin (pin 1,
Vi c). For TTL and DTL interface, simply ground pin 1. When
interfacing ECL, an IREF = 1.0mA is recommended. For
interfacing other logic families, see Fig. 9. For general set-up
of the logic control circuit, it should be noted that pin 1 will
source 100uA typical; external circuitry should be designed
to accommodate this current.

Fastest settling times are obtained when pin 1 sees a low im-
pedance. If pin 1 is connected to a 1.0kS2 divider, for example,
it should be bypassed to ground by a 0.01uF capacitor.

ANALOG OUTPUT CURRENTS

Both true and complemented output sink currents are pro-
vided, when Ig + Tg = Igs. Current appears at the “true”
output when a ‘1" is applied to each logic input. As the binary
count increases, the sink current at pin 4 increases propor-
tionally, in the fashion of a “positive logic” D/A converter.
When a “0"” is applied to any input bit, that current is turned
off at pin 4 and turned on at pin 2. A decreasing logic count
increases g as in a negative or inverted logic D/A converter.
Both outputs may be used simultaneously. If one of the out-
puts is not required it must still be connected to ground or to
a point capable of sourcing Igg; do not leave an unused output
pin open. :

Both outputs have an extremely wide voltage compliance
enabling fast direct current-to-voltage conversion through a
resistor tied to ground or other voltage source. Positive com-
pliance is 36V above V— and is independent of the positive
supply. Negative compliance is given by V— plus (Iggg * 1.0k2)
plus 2.5V.

The dual outputs enable double the usual peak-to-peak load
swing when driving loads in quasi-differential fashion. This
feature is especially useful in cable driving, CRT deflection and
in other balanced applications such as driving center-tapped
coils and transformers.




DAC-08
POWER SUPPLIES

The DAC-08 operates over a wide range of power supply voltages
from a total supply of 9V to 36V. When operating at supplies of
15V or less, Iger < TmA isrecommended. Low reference current
operation decreases power consumption and increases negative
compliance, reference amplifier negative common mode range,
negative logic input range, and negative logic threshold range. For
example, operation at —4.6V with Iggg = 2mA is not recom-
mended because negative output compliance would be reduced
to near zero. Operation from lower supplies is possible, however
at least 8V total must be applied to insure turn-on of the internal
bias network. -

Symmetrical supplies are not required, as the DAC-08 is quite
insensitive to variations in supply voltage. Battery operation is
feasible as no ground connection is required: however, an artificial
ground may be useful to insure logic swings, etc. remain between
acceptable limits.

Power consumption may be calculated as follows:

Pq = (14) (V+) + (14} (V=) + (2 IggF) (V=). A useful feature of
the DAC-08 design is that supply current is constant and inde-
pendent of input logic states; this is useful in cryptographic
applications and further serves to reduce the size of the power
supply bypass capacitors.

TEMPERATURE PERFORMANCE

The nonlinearity and monotonicity specifications of the DAC-08
are guaranteed to apply over the entire rated operating tempera-
ture range. Full scale output current drift is tight, typically
+10ppm/°C, with zero scale output current and drift essentially
negligible compared to 1/2 LSB.

Full scale output drift performance will be best with +10.0V

references as Vog and TCVpgs of the reference amplifier will be

very small compared to 10.0V. The temperature coefficient of

the reference resistor Ry4 should match and track that of the out-

put resistor for minimum overall ful! scale drift. Settling times of

the DAC-08 decrease approximately 10% at —55°C; at +125°C an
" increase of about 15% is typical.

SETTLING TIME

The DAC-08 is capable of extremely fast settling times, typically
86nsec at Iggg =2.0mA. Judicious circuit design and careful board
layout must be employed to obtain full performance potential
during testing and application. The logic switch design enables
propagation delays of only 35nsec for each of the 8 bits. Settling
time to within 1/2 LSB of the LSB is therefore 35nsec, with each
progressively larger bit taking successively longer. The MSB settles
in 85nsec, thus determining the overall settling time of 85nsec.
Settling to 6-bit accuracy requires about 65 to 70nsec. The output
capacitance of the DAC-08 including the package is approximately
15pF, therefore the output RC time constant dominates settling
time if R_ > 50082.

Settling time and propagation delay are relatively insensitive to
logic input amplitude and rise and fall times, due to the high gain
of the logic switches. Settling time also remains essentially
constant for IRgF values down to 1.0mA, with gradual increases
for lower Iggg values. The principal advantage of higher IRgp
values lies in the ability to attain a given output level with lower
load resistors, thus reducing the output RC time constant.

" Measurement of settling time requires the ability to accurately

resolve +4uA, therefore a 1kS2 load is needed to provide adequate
drive for most oscilloscopes. The settling time fixture of Fig. 12
uses a cascode design to permit driving a 1k§2 {oad with less than
5pF of parasitic capacitance at the measurement node. At IRep
values of less than 1mA, excessive RC damping of the output is
difficult to prevent while maintaining adequate sensitivity. How-
ever, the major carry from 01111111 to 10000000 provides an
accurate indicator of settling time. This code change does not
require the normal 6.2 time constants to settle to within 10.2%
of the final value, and thus settlmg times may be observed at
lower values of Iggr.

DAC-08 switching transients of “glitches’” are very low and may
be further reduced by small capacitive loads at the output at a
minor sacrifice in settling time.

Fastest operation can be obtained by usingshortleads, minimizing
output capacitance and load resistor values, and by adequate
bypassing at the supply, reference and V¢ terminals. Supplies
do not require large electrolytic bypass capacitors as the supply
current drain is independent of input logic states; 0.1uF capacitors
at the supply pins provide full transient protection.

METALLIZATION AND PAD LAYOUT

T ﬁJmLI ,T :::-)
. E .Ill 2) Vagr(+)
w ;.ij],_ﬁ Li“@r o

DIE SIZE: 0.068" X 0.088"

ORDERING INFORMATION*

Order Package Temperature
Number Type Range Nonlinearity
DAC-08AQ Ceramic DIP ~55t0 +125°C .+0.1%
DAC-08Q Ceramic DIP —55t0 +125°C +0.19% X
DAC-08AL Leadless -55to0 +125°C +0.1% |
DAC-08L Leadless -55to0 +125°C +0.19%
DAC-08HQ Ceramic DIP 0to +70°C ++0.1% ;
DAC-08EQ Ceramic DIP 0to +70°C +0.19% !
DAC-08CQ Ceramic DIP 0to +70°C +0.39%
DAC-08HL Leadless 0to +70°C +0.1%
DAC-08EL Leadless 0to +70°C +0.19%
DAC-08CL Leadless 0to +70°C +0.39%
DAC-08HN Plastic 0to.+70°C +0.1%
DAC-08EN Plastic 0to +70°C +0.19%
DAC-08CN Plastic 0to +70°C +0.39%
DAC-08AX -Dice —55t0 +125°C *0.1%
DAC-08X Dice -551t0 +125°C +0.19%
DAC-08HX Dice 0to +70°C +0.1%
DAC-08EX Dice 0to +70°C +0.19%
DAC-08CX Dice 0to +70°C +0.39%

*Also available with burn-in processing. To order add suffix.B
to part number.
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Am1508/1408 « SSS1508A/1408A

8-Bit Multiplying D/A Converter

Distinctive Characteristics

Improved direct replacement for MC1508/1408
+0.19% nonlinearity guaranteed over temperature
range
Improved settling time (SSS1508A/1408A)

250ns, typ.

Improved power consumption (SSS1508A/1408A)
157mW, typ.

Compatible with TTL, CMOS logic .

Standard supply voltage: +5.0V and ~5.0V to —15V

Qutput voltage swing: +0.5V to —5.0V

High speed multiplying input: 4.0mA/us

FUNCTIONAL DESCRIPTION

The SSS1508A/1408A, Am1508/1408 are 8-bit monolithic
multiplying Digital-to-Analog Converters consisting of a
reference current amplifier, an R-2R ladder, and eight high
speed current switches. For many applications, only a refer-
ence resistor and reference voltage need be added. Improve-
ments in design and processing techniques provide faster
settling times combined with lower power consumption while
retaining direct interchangeability with MC1508/1408 devices.

The R-2R ladder divides the reference current into eight
binarily-related components which are fed to the switches.
A remainder current equal to the least significant bit is always

shunted to ground, therefore the maximum output current is
255/256 of the reference amplifier inputcurrent. Forexample,
a full scale output current of 1.892mA would result from a
reference input current of 2.0mA.

The SSS1508A/1408A, Am1508/1408 is useful in a wide
variety of applications, including waveform synthesizers,
digitally programmable gain and attenuation blocks, CRT
character generation, audio digitizing and decoding, stepping
motor drives, programmable power supplies and in building
Tracking and Successive Approximation Analog-to-Digital
Converters. -

BLOCK DIAGRAM METALLIZATION AND PAD LAYOUT
. RANGE
MSB OA; OA3 OA; OA; OAs OA; OLSB CONTROL
R T A T T T T T T J "s GROUND COMP
RANGE o
CONTROL —_—— v
CURRENT SWITCHES —
Vaer(-)
TITI LTI |
VRer(+)
GND
R-2R LADDER BIAS CIRCUIT —% 'OUT .
VRer (9 ! | v Mi? LS8
"o L o Ag
VRer (=)
REFERENCE NPN CURRENT | COMPENSATION Az A7
CURRENT AMP SOURCE PAIR A; Ag
‘L As As
v 039198-1 DIE SIZE: 0.068" X 0.088" 039198-2
ORDERING INFORMATION* CONNECTION DIAGRAM
Part Package  Temperature Order Top View
Number Type Range Number D-16-1
HermeticDIP ~ 010+70°C  AM1408L8 P-16-1
Hermetic DIP 0to +70°C AM1408L7
Hermetic DIP Oto +70°C  AM1408L6 conthor C———C———7"] COMPENSATION
HermeticDIP  Oto +70°C  SSS1408A-8Q o' —
Amiaop  HemeticDIP 0o +70°C  SSS1408A7Q swol] 181 Vrer
Hermetic DIP Oto +70°C  SSS1408A-6Q v-s 1a[ ] Vaer
Plastic DIP 0to +70°C AM1408N8 .
Plastic DIP 0to +70°C  AM1408N7 ol 4 v
Plastic DIP Oto +70°C  -AM1408N6 mss A;] 5 12[] Ag LSB
Dice 0to +70°C LD1408
A s 1[4
Hermetic DIP —55to0 +125°C AM1508L8
Am1508 HermeticDIP  —55to0 +125°C SSS1508A-8Q 07 \ 1014
. o - 9
Dice —55t0 +125°C  LD1508 A As
*Also available with burn-in processing. To order, add suffix B to
the part number. Note: Pin 1 is marked for orientation. 039198-3

03919B-ANA




Am1508/1408 - SSS1508A/1408A

MAXIMUM RATINGS (Above which the useful life may be impaired)

(Ta= +25°C unless otherwise noted}

Power Supply Voltage

Power Dissipation (Package Limitation), Pp

v+ +5.5Vdc Ceramic Package 1000mW
A —16.5Vdc Derate above Tp = +25°C 6.7mW/°C’
Digital Input Voltage, Vg—V12 +5.5, 0Vdc Operating Temperature Range, Ta
Applied Output Voltage, Vo +0.5, —5.2Vdc SSS1508A-8, Am1508 —55°C 10 +125°C
Reference Current, 114 5.0mA . SSS1408A Series, Am1408 Series 0°C to +75°C

Reference Amplifier Inputs, V14, V15 Vce, VEE Vde

Storage Temperature, Tgtg —65°C to +150°C

~

ELECTRICAL CHARACTERIgTICS OVER OPERATING TEMPERATURE RANGE

V
(V+ =5.0V,V- = 15V, Rmf = 2.0mA, SSS1508A-8/Am1508L8: Tp = —55 to +125°C, SSS1408A/Am 1408 Series: Ta = 0to +75°C unless
14
otherwise noted: Al! digital inputs at high logic level.}
Parameters ) Description Test Conditions Min. Typ. Max. Units
Relative Accuracy )
SSS1508A-8, SSS1408A-8, Am1508L8, Am1408L8 +0.19
ER SSS1408A-7, Am1408L7 +0.39 % IFS
SSS1408A-6, Am1408L6 +0.78
Settling Time to within 1/2 LSB (includes tppH)
SSS1508A/1408A 250
tq Ta=+25°C ns
$ Am1508/1408 A 300
tPLH, tPHL Propagation Delay Time Ta=+25°C 30 100 ns
TClp Output Full Scale Current Drift +20 PPM/°C
Digital Input Logic Levels (MSB)
VIH High Level, Logic “'1"* 20
" Vdc
ViL Low Level, Logic “0”" 0.8
1 High L =5, 0.04
L] Digital Input Current (MSB) igh Level, Vi = 5.0V 0 mA
LT : Low Level, V| _=0.8V —0.002 -0.8
Reference Input Bias Current (Pin 15)
SSS1508A/1408A -1.0 -3.0
15 uA
Am1508/1408 —1.0 —56.0
-=— 0 20 21
Al Output Current Range v sov . mA
o V- = -7.0Vto -16V 0 2.0 42
o Qutput Current Vyef = 2.000V, R14=1000Q | 1.9 1.99 241 mA
10 (min.) Output Current {All Bits Low} 0 4.0 nA
Output Voltage Compliance V- =-5V —0.6, +0.5
Vo - Vde
(E; < 0.19% at Tp = +25°C) V- below —10V —5.0,+0.5
SRlef Reference Current Slew Rate 4.0 mA/us
PSSIp QOutput Current Power Supply Sensitivity 0.5 2.7 MA/V
Power Supply Current
I+ 2. 14
SSS1508A/1408A 5
1= —6.4 -13
= mA
¥
! Am1508/1408 25
- —6.4 -13
AV+ 4.5 5.0 5.5
Power Supply Voltage Range Ta=+25°C Vde
- 9¢ Hang A 45 | 15 | 165
Power Dissipation All Bits Low
- = -5.0Vdc 34 136 :
SSS1508A/1408A v~ = ~16vde 108 %5
All Bits High
V- = -5.0Vdc 34 '
Py V- = -15Vdc 108 |- mwW
All Bits Low
V- = -5.0Vdc 34 170
Am1508/1408 V™ = —15vde 108 305
All Bits High
V- = ~-5.0Vdc 34
V- = -15Vdc 108
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Am1508/1408 « SSS1508A/1408A

TYPICAL APPLICATIONS

USE WITH CURRENT-TO-VOLTAGE

RELATIVE ACCURACY TEST CIRCUIT
CONVERTING OP AMP

Ms8
A| N
A2 v
A3 Jeain 0T0 +10V ms8 T”
:5 co:«ﬁ%ﬁsn }i‘imﬂ A o—21 i m O VREE
Ag ERROR MAX) A2 0—:- 5 Pis Vagr = 2.0Vde
= SeTH mm [TL e
] ™®ag Arg A A S 4 $SS1508A = Ro = 5.0k
9 A1p A11 Atz S 50 9
S 5Ok ‘:5 —] $551408A 1 Ro
s O——1 SERIES 0
A7 o—1] (2 l .
A 12 4 2 v
'8 O——1 - & 0
Ls8 - : 3 —0
16 I_| 3 . *
150F _l BERAL
v~ - _
5 THEORETICAL Vo
5
z VREF A1 Az A3 Ajq Ag Ag A7 A
- s Amrace J Vo=—— (Ro)| —+ 24—, 2,28,76,77 .8
COUNTER 9 SSSaoen 2 4 8 16 32 64 126 256
10 SERIES
N ADJUST VREF, R14 OR Rg SO THAT Vo WITH ALL DIGITAL
2 INPUTS AT HIGH LEVEL IS EQUAL TO 9.961 VOLTS
1 1 1 1 1

2v 111
Vo =——(6k)|—+—+—+—+—— b — +—
1k 2 126 256
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Am1508/1408 - SSS1508A/1408A

GENERAL INFORMATION AND APPLICATION NOTES

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current ‘and a turn-around
circuit or current mirror for feeding the ladder. The reference
amplifier input current, 194 must always flow into pin 14 re-
gardless of the setup method or reference voltage polarity.

Connections for a positive voltage are shown on the previous
page. The reference voltage source supplies the full current
l14. For bipolar reference signals, as in the multiplying mode,
R1s5 can be tied to a negative voltage corresponding to the
minimum input level. It is possible to eliminate Ry5 with only a
small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with in-
creases in Ry4 to maintain proper phase margin; for R4 val-
ues of 1.0, 2.5 and 5.0 kilohms, minumum capacitor values are
15, 37, and 75pF. The capacitor may be tied to either V- or
ground, but using V— increases negative supply rejection.

A negative reference voltage may be used if Rq4 is grounded
and the reference voltage is applied to Ry5 as shown. A high
input impedance is the main advantage of this method. Com-
pensation involves a capacitor to V— on pin 16, using the val-
ues of the previous paragraph. The negative reference voltage
must be at least 4.0 volts above the V— supply. Bipolar input
signals may be handled by connecting R14 to a positive refer-
ence voltage equal to the peak positive input level at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5.0V logic supply is not recom-,
mended as a reference voltage. If a well regulated 5.0V supply*
which drives logic is to be used as the reference, R4 should
be decoupled by connecting it to +5.0V through another resis-
tor and bypassing the junction of the two resistors with 0.1uF to
ground. For reference voltages greater than 5.0V, a clamp
diode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor

current source, none of the above compensation methods

apply and the amplifier must be heavily compensated, de-
" creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE
The voltage on pin 4 is restricted to a range of —0.6 to +0.5
volts when V- = —5.0V due to the current switching methods

employed in the SSS1508A-8, Am1508.

The negative output voltage compliance of the SSS1508A-8,
Am1508 is extended to —5.0V where the negative supply volt-
age is more negative than —10 volts. Using a full scale current
of 1.992mA and load resistor of 2.5 kilohms between pin 4 and
ground will yield a voltage output of 256 levels between 0 and
—4.980 volts. Floating pin 1 does not affect the converter
speed or power dissipation. However, the value of the load re-
sistor determines the switching time due to increased voltage
swing. Values of Ry up to 500 ohms do not significantly affect
performance but a 2.5-kilohm load increases “worst case”
settling time to 1.2us (when all bits are switched on). Refer to
the subsequent text section on Settling Time for more details
on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2mA may be used only
for negative supply voltages more negative than —12.0 volts,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current level
with respect to its intended value, and is dependent upon rela-
tive accuracy and full scale current drift. Relative accuracy is
the measure of each output current level as a'fraction of the full
scale current. The relative accuracy of the SSS1508A-8,

- Am1508 is essentially constant with temperature due to the ex-

cellent temperature tracking of the monolithic resistor ladder.
The reference current may drift with temperature, causing a
change in the absolute accuracy of output current. However,
the SSS1508A-8 has a very low full scale current drift with
temperature.

The SSS1508A-8/Am1508 Series is guaranteed accurate to
within +1/2 LSB at a full scale output current of 1.992mA. This
corresponds to a reference amplifier output current drive to the
ladder network of 2.0mA, with the loss of one LSB (8.0nA)
which is the ladder remainder shunted to ground. The input
current to pin 14 has a guaranteed value of between 1.9 and
2.1mA, allowing some mismatch in the NPN current source
pair. The accuracy test circuit is shown on page 3. The 12-bit
converter is calibrated for a full scale output current of
1.992mA. This is an optional step since the SSS1508A-8,
Am1508 accuracy is essentially the same between 1.5 and
2.5mA. Then the SSS1508A-8, Am1508 circuits’ full scale cur-
rent is trimmed to the same value with Ry4 so that a zero value
appears at the error amplifier output. The counter is activated
and the error band may be displayed on an oscilloscope, de-
tected by comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of +1/2 of one part in 65,536 or +0.00076%, which
is much more accurate than the =0.19% specification provided
by the SSS1508A-8, Am1508.

M.ULTIPLYING ACCURACY

The SSS1508A-8, Am1508 may be used in the multiplying
mode with eight-bit accuracy when the reference current is
varied over a range of 256:1. If the reference current in the
multiplying mode ranges from 16uA to 4.0mA, the additional
error ‘contributions are less than 1.6uA. This is well within
eight-bit accuracy when referred to full scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
SSS1508A-8, Am1508 is monotonic for all values of reference
current above 0.5mA. The recommended range for operation
with a DC reference current is 0.5 to 4.0mA.

SETTLING TIME

The “worst case” switching condition occurs when all bits are
switched “on,” which corresponds to a LOW-to-HIGH transition
for all bits. This time is typically 250ns for settling to within =1/2
LSB, for 8-bit accuracy, and 200ns to 1/2 LSB for 7 and 6-bit
accuracy. The turn off is typically under 100ns. These times
apply when R <500 ohms and Cp <25pF.

The slowest single switch is the least significant bit. In applica-
tions where the D-to-A converter functions in a positive-going
ramp mode, the “worst case” switching condition does not
occur, and a settling time of less than 250ns may be realized.

Extra care must be taken in board layout since this is usually

the dominant factor in satisfactory test results when measuring
settling time. Short leads, 100uF supply bypassing for low fre-

‘quencies, and minimum scope lead length are all mandatory.




AmM2502/3/4 Family

Eight-Bit/Twelve-Bit Successive Approximation Registers

Distinctive Characteristics

Contains all the storage and control for successive
approximation A-to-D converters.

Provision for register extension or truncation.

Can be operated in START-STOP or continuous
conversion mode.

® Can be used as serial-to-parallel converter or ring
counters.

® Electrically tested and optically inspected dice for
the assemblers of hybrid products.

FUNCTIONAL DESCRIPTION

The Am2502, Am2503 and Am2504 are 8-bit and 12-bit TTL Suc-
cessive Approximation Registers. - The registers contain all the digital
control and storage necessary for successive approximation analog-to-
digital conversion. They can also be used in digital systems as the
control and storage element in recursive digital routines.

The registers consist of a set of master latches that act as the control
elements in the device and change state when the input clock is LOW,
and a set of slave latches that hold the register data and change on the
input clock LOW-to-HIGH transition. Externally the device acts as a
special purpose serial-to-parallel converter that accepts ~ata at the D
input of the register and sends the data to the appropriate slave latch
to appear at the register output and the DO output on the Am2502
and Am2504 when the clock goes from LOW-to-HIGH. There are no
restrictions on the data input; it can change state at any time except
during the set-up time just ptior to the clock transition. At the same
time that data enters the register bit the next less significant bit is set
to a LOW ready for the next iteration,

The register is reset by holding the S (Start) signal LOW during the
clock LOW-to-HIGH transition. The register synchronously resets to
the state Q5(11) LOW, (Note 2) and all the remaining register outputs
HIGH. The CC (Conversion Complete) signal is also set HIGH at this
time. The § signal should not be brought back HIGH until after the

clock LOW-to-HIGH transition in order to guarantee correct resetting.
After the clock has gone HIGH resetting the register, the 5 signal is
removed. On the next clock LOW-to-HIGH transition the data on the
D input is set into the Q4(11) register bit and the Qg(10) register bit is
set to a LOW ready for the next clock cycle. On the next clock LOW-
to-HIGH transition data enters the Qg(10) register bit and Qg(9) is set
to a LOW. This operation is repeated fos each register bit in turn until
the register has been filled. When the data goes into Qo, the CC signal
goes LOW, and the register is inhibited from firther change until reset
by a Start signal.

In order ta allow complementary conversion the complementary
output of the most significant register bit is made available. An active
LOW -enable input, E on the Am2503 and Am2504 allows devices to
be connected together to form a longer register by connecting the
clock, D, and_S inputs together and connecting the CC output of one
device to the E input of the next less significant device. When the Start
signal resets the register, the E signal goes HIGH, forcing the Q7{11) bit
HIGH and inhibiting the device from accepting data until the previous
device is full and its CC goes LOW. If only one device is used the E
input should be held at a LOW logic level (Ground). If all the bits are
not required, the register may be truncated and conversion_time saved
by using a register output going LOW rather than the CC signa! to
indicate the gnd of canversion.

LOGIC DIAGRAMS

O (2502, 2504)

Qqan Q101

(SEE NOTE)
Brs5 19101

Ost9)_1
o

s a 0s o : s o
o o
oo —P>oPro—
a R a
I 2 |

{3 _o>—
12503, 2500

67“0

Notes: 1. Celi logic is repeated for register stages. Qg to Q1 Am2502/3 Qg to Q1 Am2504.

2. Numbers in parentheses are for Am2504.

Lic-224
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Am2502/3/4 Family

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65to +150°C
Supply Voltage to Ground Potential Continuous -0.5t0 +7V
DC Voltage Applied to Outputs for High Output State -0.5 to +Vcg max
DC Input Voltage -0.5t0 +5.5V
Output Current, Into Outputs 30mA
DC Input Current —30to +5.0mA
ELECTRICAL CHARACTERISTICS over operating temperature and voltage ranges
Am2502/3/4 Am25L02/L03/L04
: Typ Typ
Parameters Description Test Conditions Min |(Note 1)) Max | Min [(Note 1)} Max | Units
Vee = MIN, Igy = —0.48mA 24 36 24 36 v
VoH Output HIGH Voltage Vi = Vi or Vi X . . X
Output LOW Voltage Vee = MIN, lgL = 9.6mA
VOL/ (Note 2) VIN =ViH or VIL 0.2 0.4 0.15 0.3 \J
! Guaranteed input logical HIGH
Vi Input HIGH Level voltage for all inputs 2.0 2.0 '
Guaranteed input logical LOW -
Vit Input LOW Level voltage for all inputs 08 07 \
Unit Load - B CP,D,S -1.0 | -16 -0.25 | —0.4
e Input LOW Current YCC = MAX, ViN = 0.4V E 15 | —2.4 —04 | —-06 mA
Unit Load CP,D 6.0 40 2.0 20
Vee = = 2. —
I Input HIGH Current ce = MAX, Vin = 2.4V ES 12.0 80 4.0 40 HA
Input HIGH Current Vce = MAX, VN = 5.5V 1.0 1.0 mA
lsc Output Short Circuit Current Ve = MAX, Vout = 0.0V -10 | -25 | —-45 } -40 | —-15 | -35 mA
XM 65 85 25 33
Am25(L)02
XC 65 95 25 35
1 P Supply Ci t Vi MAX Am25(L)03 XM €0 80 22 3! A
ower rren = m m
ce wer Supply u cc ) XC 60 | % 22 | 33
XM 90 110 30 42
Am25(L)04
XC 90 124 30 45
Notes: 1. Typical Limits are at Ve = 5.0V, 25°C ambient and maximum loading.
2. VoL (MAX) = 0.4V with total device fanout of less than 50 TTL Unit Loads (80mA). Otherwise, VoL (MAX) = 0.45V.
SWITCHING CHARACTERISTICS Tp = 25°C, Ve = +5.0V, CL = 15pF
) Am2502/3/4 Am25L02/3/4
Parameters Description Min Typ Max Min Typ Max | Units
\ Turn Off Delay CP to Output HIGH (except Q13, 611) 10 29 45 20 75 110 ns
pd+ Tum Off Delay CP 1o Q4 or Qg HIGH 10 35 50 30 100 | 140
tpd— Turn On Delay CP to Output LOW o 10 27 | 40 20 75 100 ns
15(D) Setup Time Data Input ' -10 4.0 10 -15 8.0 20 ns
t5(S) Setup Time Start Input 0 .90 16 0 20 25 ns
tpd + (E) Turn Off Delay E to Q7(11) HIGH Am2503/Am2504) 15 23 50 75
ar .ns
tpd—(E) | Tum On Delay E to Q7 (11) LOW Cp=H,S=L 20 30 60 75
towt (CP) | Minimum LOW Clock Pulse Width : 28 46 100 150 ns
towH(CP) | Minimum HIGH Clock Pulse Width 12 20 70 100 ns
fmax Maximum Clock Frequency 15 25 3.5 5.0 MHz

3-12




Am2502/3/4 Family

SWITCHING TIME WAVEFORMS
AT LEAST AT LEAST :
[ owHICP) .
KEY TO TIMING DIAGRAM
o F____\__—7[ oy
1(5) MAX --( 1SN WAVEFORM INPUTS OUTPUTS
Ly N ST ey MUST BE WILL BE
_LUI_/_LL : STEADY STEADY
15(D) MAX. (D} MAX.
LEMNG -_-‘ f=—t,(D} MIN. f—e 14(D) MIN.
5 ) A 15y
mAYCHanGE  WILLBE
FROMHTOL G
tpg- MAX tpas MA FROM HTO L
1 MIN.—=] t_—- e MIN -
o J\S\\AT ﬁL v
maycrance  WILLEBE
© FRoMLTOH  CHANGIN
toae MAX tpa-MAX.] FROM L TO H
Qgl I%L — 15V
DON'T CARE; CHANGING;
tpas MAX o MAX. ANY CHANGE TATE
PERMITTED UNKNOWN
00 WW [T 15v
(2502, 2604} BAAA Il
LIC-229
T ENABLE TO Q7 (11)
12503, 2504 /] Av 15V G~ HVHEN ENABLE CHANGES
' tpa+{E) MAX - (E) MAX.
DURING PREVIOUS CLOCK PERIOD. LIC-230

DEFINITION OF TERMS
SUBSCRIPT TERMS:

H HIGH, applying to a HIGH logic level or when used with V¢e
to indicate high Vg value.

I Input

L LOW, applying to LOW logic level or when used with Vgg to
indicate low V¢ value.

O Output

FUNCTIONAL TERMS:

Fan-Out The logic HIGH or LOW output drive capability in
terms of Input Unit Loads.

Input Unit Load One T2 L gate input load. In the HIGH state it
is equal to |y and in the LOW state it is equal to Ij_.

CP The clock input of the register.

CC The conversion complete output. This output remains HIGH
during a conversion and goes LOW when a conversion is complete.
D The serial data input of the register.

E The register enable. This input is used to expand the length of
the register and when HIGH forces the Q7(11) register output
HIGH and inhibits conversion. When not used for expansion the
:nable is held at a LOW logic level (Ground).

27(11) The true output of the MSB of the register. ~
37(11) The complement output of the MSB of the register.
J;i=7(11) to 0 The outputs of the register.

3 The start input. If the start input is held LOW for at least a
slock period the register will be reset to Q7(11) LOW and all the
emaining outputs HIGH. A start pulse that is LOW for a shorter
seriod of time can be used if it meets the set-up time require-
nents of the S input.

YO The serial data output. (The D input delayed one bit).
JPERATIONAL TERMS:
L Forward input load current.

~

S-1

lon Output HIGH current, forced out of output Vg test.

loL Output LOW current, forced into the output in Vg test.
iy Reverse input load current.

Negative Current Current flowing out of the device.

Positive Current Current flowing into the device.

Viy Minimum logic HIGH input voltage.

VL Maximum logic LOW input voltage.

VoH Minimum logic HIGH output voltage with output HIGH
current Igy flowing out of output. .

VoL Maximum logic LOW output voltage with output LOW cur-
rent lg flowing into output.

SWITCHING TERMS: ( Measured at the 1.5V logic level).

tog— The propagation delay from the clock signal LOW-HIGH
transition to an output signal HIGH-LOW transition.

toq+ The propagation delay from the clock signal LOW-HIGH
transition to an output signal LOW-HIGH transition.

tog—(E) The propagation delay from the Enable signal HIGH-
LOW transition to the Q7(11) output signal HIGH-LOW trans-
ition,

tpd+(E) The propagation delay from the Enable signal LOW-
HIGH transition to Q7(11) output signal LOW-HIGH transition.
ts(D) Set-up time required for the logic level to be present at the
data input prior to the. clock transition from LOW to HIGH in
order for the register to respond. The data input shou!d remain
steady between t; max. and tg min. before the clock.

ts(gl Set-up time required for a LOW level to be present at the
S input prior to the clock transition from LOW to HIGH in order
for the register to be reset, or time required for a HIGH level to
be present on S before the HIGH to LOW clock transition to
prevent resetting.

tow(CP)  The minimum clock pulse width (LOW or HIGH)
required for proper register operation.




Am2502/3/4 Family

H = HIGH Voltage Level
L = LOW Voltage Level
X = Don't Care

NC = No Change

Note: Truth Table for Am2504 is extended to include

Time Inputs Outputs
tn D S E Dg Q; Q5 Q5 Q4 Q3 0y O Oy T
0 X LL X X X X X X X X X X
1 Dy HL X L H H H H H H HH
2 DgHL DDy L H H H H H HH
3 Dg HL DgD;DglL H H H H H H
4 DgHL DgDy;DgDgL H H H H H
5 Dz HL D4yD;yDgDgDygL H H H H
6 D, HL D3 D; DgDg Dy Dz L H H H
7 Dy HL Dy Dy Dg Dg Dy D3 Dy L H H
8 Dy HL Dy D; Dg Dg Dg D3 Dy Dy L H
9 X HL Dy Dy Dg Dg Dy D3 Dy Dy Dg L
1 X XL X D; Dg Dg Dy D3 Dy Dy Dg L
X X H X H NC NC NC NC NC .NC NC NC

USER NOTES FOR A/D CONVERSION

1.

The register can be used -with either current switches
that require a low voltage fevel to turn the switch on,
or current switches that require a high voltage level to
turn the current switch on. If current switches are used
which turn on with a low logic level the resulting digital
output from the register is active LOW. That'is, a logic
1" is represented as a low voltage level.If current swit-
ches are used that turn on with a high logic level then
the digital output is active HIGH; a logic 1" is repre-
sented as a high voltage level.

For a maximum digital error of +%2LSB the comparator
must be biased. |f current switches that require a high
voltage level to turn on are used, the comparator should
be biased +%LSB and if the current switches require a
high logic level to turn on then the comparator must be
biased —%LSB.

The register, by suitable selection of resistor ladder net-
work, can be used to perform either binary or BCD
conversion. Additional data input gating should be used to
eliminate the possibility of false BCD codes.

The register can be used to perform 2's complement
conversion by offsetting the comparator % full range
+% LSB and using the complement of the MSB Qy
(Qq1) as the sign bit.

If the register is truncated and operated in the continuous

12 outputs. conversion mode a lock-up condition may occur on power-
on. This situation can be overcome by making the
START input the OR function of CC and the appropriate
register output. -
Am25(L)02/3 TIMING CHART
INPUTS START I :
o T 1 LT 1 P N E
Q7 I
% ] 1 [
Qg | 1
e | | I
Q3 ___] 1
QUTPUTS .
Q2 I l_,
o ] {
o ] L1
A | L
vo ] ] ] ] | ] ] I L | L

LIC-231




- Am2502/3/4 Family

Am2502/3 LOADING RULES (IN UNIT LOADS) Am2504 LOADING RULES (IN UNIT LOADS)
Input Fanout Input Fanout
Pin Unit Load QOutput Output Pin Unit Load Output Output
Input/Output  No.'s LOW HIGH HIGH LOwW Input/Output No.'s LOW HIGH HIGH LOW
E (2503) 1 1.5 2 - — E 1 1.5 2 - -
DO (2502) 1 - - 12 6 DO 2 — - 12 6
cC 2 - - 12 6 cC 3 - — 12 6
Qo 3 - - 12 6 Qq 4 - - 12 6
Q 7] - - 12 6 Q, 5 - - 12 6
Q, 5 — - 12 6 Q, 6 - - 12 6
Q3 6 - — 12 6 Q, 7 - 12 6
D 7 1 1 — — Q, 8 - - 12 6
GND 8 - — - 05 9 - - 12 6
cP 9 1 1 - NC 10 - - - -
3 10 1 2 _ — D - 1 1 1 - i
Q, 1 - - 12 6 GND 12 - - - -
Qg 12 - = 12 6 cp 131 1 - -
Qg P - 12 6 3 1“1 2 -
Q, 14 - - 12 6 NC 15 - _ — _
a, 15 - - 12 6 Qg 16 - - 12 6
Vee 16 _ — _ — 07 17 - - 12 6
Q 1 — - 12 6
MSI INTERFACING RULES 8 8
Equivalent Qq 19 - - 12 6
Input Unit Load _ _
Interfacing Digital Family HIGH LOwW Q19 20 12 6
Qy, 21 - - 12 6
Advanced Micro Devices 9300/2500 Series 1 1 NC 22 - - - -
FSC Series 9300 1 1 5” 23 — — 12 6
Advanced Micro Devices 54/7400 1 1 Vee 24 — = = —
TI Series 54/7400 1 1
Signetics Series 8200 2 2 RIGH ant 1 BmA messured ot 0.4V LoW. 1 Toored at 24V
National Series DM 75/85 1 1
DTL Series 930 12 1 NC = No Connection

INPUT/OUTPUT INTERFACE CONDITIONS

Voltage Interface Conditions — LOW & HIGH

30

[~ MINIMUM LOGIC
H “HIGH” OUTPUT
VOLTAGE

»
2
5
=]
>
1
q 22f Viey
S 20| -
o NOISE MINIMUM LOGIC
o 8 IMMUNITY “HIGH" INPUT
2 16 {High level) VOLTAGE
: 14}
1<}
> 12
5
g o Vi,
£ 08[- MAXIMUM LOGIC
5 osl “LOW"OUTPUT MAXIMUM LOGIC
& VOLTAGE LOW" INPUT
5 o4 VOLTAGE
o NOISE
021- IMMUNITY

(Low tever)

DRIVING DEVICE DRIVEN DEVICE

Vo, ViH,
o—+ o0 ~——————— o— —o
Vou, Vig.
DRIVING DRIVEN
DEVICE DEVICE

Current Interface Conditions — LOW

OUTPUT DRIVING INPUT LOAD
‘LOW DRIVENLOW
TP
Vee outeut : LoAD

I
!

OFF : o
|

[ ON

|
ON |
|

[

Current Interface Conditions — HIGh

OUTPUT DRIVING INPUT LOAD .
"HIGH" DRIVENHIGH

GND =

v,

cC

lon

GND T
LIC-232




Am2502/3/4 Family

Am2502/3/4 APPLICATION
Continuous Conversion Analog-to-Digital Converter

S

GND L] B
€ Am2504 oo SERIAL DATA OUT
C___I.OCK cP 12BIT SAR o S — CONVERSION

. cc
Q1101905 Qg & » ¢ o 030, 0y Qg COMPLETE

PARALLEL
} ooama
out

COMPARATOR

AME012/6022 \ N
/ Am311

ANALQG INPUT ———— -

This shows how the Am2502/3/4 registers are used with a Digital-to-Analog converter and a comparator to form a very high-speed con-
tinuous conversion Analog-to-Digital converter. Conversion time is limited mainly by the speed of the D/A converter and comparator with
typical conversion rates of 100,000 conversions per second. Lic-233

'

Metallization and Pad Layouts

Am2502 Am2503 Am2504

7\

4

¥

=
s

DIE SIZE 0.087 X 0.105" DIE SIZE 0.087"* X 0.105"" DIE SIZE 0.087" X 0.135"
ORDERING INFORMATION*
Order Order Package Temperature
Number Number Type Range Bits

Am2502DM Am25L02DM Hermetic DIP -55 to +125°C 8
Am2503DM Am25L03DM Hermetic DIP —-55to +125°C 8
Am2504DM Am25L04DM Hermetic DIP —551t0 +125°C 12
Am2502FM Am25L02FM Flat Package —-551t0 +125°C 8
Am2503FM Am25L03FM Flat Package. —55to +125°C 8
Am2504FM AM25L04FM Flat Package —55to +125°C 12
Am2502XM Am25L02XM Dice —55to +125°C 8
Am2503XM Am25L03XM Dice —55to0 +125°C 8
Am2504XM Am25L04XM Dice —55to +125°C 8
Am2502DC Am25L02DC Hermetic DIP 0to +70°C '8
Am2503DC Am25L03DC Hermetic DIP Oto +70°C 8
Am2504DC Am25L04DC Hermetic DIP 0to+70°C 12
Am2502PC Am25L02PC Plastic Oto +70°C 8
Am2503PC Am25L03PC Plastic 0to +70°C 8
Am2504PC Am25104PC Plastic 0to +70°C 12
Am2502XC . Am25L02XC Dice 0to +70°C 8
Am2503XC Am25L03XC Dice Oto +70°C 8
Am2504XC Am25L04XC Dice .0to +70°C 12

*Also available with burn-in processing. To order add suffix B to part number.




AMB012/6012A «

Am6022/6022A

12-Bit High and Ultra-High Speed Multiplying D/A Converters

DISTINCTIVE CHARACTERISTICS

e All grades 12-bit monotonic over temperature
o Differential nonlinearity to +0.012% (13 bits) max over
temperature (A grades)
® Fast settling output current:
75ns (Am6022/A)
250ns (Am6012/A)
o Full scale current: 4mA

® High output impedance and compliance: —5to +10V
e Differential current outputs
Low cost
High-speed multiplying capability
Direct interface to TTL, CMOS, ECL, HTL, NMOS
Low power consumption:

230mW (Am6012/A)

500mW (Am6022/A)

GENERAL DESCRIPTION

The Am6012/6022 series of 12-bit monolithic multiplying
digital-to-analog converters represent new levels of speed, ac-
curacy and low cost. The Am6012 and its high-performance,
pin-compatible twin, the Am6022 are the first 12-bit DACs to be
built.using standard processing without the need for thin-film
resistors or active trimming.

The Am6012/6022 design guarantees a more uniform step size
than is possible with standard binarily weighted DACs. This
+1/2 LSB differential nonlinearity is desirable in many applica-
tions where local linearity is critical. The uniform step size
allows finer resolution of levels and in most applications is
more useful than conformance to an ideal straight line from
zero to full scale.

The Am6012/6022 have high voltage compliance, high imped-

ance dual complementary outputs which increase their
versatility and enable differential operation to effectively double

the peak to peak output swing. These outputs can be used
directly without op amps in many applications. The dual com-
plementary outputs can also be connected in A/D converter
applications to present a constant load current and significantly
reduce switching transients and increase system throughput.
Output full scale current is specified at 4mA, allowing use of
smaller load resistors to minimize the output RC delay which
usually dominates settling time at the 12-bit level.

The Am6012/6022 series guarantees full 12-bit monotonicity for
all grades and differential nonlinearity as tight as 0.012% (13
bits), for the A grades and 0.025% (12 bits) for the standard
grades over the entire temperature range. Device performance
is essentially independent of power supply voltage, and
devices work over a wide operating range from +5 and, —12V
to =18V. . '

FUNCTIONAL DIAGRAM
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AMPLIFIER COMP V- 00687B-1

ORDERING INFORMATION

Package Temperature Differential Am6012 Am6022
Type Range Nonlinearity Order Number Order Number
Ceramic DIP 5510 +125°C +0.012% AM6012ADM AMB022ADM
Ceramic DIP 5510 +125°C +0.025% AME012DM AMB0220M
Ceramic DIP 0to +70°C £0012% AMBO12ADC AmBO022ADC
Ceramic DIP 0to +70°C +0.025% AMB012DC AME022DC
Plastic DIP 010 +70°C +0.012% AME012APC AMB022APC
Plastic DIP 0to +70°C =0.025% AMB012PC AME022PC
Leadless Chip-Carrier -5510 +125°C +0.012% AM6012ALM AMB022ALM®*
Leadless Chip-Carrier —5510 +125°C %0.025% Am6012LM AmB022LM**
Leadless Chip-Carrier 0to +70°C £0.012% AmEG12ALC AmBO22ALC*
Leadless Chip-Carrier 0to +70°C +0.025% Am6012LC Am6022LC**
Dice ~5510 +126°C +0.012% AmMB012AXM AmE022AXM*"
Dice -5510 +125°C 0.025% AmB012XM AmB022XM**
Dice 0to +70°C *0.012% Am6012AXC AmB022AXC
Dica 0to +70°C +0.025% AmB012XC Am6022XC

*Also available with burniin processing. To order, add suffix B to part number.
**To be announced.

CONNECTION DIAGRAMS — Top Views
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Am6012/6012A + Am6022/6022A

Am6012/6012A
MAXIMUM RATINGS (above which useful life may be impaired)

Operating Temperature ' Power Supply Voltage +18V
Am6012ADM, Am6012DM —55t0 +125°C | Logic Inputs —51o0 +18V
Am6012ADC, Am6012DC 0to +70°C | Analog Current Outputs -8to +12V

Storage Temperature —65to +125°C | Reference Inputs Vq4, V45 V-toV+

Lead Temperature Reference Input Differential Voltage (V44 to V45) *+18V

(Soldering, 60sec) 300°C | Reference Input Current (l14) 1.25mA

ELECTRICAL CHARACTERISTICS

These specifications apply for V¥ = +15V,V~ =

—15V, Iggr = 1.0mA, over the operating temperature range unless otherwise specified.

Am6012A Am6012
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
i i - - +.012 - - =,
DN.L. D'"e'?m'a|. Deviation from ideal step size *0 025 %FS
Nonlinearity 13 - - 12 - - Bits
N.L. " Nonlinearity Deviation from ideal straight line - - +.05 - - +0.05 %FS
VREF = 10.000V
Irg Full Scale Current Ry4 = Rys = 10.000k0 3967 | 3999 | 4.031 3935 | 3.999 4.063 mA
Ta = 25°C :
- +5 +20 - *10 *40 m/°C
TClgg Full Scale Tempco P
- +.0005 +.002 +.001 +.004 | %FSI°C
D.N.L. Specification guaranteed .
Voc OCL?’ ‘::1 Ii\lacr:‘ltage over compliance range -5 - +10 -5 - +10 Volts
pliance Royt > 10 megohms typ.
Fult Scale —_—
IEss Symmetry s - Irs - +02 *1.0 - +04 *20 pA
Izs Zero Scale Current - - 0.10 - - 0.10 pA
ts ,Settling Time To =1/2 LSB, all bits ON or OFF, T = 25°C - 250 500 - 250 500 nsec
tpLH Propagation _ -
torL Delay — al bits 50% to 50% 25 50 25 50 nsec
Cout Output Capacitance - 20 - - 20 - pF
ViL Logic Logic “0" - - 0.8 - - 08
Input —— Volts
ViH Levels Logic “1" 20 - - 20 - -
hN Logic Input Current ViN = =510 +18V - - 40 - - 40 kA
Vis Logic Input Swing V- = -8V -5 - +18 -5 - +18 Volts
Reference Current
IREF Range 02 1.0 1.1 02 1.0 11 mA
Iis Reference Bias Current 0 —05 20 o -05 —20 sA
Reference Input Ry4(eq) = 800Q _ ~
dl/dt Slew Rate CcC = 0pF , 4.0 8.0 4.0 8.0 mA/us
PSSlgsy | Power Supply V+ = +13.5V to +16.5V, V- = —15V - £.00005 | +.001 - +0.0005 | +.001 P
g oFSI%
PSSlpg_ | Sensitivity V- = -135Vto ~16.5V, V+ = +15V - +.00025 | =.001 - £.00025 | +.001
V+ Power Supply 45 - 18 45 - 18
7 =0V Volts
V- Range ouT Zi8 - “108 | -18 - ~108
I+ - 57 8.5 - 5.7 8.5
V+ = +5V, V- = —15V
- Power Supply - -13.7 -18.0 - -13.7 ~18.0 mA
I+ Current 57 85 - 5.7 8.5
V+ = +15V, V- = —15V
= - -13.7 -18.0 - -13.7 -18.0
Power V+ = +6V, V= = ~15V - 234 312 - 234 312
Pp Dissipati - mwW
issipation V+ = +15V, V- = —15V - 291 397 - 291 397
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Am6012/6012A « Am6022/6022A

Am6022/6022A
MAXIMUM RATINGS (above which useful life may be impaired)

Operating Temperature Power Supply Voltage +18V
Am6022ADM, Am6022DM -55 to +125°C | Logic Inputs —5toV+
Am6022ADC, Am6022DC 0to +70°C | Analog Current Outputs -8to +12V

Storage Temperature —65 to +125°C | Reference Inputs Vy4, V45 V-toV+

Lead Temperature Reference Input Differential Voltage (V44 to Vy5) +18V

(Soldering, 60sec) 300°C | Reference Input Current (114) 1.25mA

ELECTRICAL CHARACTERISTICS

These specifications apply for V¥ = +15V, V= = —15V, Iger = 1.0mA, over the operating temperature range unless otherwise specified.
Am6022A Am6022
Parameter Description Test Conditions Min, Typ. . Max. Min. Typ. Max. Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
Differential - 5 - - +.012 - - +.025 %FS
D.N.L. Nonlinearity Deviation from ideal step size = — — v = — B
N.L Nonlinearity Deviation from ideal straight line - *0.012° - - +0.025 - %FS
VREef = 10.000V
Ies Full Scale Current R4 = Ry5 = 10.000k(2 3.967 3.999 mA
Ta = 25°C
TC! Full Scale T - =8 pomrC
ull Scale Tempco
Fs s - £.0005 %FSFC
D.N.L. Specification guaranteed 2 o 5
Voc OCU tput"\/oltage over compliance range 25, ! s > +10 Voits
ompiiance Rour > 10 megohms typ. o
Full Scale — : i _ -
IFss Symmetry ks~ IFs - =04 uA
Izs Zero Scale Current 0.10 - - 0.10 - HA
ts Settling Time - 75 - - 75 - nsec
tPLH - 10 - - 10 - nsec
tPHL
Cour - 10 - - 10 ~ pF
\ - - 0.8 - - 08
1t Volts
Vin 2.0 = - 2.0 - -
N Logigiinput Current ViN = —5t0 +15 - - 40 - - 40 pA
Vis Logic Input Swing V- = -15V -5 - +15 -5 - +15 Volts
Reference Current ’ :
V, =0V . . 1.1 11 A
IREF Aange REF(-) 0.2 1.0 1.1 0.2 0 m,
Ls Reference Bias Current . 0 -05 -2.0 [} -05 -20 A
Reference Input Ry4(eq) = 8000 _ _ _
di/at Slew Rate €C = OpF 16.0 16.0 mA/us
PSSlgg 4 Power Supply V+ = +13.5V 1o +16.5V, V- = —15V - +.00005 - +0.0005 HESI%
S tFSI%
PSSlEg. Sensitivity V- = —13.5V 10 —16.5V, V+ = +15V - +.00025 - +.00025
V+ Power Supply 45 - 18 45 - 18
Vi =0V Volts
v~ Range our —18 - —108 | -18 - -108
I+ : - " - 1 -
V+ = +5V, V- = —15V
I~ Power Supply - —24 - - —24 - A
1+ Current 13.0 - - 13.0 -
V+ = +15V, V- = —15V
- - ~24 - - -24 -
P Power V+ = +5V, V- = —15V - 415 - - 415 - W
D Dissipation V4 = +15V, V= = —15V - 555 - - 555 -
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Am6012/6012A - Am6022/6022A

ACCURACY SPECIFICATIONS

The design of the 6012/22 emphasizes differential linearity
which is a measure of the uniformity of each step in the transfer
characteristic. The circuit design, described in greater detail on
page 6, requires resistor matching and tracking tolerances of 8
times lower than that of previous designs to achieve and
maintain monotonicity over temperature. This advantage has
been used in the 6012A/22A to provide 13-bit differential
nonlinearity over temperature, a level of performance not
generally available in previous designs, even when using thin
film resistors. ’

The figures illustrate that +1/2 LSB (13-bit) differential non-
linearity guarantees a converter with 4096 distinct output levels.
+1 LSB D.N.L. guarantees monotonicity, so that when the input
code is increased the output will not decrease. Note that non-
linearity, or deviation from an ideal straight line through zero and
full scale, cannot be visually determined from the figures. In
most applications, 12-bit resolution and differential linearity are
more important than linearity. This is especially true in video and
graphics, where the human eye has difficulty discerning non-
linearity of less than 5%.

DIFFERENTIAL NONLINEARITY
WORST CASE AT TEMPERATURE EXTREME

lout

lout

. DIGITAL INPUT ——
+1/2 LSB DNL (+.012% OR 13 BITS)

DIGITAL INPUT ——
=1 LSB DNL (+.025% OR 12 BITS)

00687B-4

METALLIZATION AND PAD LAYOUT

Am6012
By B, 8, (MSB) V* Tg
3 2 1t 2 19

s
e 4]
[ = — 18 Ig
By 4 — = =
] la tdlf
— %
R
ma i
y &
o ——— H(
iS5
& — 17 V™
Bs 5 —
r 16 COMP
B 6 — 1 — 15 VRer(-)
s
o il gt
tyl
Bg 8 — i F(? — 14 VRer(+)
% QB!
599__._-‘“ FF“ - .
, 1T _
. 0 1 12 13
Bio By1 By2(LSB) GND/Vic 00687B-5

Am6022
By B, By(MSB) V+ Tg
a2 1 20 19
lo
B, 4
v
Bs 5
Bg ' 6
COMP
B, 7
VREF(-)
Bg 8
By 9
“_ | VREF(+)
10 N 12 13
Byg By Byp(LSB) GND/V|¢ 006878-6

DIE SIZE 0.093” X 0.134"
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, Am6012/6012A « Am6022/6022A

1. Reference current and reference resistor. l——-l
There is a 1 to 4 scale factor between the reference current
(lrer) and the full scale output current (Igg). If VRgg = +10V Ryq comp v-
and lgg = 4mA, the value of the Ry is: VREF(+) lo
4 x 10 Volt v Ameniaraz T
— 0
== 10k0 Ris = Rys s ReFe wocarr

APPLICATION HINTS: cf_}_

o +Tp = Igg
FOR ALL INPUT CODES

14

2. Reference amplifier compensation. (Am6012)
For AC reference applications, a minimum value compensa-
tion capacitor (C¢) is normally used. The value of this
capacitor depends on the equivalent resistance at pin 14. The
values to maximize bandwidth without oscillation are as fol-

lows: Reference Amplifier = - Output Voltage

Frequency Response Compliance
ALL BITS ON

_ MINIMUM SIZE 6 —
COMPENSATION CAPACITOR . o (e T
(IFS = 4mA, lHEF = 1.0mA)

R4 (Eq) KO) Cc (pF)
10 50

5 25

2 10 SMALL SIGNAL 1% /
1 5 _¢| MODULATION OF 2mA
5

6.0

LARGE SIGNAL +50%
-2} MODULATION OF 4mA " _| L
FULL SCALE CURRENT __|
N TR

20

RELATIVE OUTPUT — dB

OUTPUT CURRENT — mA

FULL SCALE CURRENT
0 el Cornn 0 :
o1 0.1 10 10 -0 -5 o 5 10
FREQUENCY — MHz OUTPUT VOLTAGE — VOLTS
0068788 006878-9

Note: A 0.01xF capacitor is recommended for fixed reference operation.

REFERENCE AMPLIFIER BIASING

AmB012/22

[ —

REFERENCE
AMPLIFIER

to +70 = tes

FOR ALL INPUT CODES

16
¢ J_ 22uF TANTULUM N
T_Cc— (NOTE5)

220 T 1:

01

.|H

v vt 006878-10
Reference Configuration R4 Rys Rin Cc IREF
Positive Reference VR+ ov N/C .01uF Vr+/Ryg
Negative Reference oV VRp— N/C .01uF ~Vg-/Ryg

Lo Impedance Bipolar (Note 1) (VR+/R14) + (VIN/RIN)
Reference Am6012 (Note 2)

(Note 1) (VR+ — ViIN)/Rq4
Am6012 (Note 3)

No
Cap

VR+ ov Vin

Hi Impedance Bipolar

Reference VR+ VIN N/C

Pulsed Reference (Note 4) VR+ ov Vin (VR+/R14) + (VINRiN)

Notes: 1. The compensation capacitor is a function of the impedance seen atthe +Vggr input and must be at least C'= 5pF x Ry4(¢q)in kQ2. For
R14 < 8000 no capacitor is necessary.

. For negative values of V|y, Vr4+/Ry4 must be greater than —V,y Max/Ry so that the amplifier is not turned off.

. For positive values of V|y, VR+ must be greater than Viy Max so the amplifier is not turned off.

. Forpulsed operation, Vg + provides a DC offset and may be setto zero in some cases. The impedance at pin 14 should be 80002 or less.

. For optimum settling time, decouple V- with 20Q) and bypass with 22uF tantulum capacitor.

oA ON
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Am6012/6012A < Am6022/6022A

5.000k02 2.000mA
AAA —_—
VWA
RoFF
Ry Ry
WA
fre e t
10k .
;‘EOFV —VWv VREF(+) c - v
: Am6012/22 op AMP j-our
—A——{ VReF(-) d +
Ris
a 10k B, Bz
g9 Ry
OPTIONAL
(SEE CODE TABLE)
_ Veer MSB LS8 =
147 TomA
VREF
RoFF = 5 oma 006878-11
MSB LsB| o T
CODE FORMAT CONNECTIONS OUTPUT SCALE 81 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12| (mA) | (mA) Vour
Positive full scale 1t1 1111111 1 1 1 13999 .000 { 9.9976
Straight binary; one Positive fullscale —LSB [ 1 1 1 1 1 1 1 1 1 1 1 0 [3998]| .001 [ 9.9951
polarity with true input a-c Zero scale 000O0OOOODO O 0 0 .000 | 3.999 .0000
\ code, true zero output. b-g
R1 = R2 = 25K
UNIPOLAR -
" Positive full scale 000O0OCOOOO O [} 0 .000 | 3.999 | 9.9976
! tary bi s
S::'s;;"ﬁf;' . nary; Positive full scale —LSB | 0 0 0 0 0 0 0 0 0 O O 1 | .001 |3998 | 9.9951
complementary input :3 Zero scale 111 1t 1t 11 1 1 1 1 1 3.999 .000 .0000
code, true zero output. A1 = R2 = 2.5K
Positive full scale 1111 1 11 11 1 1 1 |3.999 .000 9.9976
5 it . . Positive full scale — LSB 1.1 1 1 ‘1 11 11 1 1 0 |3.998 .001 9.9927
Straight offset binary; ac (+) Zero scale 10000000 O 0O O O |2000]199 | .0024
offset halt scale, b-d (-) Zero scale 011111111 1 1 1 |1.9909 2000 |-.0024
symmetrical about zero, tg Negative full scale ~LSB | 0 0 0 0 0.0 0 0 0 0 O 1 | .001|3998 |-9.9927
na true zero output. R1 = R3 = 2.5K | Negative full scale 00000.0.000 O O O .000]3999 (~99976
.SYM- R2 = 1.25K
METRICAL
OFFSET ‘s complement: Positive full scale 011111111 1 1 1 |3999/ .000 | 99976
o et h:h‘ scale. Positive tull scale — LSB o1 1 1 111 11 1 1 0 [3.998 | .001 | 99927
s'mmelrioal ab<;ul zer0. a-c (+) Zero scale 00 0O0OOOOT O O 0 0 12.000 | 1.999 |- .0024
n{) true zero output ' b-d (—) Zero scale 111 1 1 1 1 11 1 1 1 1.999 | 2.000 | —.0024
MSB complemented f-g9 Negative fullscale —LSB |1 0 0 0 0 0 0 0 O O 0 1 .001 | 3.998 {-9.9927
. P R1 = R3 = 2,5K | Negative full scale 1 0000O0O0OTO0C O 0 [} .000 | 3.999 |-9.9976
(need inverter at B1). R2 = 1.25K . R
Positive full scale O T E T R N NS R B 1 1 13.999 | .000 | .9.9951
Positive full scale ~ LSB 1111 1t 1 1 11 1 1 0 |3.998 .001 9.9902
Offset binary; e-a-c +'LSB 100000O0O0O O 0 1 2.001 | 1.998 .0049
offset half scale, b-g Zero Scale 10 0 00O0O0OOCO O 0 0 | 2000 | 1.999 .000
true zero output. R1 = R2 = 5K - LSB o111 11111 1 1 1 1.999 | 2.000 | —.0049
OFFSET Negative fullscale +LSB | 0 0 0 0 0 0 0 0 0 O O 1 .001 | 3.998 |-9.9951
WITH Negative full scale 0 0O0O0OO0COOO O 0 0 .000 | 3.999 |-10.000
TRUE Positive full scale 01 1111111 1 1 1 [39%9]| .006| 99951
ZERO 2's complement; Positive full scale — LSB o111t 11111 1 1 o |3.998 001 9.9902
. offset half scale e-a-C +1LsB 000O0OO0OOOTOCO O 0 1 |2.001 | 1.998 0049
true zero output b-g Zero scale 000O0O0OOCOOO O O O [2000|1.999 .000
MSB complemented R1=R2=5K |-1LSB 111 1 1 1 1 11 1 1 1 [1999 |2000 | —0.049
(need inverter at B1). Negative full scale +LSB |1 0 0 0 00 C 0 0 0 0 0 1 .001 | 3.998 |-9.9951
Negative full scale 100000O0O0O0OCO O 0 [+] .000 | 3.999 |-10.000

ADDITIONAL CODE MODIFICATIONS

1. Any of the offset binary codes may be complemented by reversing the output terminal pair.
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Am6012/6012A - Am6022/6022A

SEGMENTED DAC DESIGN INFORMATION

The design of a 12-bit D/A converter has traditionally required
precision thin film resistors, a trimming method, and a binarily
weighted ladder network. The 6012/22 is a 12-bit DAC which
uses diffused resistors-and requires no trimming, cutting, blow-
ing, or zapping to guarantee monotonicity for all grades over the
temperature range. A proprietary design technique, departing
from the traditional R-2R approach used in virtually all high
speed high resolution converters, provides inherent monoto-
nicity and differential linearity as high as 13 bits. This guarantees
a more uniform step size over the temperature range than avail-
able trimmed 12-bit converters. The converter's performance is
immune to variations in temperature, time, process, and
mechanical stress. The circuit also features differential high
compliance current outputs, wide supply range, and a multiply-
ing reference input.

In most converter applications, uniform step size is more impor-
tant than conformance to an ideal straight line. Most 12-bit con-
verters are used for high resolution rather than high linearity,
since few transducers are more linear than +0.1%. All classic
binarily weighted converters require =1/2 LSB (+.012%) linear-
ity in order to guarantee monotonicity, which requires very tight
resistor matching and tracking. This new circuit uses conven-

tional bipolar processing to achieve high differential linearity and

monotonicity without requiring correspondingly high linearity, or
conformance to an ideal straight line.

One design approach which provides monotonicity without re-
quiring high linearity is the MOS switch-resistor string. This cir-
cuit is actually a full complement to a current switched R-2R
DAC since itis slower, has a voltage output, and if implemented
at the 12-bit level would use 4096 low tolerance resistors rather
than a minimum number of high tolerance resistors as in the
R-2R network. Its lack of speed and density for 12 bits are its
drawbacks.

The technique used in the Am6012 combines the advantages of
both the R-2R and 2"R approaches. It is inherently monotonic,
fast, and uses untrimmed resistors which are actually fewer in
number than the classic R-2R ladder.

In.order to properly describe the new design technique, the stan-
dard R-2R ladder approach used in previous 12-bit DAC’s will first
be discussed. Figure 1 shows the twelve-bit currents which are

" used in all possible binary combinations to generate 4096 analog
output levels. The resistor ladder tolerance is most critical for the
major carry, where the 11 least significant bits turn off and the
most significant bit turns on. If the MSB is more than 1uA low, or
—.05%, the converter will be nonmonotonic. Table 1 shows the
maximum tracking error which can be allowed overa 100°C range
to maintain monotonicity, which is =1 LSB D.N.L. Achieving +1/2
LSB differential nonlinearity is especially difficult since it requires
a tracking temperature coefficient of +1.25 ppm/°C.

Figure 2 shows the transfer characteristic for the new technique, .

called the segmented DAC. The 4096 output levels are com-
posed of 8 groups of 512 steps each. Each step group is gener-

ated by a 9-bit DAC, and each of the segment slopes is deter-
mined by one of 8 equal current sources, as shown in Figure 3.
The resistors which determine monotonocity are in the 9-bit DAC.
The major carry of the 9-bit DAC is repeated in each of the 8
segments, and requires eight times lower initial resistor accuracy
and tracking to maintain a given differential nonlinearity over
temperature.

The operation of the segmented DAC may be visualized by
assuming an input code of all zeroes. The first segment current
lp is divided into 512 levels by the 9-bit multiplying DAC and fed
to the output, loyT. As the input code increases, a new segment
current is selected for each 512 counts. The previous segment is
fed to output Ioyt where the new step group is added to it, thus
ensuring monotonicity independent of segment resistor values.
All higher order segments feed ToyT-

At each segment endpoint, monotonicity is assured because no
critical resistor tolerances are involved. For example, at the mid-
point of the transfer characteristic, as shown in Figure 2, l4 ¢ is
actually generated by the same segment resistor as I3 511 and
has been incremented by the remainder current of the 9-bit
DAC.

In the segmented DAC, the precision of the 8 main resistors
determines linearity only. The influence of each of these resis-
tors on linearity is four times lower than that of the MSB resistor
in an R-2R DAC. Hence, assuming the same resistor tolerances
for both, the linearity of the segmented approach would actually
be higher than that of an R-2R design.

The step generator or 9-bit DAC is composed of a master and a
slave ladder. The slave ladder generates the four least signifi-
cant bits from the remainder of the master ladder by active cur-
rent splitting utilizing scaled emitters. This saves ladder resistors
and greatly reduces the range of emitter scaling required in the
9-bit DAC. All current switches in the step generator are high
speed fully differential switches which are capable of switching
low currents at high speed. This allows the use of a binary scaled
network all the way to the least significant bit which saves power
and simplifies the circuitry.

Diffused resistors have advantages over thin film resistors be-
yond simple economy and bipolar process compatibility. The
resistors are fabricated in single crystal rather than amorphous
material which gives them better long term stability and tracking
and much higher moisture. resistance. They are diffused at
1000°C and so are resistant to changes in value due to thermal
and chemical causes. Also, no burn-in is required for stability.
The contact resistance between aluminum and silicon is more
predictable than between aluminum and an amorphous thin film,
and no sandwich metals are required to enhance or protect the
contact or limit alloying. The initial match between two diffused
resistors is similar to that of thin film since both are defined by
photomasks and chemical etching. Since the resistors are-not
trimmed or altered after fabrication, their tracking and long term
characteristics are not degraded.

TABLE 1
RESISTOR SPECIFICATIONS

Initial Matching Tracking Required for Tracking Req'd. for
No. of Required for +1 LSB DNL (ppm/°C) +1/2 LSB DNL (ppm/°C)
,Ladder Type | Resistors | =1 LSB DNL (%) | O Initial DNL | 1/2 LSB Initial DNL 1/4 LSB Initial DNL
Straight R-2R 37 +.05 5 25 1.25
Segmented .
3 Bits + 9 Bits 24 x4 40 20 10
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Am6012/6012A < Am6022/6022A

Figure 1. Traditional R-2R D/A Converter.
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Figure 2. Transfer Characteristic of Segmented Design.
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Arh6012/6012A + Am6022/6022A

Figure 4. Interfacing Circuits for ECL, CMOS, HTL Logic Inputs.
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Notes:

1. Set the voltage “A” 1o the de-
sired logic input switching
theshold.

2, Allowable range of logic
threshold is typically ~5V to

& TOPIN 13 +13.5V when operating the

“Vie DAC on +15V supplies.
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Figure 5. CRT Display Driver.
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3. Independent beam centering controls.

Figure 6. High-Speed 12-Bit A/D Converter.
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INTRODUCTION

Advanced Micro Devices’ Am6012 is the first 12-bit DAC ever
built using standard processing without the requirements of thin

_film resistors and/or active trimming of individual devices. The
result is a high-speed and high-accuracy converter with low
cost. Offering a =% least significant bit (LSB) differential non-
linearity, the Am6012’s uniform step size allows finer resolution
of levels, and in most applications is more useful than confor-
mance to an ideal straight line from zero to full scale.

DESCRIPTION OF THE Am6012

Figure 1 shows a simplified schematic for a traditional R-2R
D/A converter used in previous 12-bit DACs. Twelve current
sources are used in all possible binary combinations to gener-

Am6012 Application Note

ate the 4096 analog output levels. The resistor ladder tolerance
is most critical at the major carry where the 11 least significant
bits are turned off and the most significant bit (MSB) turns on. If
the MSB is more than ~0.05% low, the converter will be non-
monotonic. Achieving the initial resistor matching for =1LSB
differential nonlinearity (+0.05%) has required precision resis-
tors plus some sort of trimming method, such as laser trim-
ming, cutting, blowing or zapping to guarantee monotonicity for
all grades over the temperature range. The Am6012 uses a
proprietary design technique, departing from the traditional
R-2R design, which offers inherent monotonicity and differen-
tial nonlinearity as high as 13 bits (0.012%). The performance
of the converter is immune to variations in temperature, time,
process and mechanical stress.

VRer MsB LsB [

Ol_our

FREUERSRERERERERENENEE:

* Hoab] tat] wb] wab] wad] wat] ] et wb] ] wat] ad ?.‘.’éﬂ__l.

- X 1x

REFE_E-ENCE =
AMPLIFIER

1000 0000 0000 2.000mA
0111 1111 1111 1.999mA

MAJOR
CARRY

LIC-862

Figure 1. Traditional R-2R D/A Converter
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Figure 2. Transfer Characteristic of Segmented Design

Figure 2 shows- the transfer characteristic for the new
technique called a segmented ladder used in the Am6012. The
4096 output levels are composed of eight groups of 512 steps
each.

Each step of the group is generated by a 9-bit DAC and each
of the segment slopes is determined by one of eight equal cur-
rent sources as shown in Figure 3. The resistors that deter-
mine monotonicity are in the 9-bit DAC, and the major carry of
the 9-bit DAC is repeated in each of the eight segments. This
results in the need for eight times lower initial resistor accuracy
and provides tracking to maintain a given differential nonlinear-
ity over temperature.

If we assume that the input code is all ZEROES, the first seg-
ment current lg is divided into 512 levels by the 9-bit multiply-‘
ing DAC and fed to the output IoyT. An increasing digital input
code selects a new segment for every 512 counts. The previ-
ous segment is fed to output loyT where the new group is
added to it, thus ensuring monotonicity independent of seg-
ment resistor values. !

In the segment DAC, the precision of the eight main resistors
determines linearity only. The influence of each of these resis-

- tors on linearity is four times lower than that of the MSB resistor
in a R-2R DAC. Thus, if the resistor tolerances were the same,
then the segmented approach would actually be higher in
linearity than that of the R-2R design.
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DECODER

16X
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CODE SELECTED: 0111 1111 1111
LiCc-864

Figure 3. Segmented DAC Functional Diagram Used in Am6012

The 9-bit DAC is composed of a.master and a slave ladder.
The slave ladder generates the four least significant bits from
the remainder of the master ladder by using scaled emitters to
split the current actively. All of the current switches in the step
generator are fully differential switches capable of switching .
low currents at high speed. This allows the use of a binarily
scaled network all the way to the least significant bit which
saves power and simplifies the circuitry.

Like other monolithic DACs, the Am6012 has two types of errors
that cannot be eliminated by adjustment. They are integral non-
linearity and differential nonlinearity. The integral nonlinearity
shown in Figure 4 is the maximum deviation of the transfer
function from the straight line drawn from actual zero through the
full-scale output of the converter. Integral nonlinearity is ex-

ALL
BITS ON

Z
7 .
IDEAL OUTPUT v/ r %
7/

DIGITAL

INPUT ‘. NONLINEARITY

(+1LSB)

-
'I' ‘" WORST-CASE DIFFERENTIAL
’ / NONLINEARITY (+1/2 LSB)

’

//
4
/

ALL
ZEROS

LIC-865

|
FULL-SCALE

pressed in LSBs or as a percentage of full-scale. Some prod-
ucts use the “best fit” straight line and specify the deviation in
LSBs, however, this straight line will usually not terminate at
the full-scale value. The user then must adjust his converter to
this full-scale value, but is then unable to calibrate the con-
verter to benefit from the better value offered by this specman-
ship. Most users are interested in the absolute value of the
full-scale output and can calibrate it either manually or au-
tomatically.

Differential nonlinearity (DNL) is a measure of the deviation of
each individual step size from the ideal least significant bit. A
DNL of more than 1LSB defines nonmonotonicity, and a perfect
converter has a zero DNL.

The Am6012A is spécified as having 13 bits of DNL over tem-
perature, a level of performance generally not available in other
12-bit converters even when using thin film resistors. This
+%,1.SB (13-bit) DNL guarantees the converter has 4096 sepa-
rate and distinct output levels, whereas a +1LSB DNL only
guarantees monotonicity. It must be stressed again that these
DNL figures are guaranteed over the complete temperature
range. Also, DNL gives a measure of curve smoothness. The
DAC transfer function may be more than 1LSB nonlinear and
yet be smooth and useful with 2LSB DNL. This is especially
true in video and graphics where the human eye has difficulty
discerning nonlinearity of less than 5%. In most applications,
12-bit resolution and DNL are more important than integral non-
linearity. Figure 5 shows the nonlinearity of an actual device.
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ANALOG OUTPUT

Figure 4. Monotonic DAC with +1 LSB Nonlinearity
and +1/2 LSB Differential Nonlinearity

MULTIPLYING DAC

The Am6012 uses a fixed reference for most applications, but it
can also handle an AC reference source. The output current
louT is a product of the digital input and analog reference vol-
tage (VRgF) or current (IRgF).

The output current for current reference can be expressed as:

=] B> B3 By Bs Bg B;
lo=4.) —_—t—t—t — =t —  —
° REF( 2 a8 16 32 64 128

Bs By B Byy B

s B B, Bun  Bp

256~ 512 ' 1024 2048 4096

where By is MSB.

The Am6012 has complementary/differential current outputs.

The complement.of Ig is expressed as: :
lo=1s - lo

where the addition of lg and Ig is a constant regardless of the

digital code.
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Figure 5. Nonlinearity Plot of Actual Device
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Figures 6 and 7 show the relationship of Ixgf to Ig and To for
the basic DC connections. The reference may be positive or
negative, and a bipolar output voltage may be obtained using
the high-compliance current outputs alone or with an output
op-amp, as described later.

An application of the external positive reference voltage
{(+VRer) forces current through a reference resistor (RRef)
into the reference input (VRgr(+)), which is a virtual ground
created by the reference amplifier feedback loop. Reference
current (Iggr) is defined as:

+VREF

IREF =
RREF

A +10V supply for +Vggf is recommended for optimum full-
scale temperature operation. Resistor Ryg minimizes the tem-
perature coefficient of output offset voltage of the reference
amplifier by matching it to Rq4.

In negative reference applications, the external negative refer-
ence voltage is applied to the negative reference input
(VREF(—)) of the Am6012. The voltage at (VReF(+)) pin tracks
the voltage at (Vrer(—)). IReF flows from ground through RReF
into the (VREF(+)) input.

This connection produces high impedance at the (Vrep(-))
input, thus isolating the signal source from the load. Again, Ry5
is normally used to cancel input bias current efrors and is
nominally equal to RRef.

+Vaer ms)
Ipg = 4 (-BEEx =2
s (RREF

Rrer 14 [Vper(+
+VRer REF(+)

R
Ry4 SETS Igg "

VRer(-)

Ris 5

Ry5, BIAS CURRENT CANCELLATION

Am6012

lo +To = les
FOR ALL INPUT CODES

LIC-867
Figure 6. Positive Reference Connection
—V, 4095
= 4 (- VREF y 4095
trs=4 (FREF X 4095)
”
ARer 14 vagr(+)
Ris
lo +To =),
= Amgo12 FOR ALL INPUT GODES
~VReF O—AM—
REF Rys 15| VRER(=)
uc-868

Figure 7. Negative Reference Connection
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BIPOLAR OPERATION

Figure 8 shows a low input impedance bipolar connection. The
current into (VRer(+)) is IREF plus Iin. IRer must be equal to or
greater than the maximum negative value of Iy, so the refer-
ence amplifier will not turn off. For a high-impedance connection
(Figure 9) IreF is calculated from:

Irer = (VRer — VINV/RRer
where +VRgr must be equal to or greater than the maximum
" positive value of V|y. The IRgr current range is set at a
minimum of 0.2mA and a maximum of 1.1mA. Fifty percent
modulation is recommended to maintain speed and linearity
(0.55mA +0.5mA) over commercial temperature range.

TABLE 1. MINIMUM SIZE COMPENSATION CAPACITOR

(lFS = 4mA, IREF = 1.0mA)

Ri4 (Eq) (k) Cc (pF)
10 50
5 25
2 10
1 5
5 0

Iner » PEAK NEGATIVE

Rrer l SWING OF I,y
Vin | VRer(+)
Rin
Ams012
v -
[ 15| VRer(=)

Rys = (Rpgr * RiN)/ (Rrer + RiN)

Lc-889

Figure 8. Low Input Impedance Bipolar Reference

lner = (+VRer — VINVRRer

Irer  Rper
+Vagr 0= 14| Vaer(+)
Ris
Am6012
Vin
O—VWA—Hy,
ReF(~)
Ris 15

VREF = VN POSITIVE PEAK

LIC-870

Flgure 9. High-Input Impedance Bipolar Reference

REFERENCE AMPLIFIER COMPENSATION

For AC reference applications, a minimum-value compensation
capacitor (Cg) is normally used. The value of this capacitor
depends on the equivalent resistance seen at (VRer(+)). Table
-1 gives the compensation capacitors required for different val-
ues of Rger; and Figure 10 shows the frequency response of
the reference amplifier with Rger = 2K and Cg = 10pF.

For the fastest response to a pulse, low values of Rggr should
be used resulting in a low Cg value. When Rggp is 800 ohms,
Cg is not required and a full-scale transition of 1usec maximum
and 500nsec typical is obtained. For fixed reference operation
a 0.01uF capacitor should be used.

AC COUPLED MULTIPLICATION

Sometimes multiplying applications are more easily achieved
by AC coupling, and a high impedance input is often required
to avoid loading the high source impedance. Figure 11 uses the
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Cc pin asthe input. This is possible because the Cc connection is
2VgE away from the ladder determining resistors internal to the
Am6012 and gives wider bandwidth than using the reference
amplifier.

VOLTAGE OUTPUTS USING Am6012

The settling time for the Am6012 is specified for the current mode
or the fastest operating mode. Many DAC applications require a
current-to-voltage conversion. This can be achieved simply by
connecting a low-valiie resistor directly to the output. If the output
current is 4mA, a unipolar output would limit the resistor value to
1.25K ohms to ground because of the —5V DAC output voltage
compliance limitation. The output settling time is determined by
the RC time constant produced by the DAC output capacitance of
20pF (plus stray capacitance) and the value of the load resistor.
Settling to 0.01% (+¥2LSB) of full-scale’ would require approxi-
mately 300nsec, or nine time constants. An operational amplifier

Ris (£q) = 200
Cc = 10pF

LARGE SIGNAL +50% 7]

MODULATION OF 4mA
FULL SCALE CURRENT _|
L

SMALL SIGNAL =1%
MODULATION OF 2mA
FULL SCALE CURRENT
O S T 1
0.1 1.0

RELATIVE OUTPUT — dB

@

01 10

FREQUENCY — MHz ucern

Figure 10. Reference Amplifier Frequency Response

Rrer
14
+VReF O—AAA——] Vger(~)
Pig
- Vrer(+)
Ris 15

Lc-872

Figure 11. High-Impedance AC-Coupled Multiplication



is required if lower output impedance or larger output swings are
desired, but some settling time will be lost because the output
response is limited by the amplifier's slew rate and settling time. A
feedback capacitor Cy (Figure 12) can compensate for the pole
produced by the DAC output capacitance, op-amp input capaci-
tance and the feedback resistor. Careful selection of this
capacitor also optimizes the response time. Fastest operation is
achieved by minimizing lead lengths, impedances and stray
capacitances and bypassing the supplies to the DAC and opera-
tional amplifier.

The Am6012 has a maximum zero scale current of 0.14A over
the full temperature range. This represents only 1/10LSB zero
offset error. Therefore, the only error that needs to be corrected
will be the operational amplifier offset voltage. A typical
amplifier, such as the LF156, has an offset voltage (Vpg) of
13mV over temperature and 0.5uV/°C per mV change in aver-
age temperature coefficient with Vg adjusted to zero. This will
produce a total error of 1LSB over temperature, whereas if the
LF156A were used only %LSB error would occur. In Figure 13
the Vog of the amplifier should be adjusted to zero with all of
the bits turned OFF. One LSB is equal to 10/4096V = 2.44mV.

Am6012 Application Note

UNIPOLAR OPERATION (Figure 13)
Gain adjustment

Turn all the bits ON and adjust gain trimmer Rq until the output is
9.9976V. This represents 1LSB less than the nominal 10V full-
scale because the DAC outputs 4096 levels including zero so
VFs = 4095/4096 (10V) = 9.9976V.

BIPOLAR OPERATION (Figure 14)

This configuration will provide a bipolar output voltage from
—10.000V to 9.9951V for an offset binary digital input code.

Offset Adjustment

With all bits OFF, adjust offset trimmer Rz to give — 10 .000V atthe
output.

Gain

Turn all the bits ON, and adjust gain trimmer R4 to give an output
voltage of 9.9951V.

By using Figure 15 and Table 2, different input code formats
and output polarities can be accommodated.

pemdb=ny
| 2.5kQ
Reer_lrer —\u Ry
+VREF o—Wv— VRer(+) : PR e
Ris =
Amé6012 Ico —o
= Vo = 0TO +10V
15| VREF()
Ris
= lo = = Co+ €
- = ! N ucers
Figure 12. Voltage Output DAC
RReF = (Ry + Ry4)
zﬁ‘l}o
GAIN ADJUST
{ ] lrgr | 18 _lo
+VREF VRer(+) -
Ry Ry W
Am6012 —o0
Vo = 0to0 +9.9976V
P’ Veer(-) + °
Ris |
+15V
UNIPOLAR ZERO
ADJUST uc-e74
Figure 13. +10V Full-Scale Unipolar DAC
Rp BIPOLAR OFFSET
. ADJUST 5k
AV VAV YAYA v‘v‘v
2000 4.9k0
GAIN ADJUST
1 ] 9.75k0 14 \ 18
_ ‘ﬁg"; o~ AW~ VRer(+) lo - .
Ru Vo
n. Am6012 —0
15 =10V to +9.9951V
VRer(-) + .
Ris |
= 10K = uce”s

Figure 14. +10V Full-Scale Bipolar DAC
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5.000k} 2.000mA
AAA ——
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Rorr
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WA ——AN——
Ris ® . H
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(SEE CODE TABLE) DIGITAL
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Figure 15. Voltage Output Connection
TABLE 2. INPUT CODE FORMATS
MSB Ls8| 1y T
CODE FORMAT CONNECTIONS OUTPUT SCALE B1 B2 B3 B4 BS B6 B7 B8 B9 B10 B11 B12| (mA) | (mA) | Vour
Positive full scale LN T T N R D S B B | 1 1 {3.999 | .000 | 9.9976
Straight binary; one Positive full scale — LSB LN T I B B O B B RS | 1 0 |3.998 | .001 9.9951
polarity with true input a-c Zero scale ' 000O0OOOOCO O 0 0 .000 | 3.999 .0000
code, true zero output. . b-g
R1 = R2 = 25K
UNIPOLAR
. . Positive full scale 0000O0CO0OO0OOO O O O .000 | 3.999 | 9.9976
oCom"e :;l)elarvr\:ynt‘;avnl");1 binary; Positive full scale — LSB 00 0O0O0OOOOO O [} 1 .001 | 3.998 | 9.8951
Gomplementary input :g Ze_roscale 111t 11111 1 1 1 /3999 | .000 .0000
code, true zero output. A1 = A2 = 2.5K
Positive-full scale $ 111 1 11 11 1 1 13999 .000| 9.9976
- Positive full scale —LSB [ 1 1 1 1 1 4 1 1 1 1 1 o |3998| .00 | 9.9927
Straight offset binary; ac (+) Zero scale 100000000 0 O 0 |2000]1999 | .0024
offset hatf scale, b-d (~) Zero scale 001 1 1 1 11 11 1 1 1 |1999 2000 |-.0024
symmetrical about zefo, [ Negative full scale —LSB | 0 0 0 6 0 0 0 0 0 0 O 1 | .01 |3.998 |-9.9927
no true zero output. R1 = R3 = 25K | Negative full scale 0000O0OO0OOO O O 0| .000 3999 [-99976
SYM- R2 = 1.25K
METRICAL Positive full scal 01 1 1 1 1 111 1 1 1 [399]| .00 | 99976
OFFSET . . 'ositive Tul ale . L .
l&i?'.?f&es"éi?:' Positive fulscale ~LSB | 0 1 1 1 1+ 1 1 1 1 1 1 0 |3998 | 001 | 99927
mmetrical abo'ulzero a-c (+) Zero scale 000O0O0O0OOOO O O O |2000]199 0024
.,s";'m”sm output bd () Zero scale 11 1 1 1 1 11 1 1 1 ]1999 2000 [-.0024
MSB complemented f-g Negative ful scale ~LSB | 1 0 0 0 0 0 0 0 O O O 1 | .001|3.998 |-9.9927
. R1 = R3 = 25K | Negative full scale 1t 0000O0O0O0CO O O O | .000]3999 |-99976
(need inverter at B1). _
R2 = 1.25K
Positive full scale 111111111 1 1 1 [3.999 | .000 | 9.9951
Positive full scale — LSB LI T T S S R S N B | 1 0 | 3998} .001 9.9902
Offset binary; e-ac +LSB 1000000060 0 0 1 |20010 (1998 .0049
offset half scale, b-g Zero Scale 1 0000O0O0O0CO0O O O O |2000]|1999 000
true zero output. R1=R2=5K | -1SB 01 1 1 1 1 1 11 1 1 1 [199|2000 | -.0049
OFFSET Negative full scale +LSB (6 0 0 0 0 0 0 0 0 O ©O 1 | .001 |3.998 (-9.9951
WITH Negative full scale 000O0DOOOCO O O O | .000[399 [-10.000
TRUE Positive full scale 01 1 1 1 1 1 1 1 1 1 1 {3999] .000| 9.9951
ZERO 2's complement; Positivefullscale —LSB | 0 1 1 1 1 1 1 1 1 1. 1 0 |3998] 001 | 9.9902
’ offset half scale e-ac +11sB 000O0O0DOO OO O O 1 (2001|1998 | .0049
true zero output b-g - Zero scale 00O0O0OOOOO O O O |2000|1999 .000
MSB compiemented R1=R2=5K | -1LSB 1111 1 1 1 11 1 11 [1.999 | 2000 | -0.049
(need inverter at B1). Negative full scale +LSB | 1 0 0 0 0 0 0 0 0 O (V] 1 .001 | 3.998 |-9.9951
Negative full scale 100000000 O O O | .000]3999 [-10.000
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TWO-QUADRANT MULTIPLICATION DAC

There are two types of two-quadrant multiplication: bipolar digi-
tal, where the digital code controls the output polarity; and bipolar
analog, where the analog reference input controls output polarity.

Figure 14 shows a bipolar digital two-quadrant multiplication with
the output polarity controlled by an offset binary-coded input
word. Two DACs are required for the bipolar analog method
(Figure 16) because the Am6012 reference input cannot reverse
the output polarity. A bipolar reference voltage is connected to the
upper Am6012 and modulates the reference current by =0.5mA
around the quiescent current of 0.55mA. The lower Am6012 also
has a reference current of 0.55mA, and both DACs have the
same digital inputs. The lower Am6012 effectively subtracts out
the quiescent 0.55mA of the upper Am&012 reference current at
alt digital input codes by differentially connecting them to an
op-amp, thus the output voltage, Voyr, is a product of a digital
input code and a bipolar analog reference voltage.

FOUR-QUADRANT MULTIPLICATION

By combining bipolar digital and bipolar analog (two-quadrant
multiplication) the output analog polarity is controlled by the
analog reference input or by the offset binary digital input code. In
- Figure 17 two Am6012s are connected to implement a four-
quadrant multiplying DAC. The circuit shows that a differential

Am6012 Application Note

input signal can be accepted and differential ouiput currents
produced that can either be connected differentially to an op-amp
to produce a voltage output or be used to drive balanced loads
such as transformers, transducers and transmission lines.

USING THE Am6012 IN A/D CONVERTERS

Successive approximation is probably the method most widely
used for implementing an ADC offering relatively fast conversion
times with a low component count. Requiring ‘n’ comparisons for
an ‘n’ bit conversion makes the technique capable of high speed.

As illustrated in Figure 18, the most significant bit is turned ON
first, and the DAC output is compared with the input. The bit is
switched OFF or left ON, depending upon whether the input
signal is smaller or larger than the DAC output signal. The re-
maining bits are successively switched ON and comparisons
made until all respective bits are either left ON or switched OFF.
Each time one bit is tried, the DAC is required to settle to within
+%L.SB. The Am2504 Successive Approximation Register
(SAR) contains the necessary A/D logic, and the timing diagram
(Figure 19) relates to the Am2504. Holding the startinput LOW for
at least one clock period initiates the conversion. The MSB is set
LOW and all of the other bits are set HIGH for the first trial. Each
trial takes one clock period, proceeding from the most significant
to the least.
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1
Jdu
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20 IIS 17

INPUT 10k 1
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=
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2.5KQ
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18.2k
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Figure 16. Bipolar Analog Two-Quadrant Multiplication
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Figure 17. Four-Quadrant Multiplication with High Impedance Input

The time required to complete a 12-bit successive approximation
A/D conversion is determined by adding the duration of the 12
trials, the comparator decision delays and one clock cycle. Three
dynamic considerations must be taken into account: DAC output
current settling time to +%.LSB, the comparator propagation
delay, and the SAR propagation delay and setup requirements.

For example, with 300nsec allowed for the DAC to settle to
+121L.8B, and 300nsec for the comparator response time plus
50nsec SAR logic delay a complete conversion could result in
8.5usec.

A major factor affecting the settling time of the DAC is the RC time
constant formed by the input resistor (Rjn) and the DAC output
capacitance (Cp) plus any stray capacitance present at the
summing node. The settling to within +1,2LSB at 12 bits (=0.01%)
requires 9.2 RC time constants. Thus the Am6012, with an out-
put capacitance of 20pF, would influence the settling time if Ryy
were around 300 ohms. But R)y would become the dominant
factor when greater than 500 ohms. Hence, if the A/D full-scale
range were. 10V and the DAC current was 4mA, then Ry would

be equal to 2.5K, resulting in a time constant of 50nsec and a
settling time of approximately 500nsec. Lowering the effective
resistance at the summing node is a compromise between DAC
settling time and comparator overdrive because the ¥2LSB cur-
rent is only 0.5uA and, for an equivalent resistance of 500
ohms, would only result in a DAC output voltage corresponding
to ¥2LSB or 0.25mV, which is inadequate for most com-
parators. With Rjy of 2.5K this would result in %2LSB of
1.25mV, which is an adequate overdrive for the Am111s (Figure
18), producing a response time of 200nsec. The propagation
delay of the SAR is 50nsec. Hence, the total conversion time is
11.5usec for a full-scale signal range of 10V.

The input impedance of an ADC changes during the conversion
process and can alter the performance of the input amplifier, or
sample and hold amplifier if used. Because the comparison point
canswing by alarge amount, the input current can be modulated.
The output impedance of the input amplifier is made LOW by the
loop gain of the feedback amplifier. This gain reduces at high
frequencies, and the output impedance rises to its open loop
value, which is usually between 10 and 200 ohins.
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Figure 18. Fast Precision Successive Approximation A/D Converter

Errors can be introduced into the instantaneous input voltage if
the bandwidth of the amplifier is not sufficient and the output of the
input amplifier does not return to its normal voltage before the
converter makes a comparison. The Am6012 offers dual com-
plementary outputs that can present a constant load currentto the
input signal significantly reducing switching transients and in-
creasing system throughput. Because the full-scale output cur-
rent of the Am6012 is 4mA, smaller load resistors can be used.
These minimize the output RC delay that usually dominates the
settling time for a 12-bit ADC. In the design of high-resolution,
high-speed ADCs, one must ensure thatthe analog wiring be kept
as short as possible and be separated from the vicinity of digital
lines. This precaution refers especially to the comparator output
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which can capacitively couple edge transients back to the input of
the comparator and cause the comparator to oscillate.

Digital ground and analog ground should only meet at one
point to prevent digital ground currents from creating voltage
errors in the analog ground.

Ground loops should also be avoided within the analog sections
since they canintroduce errors. Adequately bypassing supplies is
essential for high-speed and high-resolution ADCs and should
include high-frequency ceramic as well as tantalum capacitors to
decouple the high-frequency components of the digital switching
transients.
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Figure 19. Typical Timing Diagram for Suc_cessiv_e Approximation Converter

MICROPROCESSOR-BASED SYSTEM INTERFACING

The Am6012 can be interfaced to a microprocessor-based sys-
tem. But microprocessors with an 8-bit bus have the problem of
interfacing to the 12-bit DAC. This is solved by breaking the 12-bit
word into 8- and 4-bit bytes and storing each into a memory
location. Figure 20 shows a 12-bit DAC interfaced to the popular
AmQ080A using an Am9555 Programmable Peripheral Interface.
This allows two Am6012s to be connected. For a simpler system
the Am9555 could be replaced with a 12-bit latch and some
control logic.

" Interfacing the Am6012 to a 16-bit microprocessor such as the

AmZ8001/8002 is shown in Figure 21. The DAC peripheral loca-
tionis addressed by the CPU and decoded by the AmZ8136 (8-bit
decoder with control storage), which contains input fatches, al-
lowing the peripheral address to be latched and decoded from the
address bus. The AS (address strobe) signal from the CPU
informs the decoder when the address is stable andis used as the
input register latch command. Two transparent latches are used
to latch the data off the address/data bus. The DS (data strobe)

command produces a CS (chip select) to force the AmZ8173 octal
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Figure 21. AmZ8000 Interface for Am6012 12-Bit DAC
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latches into their transparent mode. When DS goes HIGH this
causes CS to go HIGH and retains the data in the AmZ8173. This
prevents erroneous data from appearing at the Am6012 inputs
during CPU operations and causing the output from displaying
the wrong information. The AmZ8000 has the capability of out-
putting not only single words of data, but also blocks of data from
contiguous memory locations. The time for each data transfer is
10 clock cycles, resulting in a data update time of 2.5usec.
Additional time can be allowed for the DAC to settle by including
extra WAIT states. Each wait state period is 250nsec.

Whenused in a successive approximation type of ADC described
earlier, the Am6012 can be interfaced to an Am9080A to allow
analog information into the microprocessor system (Figure 22).
The ADC data conversion procedure is controlled by the
Am9080A Microprocessor set (Am9080A 8-bit microprocessor,
Am8224 clock generator and driver, and Am8228 system con-
troller and bus driver). The Am26S02 is used as the START
monostable circuit and is activated by (CS = 0, and IOW = 0).
START ADC command sets the S input of the SAR circuit
Am2504 to a logic 0. The width of the monostable pulse must be
greater than the period of the DATA CLOCK signal to initialize the

SAR logic. The DATA CLOCK period must be sufficiently long to
allow for the worst-case settling time of the Am6012 DAC and
comparator Am111 and to ensure valid data at the SAR input.
After S goes LOW the first clock sets Cg, changingitto logic ONE,
and the sample and hold reverts back to the sample mode. The
microprocessor is then allowed to resume its function by remov-

'ing the logic ZERO from the RDYIN input of the Am8224 chip.

Logic ONE at the SAR's S input prevents DATA CLOCK from
changing the digital data outputs of the SAR after the completion
of a conversion. When the microprocessor issues a READ ADC
command (CS = 0, IOR = 0), the data buffer (Am9555) is ena-
bled to transfer the data outputs of the SAR to the system data
bus and into the microprocessor accumulator where on a sub-
sequent memory write command stores the data into a memory |
location. The ADC must be given another START ADC command
by the microprocessor before another conversion cycle can be
started.

Ac-Ats 1o 14 \ 18
: ADDRESS +10 F—A——] Vagr()
ADDRESS BUS P
Améor2
10K 15
D VREF(-)
.I:l }_I DATA BUS J =
T Am9080A
# MEWR )
—] .
—1 rov HLDA |—1 12817 DIGITAL DATA
e o Kl
s | o DB
Ama224 L
E I soen
START _
- stsTe +5 Q § - Amsoe
ROVIN cp =
'C
oW 7402)
N
OTHER
ROYIN
SIGNALS
N I_ DATA CLOCK

Lic-883

Figure 22. Microprocessor Controlled 12-Bit Analog to Digital Acquisition System

3-38



Am6014

14-Bit Multiplying D/A Converter
PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION
@ 14 bit monotonic over temperature The Am6014 is a monolithic 14-bit multiplying digital-to-
e Differential non-linearity to +0.006% (14 bits) analog-converter which uses untrimmed thin film resistors
e Inherently monotonic and a segmented ladder design to provide monotonicity
e Fast settling output current: 500ns and 14-bit differential linearity. It also offers a wide power
o Full scale current 8mA supply range, high voltage compliance, and complemen-
o High output impedance and high output tary high impedance outputs, thus permitting greater ver-
compliance: —5to +5V satility and differential operation. Output full scale current
o Differential current outputs is specified at 8mA, allowing use of smaller load resistors
® Sign switch bit enables sign-magnitude input codlng to minimize the output RC delay, and a sign-bit input
for 15 bit dynamic range allows sign-magnitude code format capability. The circuit
e Low power dissipation: 350mwW also provides the user with output, gain and thin film refer-
ence input scaling resistors which track with the thin film
resistors used in the ladder and segment sources.
Am6014 BLOCK DIAGRAM
nss FUNCTIONAL DIAGRAM Lss
SIGN BIT B, B; B; 8¢ Bia
09 ? j) 00 T o T
Vos+
O lout(+r
SIGN SEGMENT OUTPUT
sn‘;'gg: Vo- = SWITCHES 9;:%:::
L)
1-OF-8 e SEGMENT ROM LSB DAC
— SuTcHEs A povan B AU
o I
|
I
|.
o 7 1
1
Vaer 0 REFERENCE VR SEGMENT se;csrmon aias
o] = e S et
ORDERING INFORMATION CONNECTION DIAGRAM
Order Temperature  Differential D-28
Number Package Range Nonlinearity o [ og, [J1° T am[TJv+  posmveoweRsupety
AmB014DM Hermetic DIP 5510 +125°C  +0.006% o, [z 70 %m o eur
Am6014DC  Hermetic DIP 0to +70°C +0.006% o8, []3 3 []R; } nEsisTon
AmB014XC Dice 0to +70°C +0.006% o8y [ « N SL
on, L #Flec ERIEISE
oBs [ e B[ Jlo+)  FOSTVELISIONED
oara | 2 17 et (] GAMZ | 4 conTROL
’ INPUTS | pg, [] 0 21 [ Gany | RESISTORS
o8y ]9 20 ] v- NEGATIVE POWER SUPPLY
DBy E 10 19 :I COMP  COMPENSATION INPUT
DByg E 1n 18 3 GND ‘GROUND
oBy [ 1771 \eF CURRENT REFERENCE
0Bz [ 13 16 D VREF  VOLTAGE REFERENCE
tse | 0By [ 15 [ SIGN-BIT
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Am6014

MAXIMUM RATINGS (Above which useful life may be impaired)

Storage Temperature

—65 to +150°C

Lead Temperature (soldering, 10sec) 300°C
Power Supply Voltage (V+) +18V
Power Supply Voltage (V—) —18V
V+ Supply to V- Supply 25V
Logic Inputs -5to +18V
Analog Current Outputs —-8to +12V
Reference Input Voltage V-toV+
Reference Input Current 2.5mA
Power Dissipation 700mwW
ELECTRICAL CHARACTERISTICS V+ = +5V, V- = —15V, Iggr = 2.0mA Tp = O to ~70°C
Parameters Description Test Conditions Min Typ Max Units
Resolution 14 Bits
Monotonicity 14 Bits
DNL. Differential Nonlinearity Deviation from ideal 14 Bits
step size
NL. Nonlinearity - gfa‘l’i‘;:;’l’i‘n’emm ideal Bits
VRer = 5.0000V
lpg Full Scale Current RREeF = 2.5000K ohm mA
Ta = 25°C
TClgs Full Scale Tempco . =1 LSB/°C
: _ D.N.L. Specifica )
Voc Output Voltage Compliance +5 Volts
less Full Scale Symmetry +0.4 pA
Izs Zero Scale Current 20 nA
tg Settling Time (Includes tp| 1) 500 ns
P Propagation Delay — all 30 ns
tPHL
Cout Output Capaci 20 pF
\ “togic 0" - 0.8
v:: Log, L:Zic e 2.0 - - Volts
I Logic Vin = =510 +18V 40 uA
Vis Logic Inptif & V- = -15V -5 +18 Volts
733 Reference Current Range 0.4 2.0 22 mA
di/dt Reference Input Slew Rate CC = OpF 8.0 mA/us
Faai ] P st Semty e TTErTT oo
:i Power Supply Current xr : i‘:’;’{/ iz: mA
Pp Power Dissipation V+ = +8V,V~ = —15V 370 mw
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FUNCTIONAL PIN DESCRIPTIONS

Mnemonic

DBg-DB43

SIGN-BIT

VREF

IRer

COMP

Description

DBg (MSB) through DB13 (LSB) are the data
input pins to the DAC.

This input pin represents the sign of the data
bits DBg—DB13. If SIGN-BIT is held HIGH,
the output current flows from lg (+); if LOW,
current flows from Ig (—).

Input reference voltage pin. May be used
instead of Iggr. A 5V input will give a 8mA
full scale output. VRer takes ‘advantage of
the internal input resistors.

Input reference current pin. May be used
instead of VRer. A 2mA input will give a 8mA
full scale output. Iggr should be used
instead of VRgf in situations where high
absolute accuracy is required.

Compensation pin for the input amplifier.
Should be connected via a 0.01uF capacitor
to ground. '

GAIN1 Internal gain resistor (1.25K) connected to
lp (+). May be grounded, allowed to float, or
connected to a 5 volt reference for signed
magnitude (—10V), unipolar (0 to 10V), and
bipolar (-5 to +5V) operation.

GAIN2 Internal gain resistor (1.25K) connected to
lo (+). Should be connected to external
op-amp output. External gain resistors
should be used in situations demanding high
absolute accuracy.

lo (+) ‘ DAC output pin carries current when SIGN-
BIT pin is held HIGH.

lo(-) DAC output pin carries current when SIGN-
BIT pin is held LOW.

Ry, R2 Connections to an internal 625 resistor that

may be tied between lp (—) and lp (+) for
sign-magnitude operation.

To (+) Complimentary DAC output pin carries
current when the SIGN-BIT is HIGH. This
current is 7.9995mA less 1o (+).

sV

Figure 1. Typical Output Connectioné

Unipolar 0 to 10V True Zero

REF

Vour

Bipolar -5 to +5V True Zero

sV
REF

—_—t

»

-
I

sV

Signed Magnitude =10V True Zero

GAIN 2

GAIN1

REF

Vour

Symmetrical Offset +10V No True Zero

5V
REF
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APPLICATIONS

CRT Graphic Displays Control Systems
Digital Audio Data Acquisition
PCM Telephony Data Distributions

Figure 2. Interfacing Circuits for ECL, CMOS, HTL Logic Inputs
CMOS, HTL ECL

O
$
||l—]

<
>
:, 13k$2

N --—-szeua

A" —Kmaeoa

2N3904 2N3904

< TOPIN 18 S s TOPIN 18
< Vic > Vic
4004A 6.2k

- Notes: 1. Setthe vohage “A” to the desired logic input switching threshold.
2. Allowable range of logic threshold is typically —5V to +13.5V when operating the DAC on =15V supplies.

Figure 3. CRT DISPLAY DRIVER

Tnzovocl %
1 % b3 2
. e - I

Notes: 1. Full differential drive lowers power supply voltage.
2. Eliminates inverting amplifiers and transformers.
3. Independent beam centering controls.

3-42



AmMG6070

Companding D-to-A Converter for Control Systems

]

Distinctive Characteristics

Tested to u-255 companding law

Absolute accuracy specified — includes all errors over
temperature range

Settling time 300ns typical

Ideal for multiplexed PCM, audio, and 8-bit p.—P
systems

Output dynamic range of 72 dB

12-bit accuracy and resolution around zero

Sign plus 12-bit range with sign plus 7-bit coding
Improved pin-for-pin replacement for DAC-76
Microprocessor controlled operations

Multiplying operation

Negligible output noise

Monotonicity guaranteed over entire dynamlc range
Wide output voltage compliance

Low power consumption

GENERAL DESCRIPTION

The Am6070 monolithic companding D/A converter achieves
a 72dB dynamic range which is equivalent to that achieved
by a 12-bit converter.

The transfer function of the Am6070 complies with the Bell
system u-255 companding law, and consists of 15 linear
segments or chords. A particular chord is identified with the
sign bit input, (SB) and three chord select input bits. Each
chord contains 16 uniformly spaced linear steps which are

determined by four step select input bits. Accuracy and
monotonicity are assured by the internal circuit design and
are guaranteed over the full temperature range.

Applications for the Am6070 include digital audio recording,
servo-motor controls, electromechanical positioning, voice
synthesis, secure communications, microprocessor con-
trolled sound and voice systems, log sweep generators and
various data acquisition systems.

FUNCTIONAL BLOCK DIAGRAM

CHORD BITS STEP BITS

CONNECTION DIAGRAM

18-

8, B, B By Bs Bg By s8  ED
I’?'Ls?’ ’?9 2?|
[T T I —_— :
yors 1 ENCODE/DECODE SELECT: 1= ENCODE 1 d en® v+[] 18 POSITIVE POWER SUPPLY
. CHORD DECODER '0€t+) =
| . 15 SIGN BIT INPUT: 1=POSITIVE 2 |: S8 lop(-} :] 17 DECODER OUT: E/D SB = 00
0 ! [T .
switeH ot MOST SIGNIFICANT CHORD BIT INPUT 3 : By lop(+ [ ] 16 DECODER OUT: E/D 58 = 01
I secteron . l"f"“' SECOND CHORD BIT INPUT 4 [] B2 1og(~) [ ] 15 ENCODER OUT: £/5 5B =10
- len loo(-) LEAST SIGNIFICANT CHORD BIT.INPUT & |: B3 loE(+) :| 14 ENCODEROUT:E/DSB =11
c
__| . MOST SIGNIFICANT STEP BIT INPUT 6 [: 8 v- [] 13 NEGATIVE POWER SUPPLY
r-__ P
| : ! SECOND STEP BITINPUT 7 [T B5 Vai-} ] 12 NEGATIVE REFERENCE INPUT
- PEDESTAL
SELECTOR GENERATOR THIRD STEP BIT INPUT 8 [] B¢ Vaw) [J 11 POSITIVE REFERENCE INPUT
' L ] l LEAST SIGNIFICANT STEP BIT INPUT 9 [ ] B7 Vic [] 10 THRESHOLD CONTROL
'en j L . e
CHORD AND
s neron l
l Top View
LIC-243 P R Ve & Pin 1 is marked for orientation. LIC-244
ORDERING INFORMATION* SIMPLIFIED CONVERSION TRANSFER FUNCTIONS
Decoder Encoder
Characteristic ~ Characteristic
P rt N b T A ANALOG DIGITAL
a umber emperature ccuracy oUTPUTI OUTPUT(H
Am6070ADM —55°C to +125°C +1/2 step ’
Am6070DM ~55°C to +125°C +1 step oe
INPUT () )
Am6070ADC 0°C to +70°C =1/2 step . e
Am6070DC 0°C to +70°C +1 step fresion NPTt
N
*Also available with burn-in processing. To order add suffix B
to part number. AL
OUTPUT(-) LIC-245 e
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Am6070

MAXIMUM RATINGS above which useful life may be impaired

V+ Supply to V— Supply 36V ‘| Operating Temperature

V¢ Swing V- plus 8V to V+ MIL Grade —55°Cto +125°C
Output Voltage Swing V—plus 8V to V—plus 36V | COM'L Grade 0°C to +70°C
Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C
Reference Input Differential Voltage +18V | Power Dissipation Ta < 100°C 500mwW
Reference Input Current 1.25mA For TA > 100°C derate at 10mw/°C

Logic Inputs

V- plus 8V to V— plus 36V

L.ead Soldering Temperature

300°C (60 sec)

GUARANTEED FUNCTIONAL SPECIFICATIONS

Resolution

+128 Steps

Monotonicity

For both groups of 128 steps and over full operating temperature range

Dynamic Range

72d8, (20 1og (17, 15/10, 1))

ELECTRICAL CHARACTERISTICS

These specifications apply for V+ = +15V,V— = =15V, Iggr = 528uA, 0°C < T, < +70°C, for the commercial grade, —55°C < Tas
+125C, for the military grade, and for all 4 outputs unless otherwise specified. Am6070ADM Am6070DM
Am6070ADC Am6070DC
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
To within £1/2 step at Ty = 25°C '
ts Settling Time output switched from 300 | 500 300 500 ns
Izs t0 lgg
Chord Endpoint Accuracy *12 *1 Step
Step Nonlinearity Guaranteed by 0u$?u; =172 +1 | Step
IFs(p) Full Scale Current Deviation E::;?} error specitie *12 +1
(3] From Ideal *1/2 *1
Vgee = 10.000V
RReF+ = 18.94kQ
Rrer— = 20kQ .
Alg Output Current Error —B.OV < Vgyur < +18V *1/2 +1 Step
Error referred to nominal values
in Table 1.
VReg = 10.000V
RRer+ = 18.94k2 :
- Full Scale Symmetry Error Rper = 20kQ 140 | 18 20| 14 | Step
o+ 7o) cale Symmetry Erro —B.OV < Vgur < +18V 140 | 18 120 14 | Step
Error referred to nominal values
in Table 1
Additional output
len Encode Current Encode/Decode = 1 38 112 5/8 14 12| 34 Step
Measured at selected output.
Izs Zero Scale Current with 000 0000 input 140 [ 14 120 | 12 | Step
Algg Full Scale Drift Operating temperature range +1/20( =1/4 +110[ *1/2 | Step
. Full scale current change _ _
Voc Qutput Voltage Compliance <112 step . 5.0 +18 5.0 +18 | Volts
" Output leakage _
Ipis Disable Current Output disabled by E/D and SB 5.0 50 5.0 50 nA
Irsr Output Current Range 0 20 | 42 4] 20| 42 mA
Vi i Logic “0” 08 0.8
- = Volts
Vin Logic Input Levels Logic "1 Vic =0V 20 20
Iin Logic Input Current Viy = —5.0V to +18V 40 40 pA
Vis Logic Input Swing V- = -15V -5.0 +18{ -5.0 +18 | Volts
I8 REF— Reference Bias Current ~-1.0j —-4.0 ~1.0[ —-40| pA
di/dt Reference Input Slew Rate 0.12 | 0.25 0.12 | 0.25 mA/us
PSSlEsy S‘\’,‘;"fgf“pl"";::“s':a"'fyr V+ = 4510 18V, V- = —15V +1j20| =112 +1/20] =112 | Step
PSSlpg_ pply Hange (Hete V- =108 + —18V, V+ = 15V 110 =172 10| =112 | Step
to Characteristic Curves) -
1+ V+ = +5.0to +15V, V- = —158V 27 4.0 27 4.0
Power Supply Current . mA
- Ifs = 20mA ) -6.7 | -88 -6.7| -88
. . V—-=-15V, Voyt=0 | V+ = 5.0V 114 | 152 114 | 152
i W
Po Power Dissipation Igs = 2.0mA Vi = +15V 141 | 192 1] 192 ™
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Reference Amplifier
Total Harmonic Distortion
Versus Frequency {80kHz Filter)

TYPICAL PERFORMANCE CURVES
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Notes:

THD is nearly independent of the logic input code.

Similar results are obtained for a high input impedance connection using VR(—) as an input.

modulation), the bandwidth is 100kHz.

Positive common mode range is always (V+) —1.5V.

1
temperature range.

11. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply.

6.
7.
8. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signa! bandwidth. For an input of +2.5V peak (25%
9.
0.

Al bits are fully switched with less than a half step error at switching points which are guaranlead to lie between 0.8V and 2.0V over the aperatmg
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Am6070

ELECTRICAL CHARACTERISTICS (Cont.)

TABLE 1

NOMINAL DECODER OUTPUT CURRENT LEVELS IN pA

CHORD
STEP| o 1 2 3 4 5 6 7
0 | .000| 8250| 24.750| 57.750| 123.75 | 256.75 | 619.75 | 1047.75
1 | 500 | 9.250| 26750 | 61.750| 131.75 | 271.75 | 55176 | 1111.75
2 | 1000 | 10250 | 28.750 | 65.750 | 139.75 | 287.75 | 5683.75 | 1175.75
3 | 1500 | 11.250| 30.750 | 69.760| 147.75 | 303.75 | 615.75 | 1239.75
4 | 2000 | 12.250| 32.750 | 73.750| 155.75 | 319.75 | 647.75 | 1303.75
5 | 2.500 | 13.250] 34.750 | 77.750| 163.75 | 335.75 | 679.75 | 1367.75
6 | 3.000 | 14250 36.750 | 81.750| 171.75 | 351.75 | 711.75 | 1431.75
7 | 3500 | 15.250| 38.750 | 85.750| 179.75 | 367.75 | 743.75 | 1495.75
8 | 4000 | 16.250| 40.750 | 89.750| 187.75 | 383.75 | 775.75 | 1559.75
9 | 4500 | 17.250| 42.750 | 93.750| 195.75 | 399.76 | 807.75 | 1623.75
10 | 5000 | 18.250| 44750 | 97.750 203.75 | 415.75 | 839.75 | 1687.75
11 | 5500 | 19.250| 46.750 | 101.750| 211.75 | 43175 | 87176 | 1761.75
12| 6000 | 20.250| 48.750 | 105.750| 219.75 | 447.75 | 903.75 | 1815.75
13 | 6.500 | 21.250| 50.750 | 109.750| 227.75 | 463.75 | 935.76 | 1879.75
14 | 7.000 | 22.250| 62.750 113.750| 235.75 | 479.75 | 967.75 | 1943.75
16 | 7.500 | 23.250| 54.760 | 117.750| 243.75 | 485.75 | 999.75 | 2007.75
ss'g: 5 1 2 4 8 16 32 64
TABLE 2

IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM FULL SCALE

CHORD
STEP 0 1 2 3 4 5 6 7
0 - —47.73 | —-38.18 | —30.82 | —24.20 | -17.90 | -11.74 | -5.65
1 —72.07 | —46.73 | —37.51 | -30.24 | -23.66 | —17.37 | —-11.22 | -5.13
2 —66.05 | ~45.84 | —36.88 | —29.70 | -23.15 | —16.87 | —10.73 | -4.65
3 -62.63 | -45.03 | -36,30 | ~29.18 | —22.66 | ~16.40 | —10.27 | —4.19
4 —60.03 | —44.29 | -35.76 | —28.70 | -22.21 | -15,96 | —9.83 | —-3.76
5 —68.10 | —43.61 | -35.24 | —28.24 | -21.77 | —1653 | -9.41 | -3.33
6 ~56.561 | —42.98 | —34.76 | -27.80 | —-21.36 | -15.13 | —9.01 | -2.94
7 —56.17 | —42.39 { —-34.20 { -27.39 | <20.96 | —14.74 | —8.63 | —2.56
8 -64.01 | ~41.84 | -33.85 | -26.99 | -20.58 | -14.37 | -8.26 | -2.19
9 —-52.99 | —41.32 | -33.44 | -26.61 | —20.22 | —14.02 | -7.91 | -1.84
10 —-52.07 | -40.83 | —33.04 | ~26.25 | —19.87 { —13.68 | -7.567 | —-1.51
-1 —51.26 | ~40.37 | -32.66 | —25.90 | —19.54 | -13.35 | -7.25 | —1.18
12 —50.49 | -39.93 | —-32.29 | -25.67 | —19.22 | -13.03 | -6.93 | -0.87
13 —49.80 ( -39.51 } —31.95 | —25.25 | ~18.91 | -12.73 | -6.63 | —0.57
14 —49.15 | —39.11 | -31.61 | ~24.94 [ -18.61 | —1243 | -6.34 | -0.28
15 —-48.55 | —38.73 | —31.29 | —24.63 | —18.32 | -12.15 | —6.06 0.00

3-46



Am6070

THEORY OF OPERATION

Functional Description

The Am6070 is an 8-bit, nonlinear, digital-to-analog conver-
ter with high impedance current outputs. The output current
value is proportional to the product of the digital inputs and
the input reference current. The full scale output current, [ g,

is specified by the input binary code 111 1111, and is a linear

function of the reference current, Iggg. There are two operat-
ing modes, encode and decode, which are controlled by the
Encode/Decode, (E/D), input signal. A logic 1 applied to the
E/D input places the Am6072 in the encode mode and current
will flow into the log(4) or log(—) output, depending on the
state of the Sign Bit (SB) input. A logic 0 at the ED input
places the Am6070 in the decode mode.

The transfer characteristic is a piece-wise linear approxi-

mation to the Bell System u-225 logarithmic law which

can be written as follows:

Y =0.18%n (1 + p IXI) sgn (X)

where: X = analog signal level normalized to unity
(encoder input or decoder output)
Y = digita! signal level normalized to unity
(encoder output or decoder input)
n =255

The current flows from the external circuit into one of four
possible analog outputs determined by the SB and E/D in-
puts. The output currenttransfer function can be represented
by a total of 16 segments or chords addressable through the
SB input and three chord select bits. Each chord can be
further divided into 16 steps, all of the same size. The step
size changes from one chord to another, with the smallest
step of 0.5uA found in the first chord near zero output cur-
rent, and the largest step of 64uA found in the last chord near
full scale output current. This nonlinear feature provides
exceptional accuracy for small signal levels near zero output
current. The accuracy for signal amplitudes corresponding
to chord 0 is equivalent to that of a 12-bit linear, binary D/A
converter. However, the ratio (in dB) between the chord

endpoint current, (Step 15), and the current which corres-
ponds to the preceding step, (Step 14), is maintained atabout
0.3dB over most of the dynamic range. The difference bet-
ween the ratios of full scale current to chord endpoint cur-
rents of adjacent chords is similarly maintained at approxi-
mately 6dB over most of the dynamic range. Resulting
signal-to-quantizing distortions due to non-uniform quantiz-
ing levels maintain an acceptably low value over a 40dB
range of input speech signals. Note that the 72dB output
dynamic range for the Am6070 corresponds to the dynamic
range of a sign plus 12-bit linear, binary D/A converter.

In order to achieve a smoother transition between adja-
cent chords, the step size between these chord end points
is equal to 1.5 times the step size of the lower chord.
Monotonic operation is guaranteed by the internal device
design over the entire output dynamic range by specify-
ing and maintaining the chord end points and step size
deviations within the allowable limits.

Operating Modes

The basic converter function is conversion of digital input
data into a corresponding analog current signal, i.e., the
basic function is digital-to-analog decoding. The basic de-
coder connection for a sign plus 7-bit input configuration is
shown in Figure 1. The corresponding dynamic range is
72dB, and input-output characteristics conform to the stan-
dard decoder transfer function with output current values
specified in Table 1. The E/D input enables switching bet-
ween the encode, log(+) or log(—), and the decode, lgp(+) or
lop(—) outputs. A typical encode/decode test circuit is shown
in Figure 2. This circuit is used for output current measure-
ments. When the E/D input is high, (a logic 1), the converter
will assume the encode operating mode and the output cur-
rent will flow into one of the lgg outputs (as determined by
the SB input). When operating in the encode mode as shown
in Figure 3, an offset currentequal to a half step in each chord
is required to obtain the correct encoder transfer characteris-
tic. Since the size of this step varies from one chord to
another, it cannot easily be added externally. As indicated in

the block diagram this required half step of encode current,

Ry
25k

VRer

+lov
RREF+ =
1894k (9 8 |7 |e fs |4 |3 ]2 |»
4
: Nl

By Bg B By By By By SB ED

1
VREF(+)
Amé6070

VReFi-)
2 REF{-}

v- v+

lla lm
—15v +15V

RReF-
20k

- = LiC-246
'IREF = VREF/RREF
IDEAL VALUES: IRgp = 5281A, | g = 2007.752A
E/D | sB|B1|B2|B3]|Ba|Bs|Bs|B7 Eo

POSITIVE FULL SCALE 0 1 1 1 1 1 1 1 1 5.019v
(+) ZERO SCALE +1 STEP 0 1 0 0 0 [ 0 0 1 0.0012v/
(+) ZERO SCALE 0 1 0 0 0 () 0 0 0 ov
{-) ZERO SCALE 0 0 0 0 0 0 o 0 o ov
(~) ZERO SCALE +1 STEP o o [ o 0 [ 0 Q 1 —0.0012v
NEGATIVE FULL SCALE 0 [ 1 1 1 1 1 1 1 ~5.019v

Figure 1. Detailed Decoder Connections.
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3 0 1 |rop® | (EgarRz)
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Figure 2. Output Current DC Test Circuit.
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len. is automatically added to the log output through the
internal chip design. This additional current will, for exam-
ple, make the ideal full scale current in the encode mode
larger than the same current in the decode mode by 32uA.
Similarly, the current levels in the first chord near the origin
will be offset by 0.25uA, which will bring the ideal encode
currentvalue for step 0 on chord O to +0.25uA with respectto
the corresponding decode current value of 0.0pA. This addi-
tional encode half step of current can be used for extension
of the output dynamic range from 72dB to 78dB, when the
converter is performing only the decode function. The cor-
responding decoder connection utilizes the E/D input as a
ninth digital input and has the outputs lop(4) and lgg(4) and
the outputs lgp(—) and lpg(—) tied together, respectively.

When encoding or compression of an analog signal is re-
quired, the Am6070 can be used together with a Successive
Approximation Register (SAR), comparator, and additional
SS1 logic elements to perform the A/D data conversion, as
shown in Figure 3. The encoder transfer function, shown on
page 1, characterizes this A/ID converter system. The firsttask
of this system is to determine the polarity of the incoming
analog signal and to generate a corresponding SB input
value. When the proper Start, S, and Conversion Complete,
CC, signal levels are set, the first clock pulse sets the MSB
output of the SAR, Am2502, to a logic 0 and sets all other
parallel digital outputs to logic 1 levels. Atthe same time, the
flip-flop is triggered, and its output provides the E/D input
with alogic 0 level. No current flows into the log outputs. This
disconnects the converter from the comparator inputs, and
the incoming analog signal can be compared with the
ground applied to the opposite comparator input. The result-
ing comparator output is fed to the Am2502 serial data input,
D, through an exclusive-or gate. At the same time, the sec-
ond input to the same exclusive-or gate is held at a logic 0
level by the additional successive approximation logic
shown in Figure 3. This exclusive-or gate inverts the com-
parator’s outputs whenever a negative signal polarity is de-
tected. This maintains the proper output current coding, i.e.,
all ones for full scale and all zeros for zero scale.

The second clock pulse changes the ED input back to a logic
1 level because the CC signal changed. It also clocks the D

inputsignal of the Am2502 to its MSB output, and transfers it
to the SBinput of the Am6070. Depending upon the SB input
level, current will flow into the lgg(+) or Igg(—) output of the
Am6070.

Nine total clock pulses are required to obtain a digital binary
representation of the incoming analog signal at the eight
Am2502 digital outputs. The resulting Am6070 analog out-
put signal is compared with the analog input signal after
each of the nine successive clock pulses. The analog signal
should not be allowed to change its value during the data
conversion time. In high speed systems, fast changes of the
analog signals at the A/D system input are usually prevented
by using sample and hold circuitry.

Additional Considerations and Recommendations

In Figure 1, an optional operational amplifier converts the
Am6070 output current to a bipolar voltage output. When the
SB input is a logic 1, sink current appears at the amplifier's
negative input, and the amplifier acts as a current to voltage
converter, yielding a positive voltage output. With the SB
value at a logic 0, sink current appears at the amplifier's
positive input. The amplifier behaves as a voltage follower,
and the true current outputs will swing below ground with
essentially no change in output current. The SB input steers
currentinto the appropriate (+) or (—) output of the Am6070.
The resulting operational amplifier's output in Figure 1
should ideally be symmetrical with resistors R1 and R2
matched.

In Figure 2, two operational amplifiers measure the cur-
rents of each of the four Am6070 analog outputs. Resistor
tolerances of 0.1% give 0.1% output measurement error
(approximately 2uA at full scale). The input offset currents
of the A1 and A2 devices also increase output measure-
ment error and this error is most significant near zero
scale. The Am101A and 308 devices, for example, may be
used for A1 and A2 since their maximum offset currents,
which would add directly to the measurement error, are
only 10nA and 1nA, respectively. The input offset voltages
of the A1 and A2 devices, with output resistor values of
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Figure 3. Detailed Encoder Connections.
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2.5k(}, also contribute to the output measurement error by
a factor of 400nA for every mV of offset at the A1 and A2
outputs. Therefore, to minimize error, the offset voltages
of A1 and A2 should be nulled.

The recommended operating range for the reference cur-
rent lpge is from 0.1mA to 1.0mA. The full scale output
current, Igg, is a linear function of the reference current,
and may be calculated from the equation lrg = 3.8 Iggf.
This tight relationship between Iggr and g alleviates the
requirement for trimming the |grgr current if the Rper re-
sistors values are within +1% of the calculated value.
Lower values of Iggg will reduce the negative power sup-
ply current, {I-), and will increase the reference amplifier
negative common mode input voltage range.

The ideal value for the reference current Iggr = Vrer/RRer is
528uA. The corresponding ideal full scale decode and en-
code current values are 2007.75uA and 2039.75uA, respec-
tively. A percentage change from the ideal Iggr value pro-
duced by changes in Vg or Rgep values produces the same
percentage change in decode and encode output current
values. The positive voltage supply, V+, may be used, with
certain precautions, for the positive reference voltage VRge.
Inthis case, the reference resistor Rger(4+) should be splitinto
two resistors and their junction bypassed to ground with a
capacitor of 0.01uF. The total resistor value should provide
the reference current Igge = 528uA. The resistor Rpep(—)
value should be approximately equal to the Rggp(4) value in
order to compensate for the errors caused by the reference
amplifier’s input offset current.

An alternative to the positive reference voltage applications
shown in Figures 1, 2 and 3 is the application of a negative
voltage to the Vg(_, terminal through the resistor Rggr(—)
with the Rggp(y4) resistor tied to ground. The advantage of
this arrangement is the presence of very high impedance at
the Vg (_) terminal while the reference current flows from
ground through Rggg(y4) into the Vg4 terminal.

The Am6070 has a wide output voltage compliance suit-
able for driving a variety of loads. With Iggg = 528uA and
V- = —15V, positive voltage compliance is +18V and
negative voltage compliance is —~5.0V. For other values of
Iger and V-, the negative voltage compliance, Vgg(—)
may be calculated as follows:

Voc(_) =(V=)+ (2 Irer * 1.5kQ1) + 8.4V.

The following table contains Vgg(—) values for some
specific V—, Iggr, and lgg values.

Negative Output Voltage Compliance Voc ()

:IREF) 264uA | 528uA | 1056pA

V— FS'l (1mA) (2mA) (4mA)
—-12v —2.8V -2.0v —0.4V
—15Vv —-5.8V —5.0V —3.4V
—18Vv —8.8v —8.0v —6.4V

The V| ¢ input can accommodate various logic input
switching threshold voltages allowing the Am6070 to in-
terface with various logic families. This input should be
placed at a potential which is 1.4V below the desired logic
input switching threshold. Two external discrete circuits
which provide this function for non-TTL driven inputs are
shown in Figure 4. For TTL-driven logic inputs, the V¢
input should be grounded. If negative voltages are
applied at the digital logic inputs, they must have a value
which is more positive than the sum of the chosen V—
value and +10V.

With a V- value chosen between —15V and —11V, the
Voc(—) the input reference common mode voltage range,
and the logic input negative voltage range are reduced by an
amount equivalent to the difference between —15V and the

V- value chosen.

With a V+ value chosen between +5V and + 15V, the refer-
ence amplifier common mode positive voltagerange and the
V¢ input values are reduced by an amount equivalent to the
difference between +15V and the V+ value chosen.

ECL CMOS, HTL, NMOS

]

313k 3 20k

p KZN“M A" .—..k 2N3904
2N3904 .——t<2w39m

AAA TO PIN 10 b A TOPIN 10
g 39Kk v OVLc S 20k aA4 Vie
2620 . R 2400uA
4 <

-52V
(See Notes 2 and 3)

Figure 4. Interfacing Circuits for ECL, CMOS, HTL,
and NMOS Logic Inputs. LIC-249
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=] VR
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k&

IS G
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OUTPUT VOLTAGE (V)
INPUT CODE

(E/D,SB,Bq,....B7) | “A” | “B” | “C" | DIFF
10 1111111 0
10 110 1111 +602| NA [ Nia na |
10 000 0000 +10.00 i
[IRERRTLT} -500 | +500 { ~1000
011101111 +002 | +500 | —498
01 000 0000 N/A +5.00 +5.00 0
00 000 0000 +5.00 +5.00 °
0c110 1111 +5.00 +0.02 +4.98
001111111 +5.00 | —5.00 | +10.00

Figure 5. Resistive Output Connections. Lic-250

Notes: 2. Set the voltage A" to the desired logic input switching threshold.
3. Allowable range of logic threshold is typically —5V to +13.5V when operating the companding DAC on +15V supplies.
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ADDITIONAL DECODE OUTPUT CURRENT TABLES

Table3 .
Normalized Decoder Output (Sign Bit Excluded)
Chord (C) 0 1 2 3 4 5 6 7
Step (S) 000 001 010 011 100 101 110 m
0 0000 0 33 99 231 495 1023 2079 4191
1 0001 2 37 107 247 527 1087 2207 4447
2 0010 4 41 115 263 559 1151 2335 4703
3 0011 6 45 123 279 591 1215 2463 4959
4 0100 8 49 131 295 623 1279 2591 5215
5 0101 10 53 139 31 655 1343 2719 5471
6 0110 12 57 147 327 687 1407 2847 5727
7 0111 14 61 155 343 719 1471 2975 5983
8 1000 16 685 163 359 751 1535 3103 6239
9 1001 18 69 171 375 783 1599 3231 6495
10 1010 | 20 73 179 391 815 1663 3359 6751
1 1011 22 77 187 407 847 1727 3487 7007
12 1100 24 81 195 423 879 1791 3615 7263
13 101 26 85 203 439 911 1855 3743 7519
14 1110 28 89 211 455 943 1919 3871 7775
15 1 30 93 219 an 975 1983 3999 8031
Step Size 2 4 8 16 32 64 128 256
The normalized decode current, (I, s), is calculated using: where |¢, 5 is the corresponding normalized current. To ob-
Ie,s = 2(2°(S + 16.5) — 16.5) tain normalized encode current values the corresponding
where C = chord number; S = step number. The ideal de- normalized half-step value should be added to all entries in
code current, (lgp), in pA is calculated using: Table 3.
loo = (le, sfl7, 15(norm.)) * Irs (1A)
Table 4
Normalized Encode Level (Sign Bit Excluded)
CHORD 0 1 2 3 4 5 6 7
STEP 000 001 010 011 100 101 110 | 11
0 0000 1 35 103 239 511 1055 2143 4319
1 0001 3 39 m 255 543 119 2271 4575
2 0010 5 43 119 2n 575 1183 2399 4831
3 0011 7 47 127 287 607 1247 2527 5087
4 0100 9 51 135 303 639 1311 2655 6343
5 0101 1" 55 143 319 |. 67 1375 2783 ' 5599
.6 0110 13 59 151 335 703 1439 2911 5855
7 0111 15 63 159 351 735 1503 3039 6111
8 1000 17 67 167 367 767 1567 3167 6367
9 1001 19 7 175 383 799 | 1631 - 3285 6623
10 1010 21 75 183 399 831 1695 3423 6879
1 1011 23 79 191 415 863 1759 3551 7135
12 1100 25 83 199 431 895 1823 3679 7391
13 1101 27 87 207 447 927 1887 3807 7647
14 1110 29 91 215 463 959 1951 3935 7903
15 1111 31 95 223 479 991 2015 4063 8159
Step Size 2 - 4 8 16 32 64 128 256

Ig,s = 2[2C (5+17) - 165]

C = chord no. (0 through 7}
S = step no. {0 through 15)
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ADDITIONAL DECODE OUTPUT CURRENT TABLES (Cont.)

Table 5
Decoder Step Size Summary
Resolution &
Step Size Step Size Step Size Step Size in Step Sizeas a % Accuracy of
Normalized in uA with as a % of dB at Chord of Reading at Equivalent
Chord to Full Scale 2007.75uA FS Full Scale Endpoints Chord Endpoints Binary DAC
0 2 05 0.025% 0.60 6.67% Sign + 12 Bits
1 4 1.0 0.05% 0.38 4.30% Sign +11 Bits
2 8 2.0 0.1% 0.32 3.65% Sign + 10 Bits
3 16 4.0 0.2% 0.31 3.40% Sign + 9 Bits
4 32 8.0 04% 0.29 3.28% Sign + 8 Bits
5 64 16.0 0.8% 0.28 3.23% Sign + 7 Bits
6 128 32.0 1.6% 0.28 3.20% Sign + 6 Bits
7 256 64.0 3.2% 0.28 3.19% Sign + 5 Bits
Table 6
Decoder Chord Size Summary
Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints
Normalized to in uA with as a % of in dB Down
Chord Full Scale 2007.75uA FS Full Scale from Full Scale

0 . 30 7.5 0.37% —48.55

1 : 93 23.25 1.16% -38.73

2 219 54.75 2.73% -31.29

3 471 117.75 5.86% —24.63

4 975 243.75 12,1% -18.32

5 1983 495.75 24.7% -12.15

6 3999 999.75 49.8% —6.06

7 8031 2007.75 100% [¢]
APPLICATIONS

The companding D/A converter is particularly suited for ap-
plications requiring a wide dynamic range.

Systems requiring fine control resulting in a constant rate of
change or set point controls are economically achieved
using these devices.

Instrumentation, Control and u-Processor based applica-
tions include:

Digital data recording

PCM telemetry systems

Servo systems

Function generation

Data acquisition systems

Telecommunications applications include:
PCM Codec telephone systems
Intercom systems
Military voice communication systems
Radar systems
Voice Encryption

Audio Applications:
Recording
Multiplexing of analog signals
Voice synthesis




Am6070

BASIC CIRCUIT CONNECTIONS

T

+10V RANGE ENCODER/DECODER
CONNECTIONS

£70V INPUT

COMPLIANCE EXTENSION
USING AC COUPLED OUTPUT

IREF = VIN/RIN + VREF/RREF
IFs ~4 * IREF

Lic-253

VRer DIGITAL INPUTS VRer DIGITAL INPUTS Ry
+10v OV 25k
18.94 :;94
Kat
" By Bg By By By By By SB z;ﬁ 4) " By Bg Bg B4 By B, By SB EIIB )
Vag) OF () L VA OF ()
= 50k2 TREF Amé6070
VRi-) ANALOG
12 ouTePUT
| 50V
2060
10V .
ouTPUT 4
25k
N IDEAL VALUES:
IREF = 528uA
LIC-251 Igg = 2007.75pA LIC-252
LOW INPUT IMPEDANCE CONNECTION HIGH INPUT IMPEDANCE CONNECTION
DIGITAL INPUTS DIGITAL INPUTS
VREF e VREF e
2R N “ree RﬁFF
N = Rin —-— NES B5 By By B2 By SBE/D (1) By Bg Bg By By By 8 SBE/D (v
v yve v A Toe | v, ToE
O WA Vae An070 [} Lvee N o -
™ teee " in O o—ret ]y AmEOT
ey S lop W =] VR 1op
L] v v Vie v- Ve Vie t
13 18 10 13 138 10
15V lusv = <L —18v lnsv JT'

IREF = (VREF — VIN)/RREF
IFs ~ 4 ¢ IREF

LIC-254

LOGARITHMIC DIGITAL GAIN CONTROL
(Notes 4 & 5)

ATTENUATION

REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT

~6dB/CHORD ~ CHANNEL 5kQ

Veer ~ .3dB/STEP  SELECT 25 N

oy — T V
000000

20k

LIC-255

RF VOLTMETER
_OSCII.I.DSCOFE

DISTORTION
ANALYZER

" B Bg Bg By By By By SB E/D ()
n [
Vag) OF ()
Am6070

1gp ¥

LIC-256

Notes: 4. Low distortion outputs are provided over a 72dB range,

5. Up to 4 channels of output may be selected by E/D and SB logic inputs,
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SERIAL DATA TRANSCEIVING CONVERTER
(1/2 OF SYSTEM SHOWN)

SEND/RECEIVE O 5y o )
TRANSMIT INPUT COMMAND J_ -L
5V ANALOG IN ‘HIGH = SEND 4 cLock START
? o LOW = RECEIVE
1/4
7486
4 TIME SHARED
- BI-DIRECTIONAL
_]r__ O seiaL DATA
= 25 25 BUS
GROUND FOR b2 14 10 15T 8 . ~
NON-DIFFERENTIAL 74126 =
PU N ve GND
—C
Am2502
7 {SAR) .
o SUCCESSIVE OENDOFCONV. L
APPROXIMATION
REGISTER -
MSB 158
131z 1| 6] 5] a]3
cL
Q P f—d
v ©
7474
PR
i. REF—OI
v +10v
|| 2| 3 af[s|[ef7}8]o
1/ EBse 81 B2 83 B4 BS B B tagaka
loet+)
1 1
10g(-) VReFt
Am6070 12
DIFFERENTIAL Vagpi-)
ANALOG AerF-)
CURRENT 1opt-)
ouTPUT V- v+ vic 20k
RECEIVE OUTPUT |3l 'Bl 0
~15v. +15v

i
U]

LIC-258

Notes: 3. The SAR is used as a serial-in/parallel out register in the re-
1. Complementary send/receive commands are required for the ceive mode.______ i
two ends. 4, CLOCK and START may be connected in parallel at both ends.

5. Conversion is completed in 9 clock cycles.

2. START must be held low for one clock cycle to begin a send
6. Receive output is available for one full clock cycle.

or receive cycle.

Metallization and Pad Layout

5 B
By 4 B,
Bs 3 B
Bg 2 sB
By
Vic
1 E/D
VRer(+) 18 v+
17 lop(-)
Vrer(-) 16 lop(+)
v- 15 lgg(-)
14 1og(+)

DIE SIZE 0.080" X 0.114"
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AMo072

Companding D-to-A Converter for PCM Communication Systems

Distinctive Characteristics

® Improved pin-for-pin replacement for DAC-86
® Tested to D3 compandor tracking specification ® Microprocessor controlled operations
® Absolute accuracy specified — includes all errors over ® Multiplying operation
temperature range ® Negligible output noise
® Settling time 300ns typical ® Monotonicity guaranteed over entire dynamic range
® Ideal for multiplexed PCM systems ® Wide output voltage compliance
® Qutput dynamic range of 72 dB ® [_ow power consumption
GENERAL DESCRIPTION
The Am6072 is a monolithic 8-bit, companding digital-to- range. The Am6072 is tested to the Bell D3 channel bank com-
analog (D/A) data converter with true current outputs and pandor tracking specification for pulse code modulation
large output voltage compliance for fast driving a variety of (PCM} transmission systems. The application of the Am6072
loads. The transfer function of the Am6072 complies with the in communication systems provides an increased signal-to-
Bell System u-255 companding law, Y =.0.18 In (1 + ux}, and noise ratio, reduces system signal distortion, and stimulates
consists of 15 linear segments or chords. A particular chord is wider usage of computerized channel switching. Other appli-
identified with the sign bit input, (SB), and three chord select cation areas include digital audio recording, voice synthesis,
input bits. Each chord contains 16 uniformly spaced linear and secure communications. When used in PCM communica-
steps which are determined by four step select input bits. The tion systems, the Am6072 functions as a complete PCM de-
resulting dynamic range achieved with this 8-bit format is coder with additional encoding capabilities which make it ideal
72dB. Accuracy and monoticity are assured by the internal for implementation in CODEC circuits.
circuit design and are guaranteed over the full temperature
FUNCTIONAL BLOCK DIAGRAM CONNECTION DIAGRAM
CHORD BITS § Top View
TEP BITS
B B By By B; B By [T} D-18-1
3 |s& |s [ 07 ?l s ?2 Tv
l I | l 1 : .
Tors 14 ENCODE/DECODE SELECT: 1= ENCODE 1 E E/B. v+ j 18 POSITIVE POWER SUPPLY
CHORD DECODER ":“” SIGN BIT INPUT: 1= PoSITIVE 2 [] 58 lopi—} [ ] 17 DECODER OUT: £/5 8= 00
1
- mSon ‘I:E‘; MOST SIGNIFICANT CHORD BIT INpUT 3 [] Bt 'opi+) [] 16 DECODER OUT: E/D $B = 01
e 's 0 "700(; SECOND CHORD BIT INPUT 4 [| B2 logi-) [ ] 15 ENCODER OUT: E/D SB =10
Ien topi-} | LEAST SIGNIFICANT CHORD BIT INPUT 5 [ B3 1oet+) [ ] 14 ENCODER OUT: E/D SB =11
1,
_l ° MOST SIGNIFICANT STEP BIT INPUT 6 E B V- j 13 NEGATIVE POWER SUPPLY
| "
SECOND STEP BIT INPUT 7 E Bg VRI—) ] 12 NEGATIVE REFERENCE INPUT
CHORD PEDESTAL
SELECTOR GENERATOR THIRD STEPBITINPUT 8 [} Bg VR(+) {_] 11 POSITIVE REFERENCE INPUT
1 | LEAST SIGNIFICANT STEP BIT INPUT 9 [ ] B Vic [] 10 THRESHOLD CONTROL
" fen ] ‘ len
CHORD AND
s s eRon
Vn(—)l
Top View
uc-275 o Wt e d” Pin 1 is marked for orientation. Lic-276
ORDERING INFORMATION* SIMPLIFIED CONVERSION TRANSFER FUNCTIONS
* Decoder Encoder
Characteristic Characteristic
Part Number Temperature Accuracy DIGITAL
ou‘T’:?}%?S CUTPUT(+)
Am6072DM | —55°Cto +125°C | Conforms to D3 Spec.
Am6072DC 0°C to +70°C Conforms to D3 Spec.
DIGITAL ANALOG
*Also available with burn-in processing. To order add suffix B neuri-) INPUT-)
to part number. DIGITAL ANALOG
INPUT (+) INPUT (4
ANALCG
QUTPUT(~} LiC-277 g{ﬂ;‘:h_)
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MAXIMUM RATINGS above which useful life may be impaired o : -
V+ Supply to V— Supply 36V | Operating Temperature .
V¢ Swing V— plus 8V to V+ MIL Grade —55°C to +125°C
Output Voltage Swing V- plus 8V to V— plus 36V COM'’L Grade 0°Cto +70°C
Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C
Reference Input Differential Voltage 18V | Power Dissipation Ta < 100°C 500mW
Reference Input Current 1.25mA | For Ta > 100°C derate at . 10mwW/°C
Logic Inputs V—plus 8V to V—plus 36V | Lead Soldering Temperature 300°C (60 sec)

GUARANTEED FUNCTIONAL SPECIFICATIONS

Resolution : +128 Steps
Monotonicity For both groups of 128 steps and over full operating temperature range
Dynamic Range 72dB, (20 log (17, 15/10, 1))

ELECTRICAL CHARACTERISTICS (Note 1) R

These specifications apply for V4=+15V, V— = —15V, IREF=528uA, 0°C<TA <+70°C, forthe commercial grade, —=55°C< TA
< +125°C, for the military grade, and for all 4 outputs unless otherwise specified.

Parameter Description Test Conditions Min. Typ. Max. Unit
t Settling Time . To within +1/2 step at Tp = 25°C, _ 300 500 ns
Output switched from 175 to Igg :
Chord Endpoint Accuracy
Step Nonlinearity
'EN Encode Current
(D) VREF = +10,000V
FS Full Scale Current Deviation from ldeal RREF+ = 18.94kQ See Table 1 for absolute accuracy
IFs(E) R — 20k limits which cover all errors related
’ REF— to the transfer characteristic.
lo(+)—lol-) Full Scale Current Symmetry Error -5V < VouT < +18V
Izs Zero Scale Current
AlFg Full Scale Current Drift
Voc Output Voltage Compliance Output within limits specified by Table 1 -5 - +18 Volts
IDIS Disable Current Leakage of output disabled by E/D or SB - 5.0 50 nA
IFSR Output Current Range 0 2.0 4.2 mA
ViL Logic Input Logic 0" - - 0.8 Volts
~.o T Vie=0ov
VIH Levels Logic “1 2.0 —- - = Volts
IIN Logic Input Current VN = —5V to +18V = - 40 HA
Vis Logic Input Swing V—=-15V -5 - +18 Volts
IBREF— Reference Bias Current - -1.0 —-4.0 MA
di/dt Reference Input Slew Rate 0.12 0.25 — mA/us
PSSIEgs Power Supply Sensitivity Over Supply Range V+ =+4.5to +18V, V— = =15V - 0.005 0.1 dB
PSSlEg_ (Refer to Characteristic Curves) V—=—10.8V to —18V, V+ = +15V - 0.01 0.1
I+ V+ =45V to +16V, V— = —15V, - 2.7 4.0 .
Power Supply Current mA
- Ipg = 2.0mA - —6.7 —8.8
S V—=—15V,VouT =0V | V+=45V - 114 152
Pp Power Dissipation _ mw
i IFs = 2.0mA V+ = +15V - 141 192

lote 1. Ina companding DAC the term LSB is not used because thé step size within each chord is different. For example, in the first chord around zero (Cg)
the step size is 0.5pA, while in the last chord near full scale (C7) the step size is 64uA.
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TYPICAL PERFORMANCE CURVES

Reference Amplifier

Total Harmonic Distortion ’ Reference Amplifier
Versus Frequency (80kHz Filter) Reference Amplifier Input Common-Mode Range
(Notes 6, 7, 8) Input Frequency Response (Note 9)
10 +4 32 -
. I “
2 08 H 11 28
o See Note 8 [ o ] < |
E-' 0.2 N ) b f 24 1
g o 5 SMALL SIGNAL SRRPT) Al ad Viz sy
2 005 E - 100mV PEAK o] IReE = 0.5mA |
° 2 -6} (1% MODULATION) T 16
Z o VR B RTTREAI 3
= = 12
Z oo = I 1| MR \ 5
< 5 LARGE SIGNAL E s IgeF =0.25mA Y]
T 0008 RGE SIGNAL 2 -12}(SLEW RATE LIMITED) 1) 3 1 |
£ 0.002 | INPUT +5V PEAK 1 5V PEA 04 o
o 20921 (505 mobuLATION) (50% MODULATION) l |
¥ 0.00 . rarey JRT TSI AT ° |
10 10 10k 10k 100k 100 1k 10k 100k M oM 21410 -6 -2 2 6 10 14 18
FREQUENCY — Hz FREQUENCY — Hz REFERENCE COMMON-MODE VOLTAGE
AT Vggp PIN -V
Output Current Versus
Power Supply Currents Power Supply Currents Output Voltage
Y
Versus Power Supply Voltages Versus Temperature {Output Voltage Compliance)
8.0 - 8.0 T 44 T 7
< - < - 40
£ 70 I-vs. V-t | E 70 — g ] =1.0mA
. : 1 1 36 [ REF = 1.0m.
= 6 5 60
g 2 U320 A= Tiin to Twax
£ 50 Z 50 £ 28F  v-=-15v
=) 2 Ipg = 2.0mA ] 24
g a0 S a0 [ 2'0 IREF = 0.5mA
et % !
& 30 1+vs, Ve —— g 30 ] ° 16 | Il I[
5 1
w
E 2,0 } | } £ 20 % 1.2 -IREF = 0.25mA -]
o .
§ 1.0[ ALL BITS "HIGH" OR "LOW” — ] § 1.0} ALL BITS “HIGH" OR “LOW"" ——] 3:’ 1 R
=2.0m, = = X
ol—t 1 |Fs TR R T | . V?‘ -:15\1.,V‘ .15y L 0 !
0 2.0 40 6.08.0 10 12 14 16 18 20 7550 0 50 100 150 “14-10 6 -2 2 6 10 14 18
POSITIVE OR NEGATIVE POWER SUPPLY — V TEMPERATURE - °C OUTPUT VOLTAGE —V
Logic Input Current '
Versus Input Voltage
Bit Transfer Characteristics and Logic Input Range Output Full Scale Current
(Note 10) (Note 11) Versus Reference Input Current
<
O3S TT T T 1T T § oS
- IREF = 0.5mA « | Igep=05ma o L TA=TMIN o TMAX
0.30 B i ALL BITS “HIGH
< N V-=-15V . a0
E 5 B1_| | | = 20| Vig=ov s
| 0.2 0244 2 &
5 [ £ 30
& 020 € ]
£ g 4
-
3 015 5 2 20
—= 2 ) >
2 oo s 3
5 ves—zv it Lt s S50 5 40
O gosl NN It 0055 S e
. =
N 83 0.023 5
RERIREE | o E
-12 -8 -4 0 4 8 12 18 -12 -8 4 0 4 8 12 16 3 (] 0.5 1.0
LOGIC INPUT VOLTAGE — V LOGIC INPUT VOLTAGE — V REFERENCE CURRENT, IRgf — mA LiC-289

6. THD is nearly independent of the logic input code.

7. Similar results are obtained for a high input impedance connection using VR(—) as an input.

8. Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signal bandwidth. For an input of +2.5V peak {25%
modulation), the bandwidth is 100kHz. )

9. Positive common mode range is always (V+) —1.5V.

0. All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating
temperature range. - . .

.11. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply.
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ELECTRICAL CHARACTERISTICS (Cont.)

TABLE 1
ABSOLUTE DECODER OUTPUT CURRENT LEVELS IN uA
v STEP CHORD NO.
NO. 0 1 2 3 4 5 6 7
—.250 7.789 24,048 56.112 120.24 248.49 505.00 1018.02
0 .000 8.250 24.750 57.750 123.75 255.75 519.75 1047.75
.250 8.739 25473 59.436 127.36 263.22 534.93 1078.34
250 8.733 25.991 59.998 128.01 264.04 536.10 1080.21
1 .500 9.250 26.750 61.750 131.75 271.75 551.756 1111.78
.750 9.798 27.531 63.553 135.60 279.69 567.86 1144.21
.750 9677 27934 63.885 135.79 279.59 567.19 1142.39
2 1.000 10.250 28.750 65.750 139.75 - 287.75 583.75 1175.75
1.250 10.857 29.590 67.670 143.83 296.15 600.80 1210.08
1.250 10621 29.878 6771 143.56 29513 598.28 1204.58
3 1.500 11.250 30.750 69.750 147.75 303.75 615.75 1239.75
1.750 11917 31.648 71.787 152.06 312.62 633.73 1275.95
1.750 11.565 31821 71.658 151.33 310.68 629.37 1266.76
4 2.000 12.250 32.750 73.750 155.75 319.76 647.75 1303.75
2.250 12.976 33.708 75.904 160.30 329.09 666.66 1341.82
2.250 12,509 33.764 75.544 159.10 326.22 660.46 1328.94
5 2.500 13.250 34.750 77.750 163.75 335.75 679.75 1367.75
2.750 14.035 35.765 80.020 168.53 345.55 699.60 .1407.69
2.750 13.453 35.707 79431 166.88 341.77 691.56 1391.13
6 3.000 14.250 36.750 81.750 171.76 351.7% 711,75 1431.75
3.250 15.094 37.823 84.137 176.77 362.02 732.53 1473.66
3.250 14,397 37651 ' 83.317 174.65 357.32 72265 1453.31
7 3.500 15.250 38.750 85.750 179.75 367.75 - 743.75 1495.75
3.750 16.154 39.882 88.254 185.00 378.49 765.47 1539.43
3.750 15.341 39:594 87.204 182.42 37286 ©753.74 1515.50
8 4.000, 16.250 40.750 89.750 187.75 383.75 775.75 1559.75
4.250 17.213 41.940 92.371 193.23 394.96 798.40 | 1605.30
4248 16.285 41537 91.090 190.20 388.41 784.83 1577.68
9 4.500 17.250 42,750 93.750 195.75 399.75 807.75 1623.75
4.767 18.272 43.998 96.488 201.47 411.42 831.34 1671.16
4.720 17.229 43.480 94977 197.97 403.95 815.92 1639.87
10 5.000 18.250 44,750 97.750 203.75 415,75 839.75 1687.75
5.296 19.331 46.057 100.604 209.70 427.89 864.27 1737.03
5.192 18.173 45424 98.863 205.74 419.50 847.02 1702.05
" 5.500 19.250 46.750 101.750 211.75 431.75 871.75 1751.75
5.826 19.812 48.115 104.721 21793 444.36 897.21 1802.90
5.664 19.675 47.367 102.750 21352 435.05 878.11 1764.23
12 6.000 20.250 48.750 105.750 219.75 447.75 903.75 1815.75
6.356 20.841 50.174 108.838 22617 460.82 930.14 1868.77
6.136 20647 | 49310 106.636 221.29 450.59 909.20 1826.42
13 6.500 21.250 50.750 109.750 227.75 463.75 935.75 1879.756
6.885 21.871 52.232 112.955 234.40 477.29 963.07 1934.64
6.608 21.619 51.253 110.523 229.06 466.14 940.29 1888.60
14 7.000 22.250 52.750 113.750 235.75 479.75 967.75 1943.75
7415 22.900 54.290 117.072 24263 493.76 996.01 2000.51
7.080 22.590 53.197 114409 236.83 48168 971.39 1950.79
15 7.500 23.250 54.750 117.750 243.75 495.75 999.75 2007.75
7.944 23929 56.349 121.188 250.87 ° 510.23 1028.94 2066.38
STEP 5 1 2 4 8 1
SIZE i & 32 64

Minimum, ideal and maximum values are specified for each step. The minimum and maximum values are
specified to comply with the Bell D3 compandor tracking requirements. All four outputs are guaranteed,
the encode outputs being specified to limits a half step higher than those shown above. This takes into
account the combined effects of chord endpoint accuracy, step nonlinearity, encode current error, full
scale current deviation from ideal, full scale symmetry error, zero scale current, full scale drift, and output
impedance over the specified output voltage compliance range. Note that the guaranteed monotonicity
ensures that adjacent step current levels will not overlap as might otherwise be implied from the minimum
and maximum values shown in the above table.

’ TABLE 2
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo)
CHORD
0 1 2 3 4 5 6 7
STEP
o - —44.73 =35.18 —-2782 -21.20 —14.90 -8.74 -2.65
1 —69.07 —43.73 -34.51 —27.24 —20.66 -14.37 -8.22 -2.13
2 —63.05 —42.84 -33.88 —-26.70 -20.15 —13.87 -7.73 -1.65
3 —59.53 —42.03 -33.30 —2618 -19.66 -13.40 -7.27 -1.19
4 —-57.03 -41.29 -32.75 —25.70 -19.21 —12.96 -6.83 —0.75
5 —55.10 —4061 —32.24 —26.24 -18.77 -~1253 —6.41 -0.33
6 =53.51 -39.98 —=31.75 —24.80 ~18.36 —12.13 -6.01 +0.06
7 -52.17 -39.39 -31.29 —24.39 -17.96 -11.74 —5.63 +0.44
8 —51.01 -38.84 -30.85 ~23.99 —17.58 -11.37 —5.26 +0.81
9 —49.99 —38.32 ~30.44 -2361 ~17.22 —11.02 —491 +1.16
10 —49.07 -37.83 -30.04 -23.25 -16.87 -10.68 —457 +1.49
" —48.25 -31.37 —29.66 —-22.90 ~16.54 —-10.35 -4.25 +1.82
12 | 4749 | 3693 | -2929 -2257 —1622 | -1003 ~393 +2.13
13 —46.80 —36.51 —2895 —22.25 -1591 —-9.73 -363 4243
14 ~46.15 -36.1 —-2861 ~21.94 -1561 -9.43 -3.34 +2.72
15 —45.55 -35.73 —28.29 —2163 -15.32 -9.15 —-3.06 +3.00

The —37 dBmo and —50 dBmo output points significant for the Bell D3 system specification can be found
between steps 11 and 12 on chord 1, and steps 8 and 9 on chord 0, respectively. Qutputs corresponding to
points below —50dB are specified in Table 1 for an accuracy of £ a half step.
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THEORY OF OPERATION

Functional Description

The Am6072 is an 8-bit, nonlinear, digital-to-analog conver-
ter with high impedance current outputs. The output current
value is proportional to the product of the digital inputs and
the input reference current. The full scale output current, Igg,
is specified by the input binary code 111 1111, and is a linear
function of the reference current, Iggr. There are two operat-
ing modes, encode and decode, which are controlled by the
Encode/Decode, (E/D), input signal. A logic 1 applied to the
E/D input places the Am6072 in the encode mode and current
will flow into the log(+) or log(-) output, depending on the
state of the Sign Bit (SB} input. A logic 0 at the E/D input
places the Am6072 in the decode mode.

The transfer characteristic is a piece-wise linear approxi-
mation to the Bell System u-225 logarithmic law which
can be written as follows:

Y =0.18%n (1 + & IX]) sgn (X)

where: X = analog signal level normalized to unity
(encoder input or decoder output)
Y = digital signal level normalized to unity
(encoder output or decoder input)
n = 255

The current flows from the external circuit into one of four
possible analog outputs determined by the SB and E/D in-
puts. The output currenttransferfunction can be represented -
by a total of 16 segments or chords addressable through the
SB input and three chord select bits. Each chord can be
further divided into 16 steps, all of the same size. The step
size changes from one chord to another, with the smallest
step of 0.5uA found in the first chord near zero output cur-
rent, and the largest step of 64uA found in thelastchord near
full scale output current. This nonlinear feature provides
exceptional accuracy for small signal levels near zero output
current. The accuracy for signal amplitudes corresponding
to chord 0 is equivalent to that of a 12-bit linear, binary D/A
converter. However, the ratio (in dB) between the chord

endpoint current, (Step 15), and the current which corres-
ponds to the preceding step, {Step 14), is maintained at about
0.3dB over most of the dynamic range. The difference bet-
ween the ratios of full scale current to chord endpoint cur-
rents of adjacent chords is similarly maintained at approxi-
mately 6dB over most of the dynamic range. Resulting
signal-to-quantizing distortions due to non-uniform quantiz-
ing levels maintain an acceptably low value over a 40dB
range of input speech signals. Note that the 72dB output
dynamic range for the Am6072 corresponds to the dynamic
range of a sign plus 12-bit linear, binary D/A converter.

In order to achieve a smoother transition between adja-
cent chords, the step size between these chord end points
is equal to 1.5 times the step size of the lower chord.
Monotonic operation is guaranteed by the internal device
design over the entire output dynamic range by specify-
ing and maintaining the chord end points and step size
deviations within the allowable limits.

Operating Modes

The basic converter function is conversion of digital input
data into a corresponding analog current signal, i.e., the
basic function is digital-to-analog decoding. The basic de-
coder connection for a sign plus 7-bit input configuration is
shown in Figure 1. The corresponding dynamic range is
72dB, and input-output characteristics conform to the stan-
dard decoder transfer function with output current values
specified in Table 1. The E/D input enables switching bet-
ween the encode, log(+) or log(—). and the decode, lgp(4) or
lop(—) outputs. A typical encode/decode test circuit is shown
in Figure 2. This circuit is used for output current measure-
ments. When the E/D input is high, (a logic 1), the converter
will assume the encode operating mode and the output cur-
rent will flow into one of the Igg outputs (as determined by
the SB input). When operating in the encode mode as shown
in Figure 3, an offset current equal to a half step in each chord
is required to obtain the correct encoder transfer characteris-
tic. Since the size of this step varies from one chord to
another, it cannot easily be added externally. As indicated in
the block diagram this required half step of encode current,

Rq
25k

VREF

Le

By Bg Bg By B3 By By $B E/D

1
VREF (4
——

(. Amg072

VREF(-]
2 (8]

V- v+

l

IREF = VREF/RREF
IDEAL VALUES: IREF = 528uA, IEg = 2007.75uA

Rpee— |13 8
2062 X

—15v 5V

Lic-278

E/D | sB | By
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(+) ZERO SCALE +1 STEP
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Figure 1. Detailed Decoder Connections.
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Amé6072

lens is automatically added to the lgg output through the
internal chip design. This additional current will, for exam-
ple, make the ideal full scale current in the encode mode
larger than the same current in the decode mode by 32uA.
Similarly, the current levels in the first chord near the origin
will be offset by 0.25uA, which will bring the ideal encode
currentvalue for step 0 on chord 0 to £0.251A with respect to
the corresponding decode current value of 0.0nA. This addi-
tional encode half step of current can be used for extension
of the output dynamic range from 72dB to 78dB, when the
converter is performing only the decode function. The cor-
responding decoder connection utilizes the E/D input as a
ninth digital input and has the outputs lop(4+) and log(+) and
the-outputs lgp(—) and log(-) tied together, respectively.

When encoding or compression of an analog signal is re-
quired, the Am6072 can be used together with a Successive
Approximation Register (SAR), comparator, and additional
SSI logic elements to perform the A/D data conversion, as
shown in Figure 3. The encoder transfer function, shown on
page 1, characterizes this A/D converter system. The first task
of this system is to determine the polarity of the incoming
analog signal and to generate a corresponding SB input
value. When the proper Start, S, and Conversion Complete,
CC, signal levels are set, the first clock pulse sets the MSB
output of the SAR, Am2502, to a logic 0 and sets all other
parallel digital outputs to logic 1 levels. At the same time, the
flip-flop is triggered, and its output provides the E/D input
with alogic0level. No current flows into the lgg outputs. This
disconnects the converter from the comparator inputs, and
the incoming analog signal can be compared with the
ground applied to the opposite comparator input. The result-
ing comparator output is fed to the Am2502 serial data input,
D, through an exclusive-or gate. At the same time, the sec-
ond input to the same exclusive-or gate is held at a logic 0
. level by the additional successive approximation logic
shown in Figure 3. This exclusive-or gate inverts the com-
parator’s outputs whenever a negative signal polarity is de-
tected. This maintains the proper output current coding, i.e.,
all ones for full scale and all zeros for zero scale.

The second clock pulse changes the ED input back to a logic
1 level because the CC signal changed. it also clocks the D

input signal of the Am2502 to its MSB output, and transfers it
to the SB input of the Am6072. Depending upon the SB input
level, current will flow into the log(+) or log(—) output of the
Am6072. :

Nine total clock pulses are required to obtain a digital binary
representation of the incoming analog signal at the eight
Am2502 digital outputs. The resulting Am6072 analog out-
put signal is compared with the analog input signal after
each of the nine successive clock pulses. The analog signal

" should not be allowed to change its value during the data

conversion time. In high speed systems, fast changes of the
analog signals at the A/D system input are usually prevented
by using sample and hold circuitry.

Additional Considerations and Recommendations

In Figure 1, an optional operational amplifier converts the
Am6072 output current to a bipolar voltage output. When the
SB input is a logic 1, sink current appears at the amplifier’s
negative input, and the amplifier acts as a current to voltage
converter, yielding a positive voltage output. With the SB
value at a logic 0, sink current appears at the amplifier's
positive input. The amplifier behaves as a voltage follower,
and the true current outputs will swing below ground with
essentially no change in output current. The SB input steers
current into the appropriate (+) or {(—) output ofthe Am6072.
The resulting operational amplifier's output in Figure 2
should ideally be symmetrical with resistors R1 and R2
matched.

In Figure 2, two operational amplifiers measure the cur-
rents of each of the four Am6072 analog outputs. Resistor
tolerances of 0.1% give 0.1% output measurement error
{approximately 2uA at full scale). The input offset currents
of the A1 and A2 devices also increase output measure-
ment error and this error is most significant near zero
scale. The Am101A and 308 devices, for example, may be
used for A1 and A2 since their maximum offset currents,
which would add directly to the measurement error, are
only 10nA and 1nA, respectively. The input offset voltages
of the A1 and A2 devices, with output resistor values of
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Figure 3. Detailed Encoder Connections.
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2.5k, also contribute to the output measurement error by’

a factor of 400nA for every mV of offset at the A1 and A2
outputs. Therefore, to minimize error, the offset voltages
of A1 and A2 should be nulied.

The recommended operating range for the reference cur-
rent lggr is from 0.1mA to 1.0mA. The full scale output
current, Igg, is a linear function of the reference current,
and may be calculated from the equation Igg = 3.8 Iger.
This tight relationship between Igge and Igg alleviates the
requirement for trimming the !gep current if the Rggg re-
sistors values are within 1% of the calculated value.
Lower values of Iggr will reduce the negative power sup-
ply current, (I-), and will increase the reference amplifier
negative common mode input voltage range.

The ideal value for the reference current Iggr = VRep/RRer is
528uA. The corresponding ideal full scale decode and en-
code current values are 2007.75uA and 2039.75uA, respec-
tively. A percentage change from the ideal Iggg value pro-
duced by changes in Ve or Ryee values produces the same
percentage change in decode and encode output current
values. The positive voltage supply, V+, may be used, with
certain precautions, for the positive reference voltage Vggg.
Inthis case, the reference resistor Rrer(4) should be splitinto
two resistors and their junction bypassed to ground with a
capacitor of 0.01uF. The total resistor value should provide
the reference current lggr = 528pA. The resistor Rpgr(—)
value should be approximately equal to the Rggr(4) valuein
order to compensate for the errors caused by the reference
amplifier's input offset current.

An alternative to the positive reference voltage applications
shown in Figures 1, 2 and 3 is the application of a negative
voltage to the Vg(_ terminal through the resistor Rgr(—)
with the Rpep(4) resistor tied to ground. The advantage of
this arrangement is the presence of very high impedance at
the Vg, terminal while the reference current flows from
ground through Rggg(4) into the Vg4 terminal.

The Am6072 has a wide output voltage compliance suit-
able for driving a variety of loads. With |lggr = 528uA and
V- = -156V, positive voltage compliance is +18V and
negative voltage compliance is —5.0V. For other values of
lrer and V—, the negative voltage compliance, Voc(—).
may be calculated as follows: : .

Voc(_) = (V=) + (2 IRer * 15kQ) + 8.4V.

The following table contains Vp¢(-) values for some
specific V-, Iggg, and g values.

Negative Output Voltage Compliance VO ()

'REF| 264uA | ©528uA | 1056uA
v— st (ima) | 2mA) | (4mA)
-12V -28V -2.0vV -04V
—-15V —5.8v -5.0v -3.4V
—-18V -8.8V —-8.0v —6.4V

The V| ¢ input can accommodate various logic inptit
switching threshold voltages allowing the Am6072 to in-
terface with various logic families. This input should be
placed at a potential which is 1.4V below the desired logic
input switching threshold. Two external discrete circuits
which provide this function for non-TTL driven inputs are
shown in Figure 4. For TTL-driven logic inputs, the V¢
input should be grounded. If negative voltages are
applied at the digital logic inputs, they must have a value
which is. more positive than the sum of the chosen V-
value and +10V.

With a V- value chosen between —15V and —11V, the
Voc(—) the input reference common mode voltage range,
and the logic input negative voltage range are reduced by an
amount equivalent to the difference between —15V and the
V-~ value chosen.

With a V+ value chosen between +5V and +15V, the refer-
ence amplifier common mode positive voltage range and the
Vi ¢ input values are reduced by an amount equivalent to the

- difference between +15V and the V+ value chosen.

ECL CMOS, HTL, NMOS
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Figure 4. Interfacing Circuits for ECL, CMOS, HTL,
and NMOS Logic Inputs.
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- OUTPUT VOLTAGE (V)
_INPUT CODE

(E/D,8,By,...,B7) | “a* | “B" | “c” | DIFF
10 11111 o
101101111 +5.02 N/A N/A N/A
10 000 0000 +10.00
o11inn -5.00 +5.00 -10.00
011101111 +0.02 +5.00 —4.98
01 000 0000 N/A +5,00 +5.00 0
00 000 0000 +5.00 +5.00 0
001101111 +5.00 +0.02 +4.98
001111111 +5.00 —5.00 +10.00

Figure 5. Resistive Output Connections.

Notes; 2. Set the voltage "'A" to the desired logic input switching threshold.

3. Allowable range of logic threshold is typically —5V to +13.5V when operating the companding DAC on +15V supplies.
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ADDITIONAL DECODE OUTPUT CURRENT TABLES

Table 3
Normalized Decoder Output (Sign Bit Excluded)
Chord (C) 1} 1 2 3 4 5 6 7
Step (S) 000 001 010 on 100 101 110 111
0 0000 0 33 99 231 495 1023 2079 4191
1 0001 2 37 107 247 527 1087 2207 4447
2 0010 4 41 115 263 559 1151 2335 4703
3 0011 6 45 123 279 591 1215 2463 4959
4 0100 8 49 131 295 623 1279 2591 5215
5 0101 10 53 139 311 655 1343 2719 5471
6 0110 12 57 147 327 687 1407 2847 5727
7 ot11 14 61 155 343 719 1471 2975 5983
8 1000 16 65 163 359 751 1535 3103 6239
9 1001 18 69 17 375 783 1599 3231 6495
10 1010 20 73 179 391 815 1663 3359 6751
1 1011 22 77 187 407 847 1727 3487 7007
12 1100 24 81 195 423 879 1791 3615 7263
13 1101 26 85 203 439 911 1855 3743 7519
14 1110 28 89 211 455 943 1919 3871 7775
15 1111 30 93 219 47 975 1983 3999 8031
Step Size 2 4 8 16 32 64" 128 256

The normalized decode current, (l¢,s), is calculated using:

Ic,s = 2(25(S + 16.5) — 16.5)

where C = chord number; S = step number. The ideal de-

where Ig, g is the corresponding normalized current. To ob-
tain normalized encode current values the corresponding
normalized half-step value should be added to all entries in

code current, {lgp), in nA is calculated using: Table 3.
lop = (lc, sfl7, 15tnorm.)) * lrs (1A)
Table 4
Decoder Step Size Summary
Resolution &
Step Size Step Size Step Size Step Size in Step Sizeasa % Accuracy of
Normalized in uA with as a % of dB at Chord of Reading at Equivalent
Chord to Full Scale 2007.75uA FS Full Scale Endpoints Chord Endpoints Binary DAC
0 2 05 0.025% 0.60 6.67% Sign + 12 Bits
1 4 1.0 0.05% 0.38 4.30% _Sign + 11 Bits
2 8 20 0.1% 0.32 3.65% Sign + 10 Bits
3 16 4.0 0.2% 0.31 3.40% Sign + 9 Bits
4 32 8.0 04% 0.29 3.28% Sign + 8 Bits
5 64 16.0 0.8% 0.28 3.23% Sign + 7 Bits
6 128 320 1.6% 0.28 3.20% Sign + 6 Bits
7 ' 256 64.0 3.2% 0.28 3.19% Sign + b5 Bits
Table 5
Decoder Chord Size Summary
Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints
) Normalized to in uA with as a % of in dB Down
Chord Full Scale 2007.75uA FS Full Scale from Full Scale

0 30 ' 75 0.37% —4855

1 93 23.25 1.16% —38.73

2 219 54.75 2.73% -31.29

3 an 117.75 5.86% —24.63

4 975 243.75 121% -18.32

5 1983 495.75 24.7% —12.15

6 3999 999.75 49.8% —6.06

7 8031 2007.75 100% 0
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BASIC CIRCUIT CONNECTIONS

+10V RANGE ENCODER/DECODER
CONNECTIONS
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(Notes 4 & 5)
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Notes: 4. Low distortion outputs are provided over a 72dB range.

5. Up to 4 channels of output may be selected by E/D and SB logic inputs.
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TIME SHARED CONVERTER CONNECTIONS

SINGLE CHANNEL PCM CODEC — PARALLEL DATA I/O

(Am)LF358

I

APPLICATION INFORMATION

1.

To perform a transmit operation cycle the START pulse
must be held low for one clock cycle; the receive opera-
tion is performed without the successive approximation
register, SAR.

. XMT and RECEIVE command signals are mutually exclu-

sive.

. Duration of the RECEIVE command signal must

accommodate the Am6072 settling time plus the sam-
pling time required by the sample and hold, (S & H),
circuit used at the CODEC's analog output. The receiving
data must not change during this time.

. A XMT command signal must be issued after a high-to-

low transition of the CONVERSION COMPLETE, CC, sig-
nal. Its duration depends on the time required by the
digital time division switch circuitry to sample the 8-bit

. parallel transmit data bus.
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RECEIVE CONVERSION xwT
[ COMMAND I Ioomnns | f j— COMMAND
SAMPLE COMMAND ] +6.0V
FOR A XMT CYCLE +IsV [+s0v :
410 16 ] /\
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FILTER i 4
comp LY 7 SUCCESSIVE APPROXIMATION 12
) o REGISTER (SAR) | P
7 ms8 i LsB ZI__
1u[3f]r
/e 7456 413121 6|5 fa [3 1 { amsr2s [®
o) 3——
~15v
D 2
— 30 } -
4 z
]
XMT 9 =
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cL 1 | 2
. —a c |4
127474 B
o p— o
PR J,': 15 3
>
13 14 2
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RECEIVE - g _L' .
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RECEIVE loo (-} v,
1 - T

RREF-.
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6. Dataconversion for atransmit operation iscompletedin 9

clock cycles because the SAR must be initialized befare
every new conversion. Data conversion for a receive op-
eration corresponds to the Am6072 settling time; the re-
ceiving and transmit data transfers can be done simul-
taneously by employing separate transmit and receive
data buses and utilizing data storage devices for the re-
ceive data.

6. A sample command pulse for a transmit operation can

coincide with the START pulse; its duration depends on
the sample and hold circuit used at the CODEC's analog
input.

7. Asample command pulse for a receive operation must be

delayed from a low-to-high transition of the RECEIVE
‘command signal by an amount equal to the Am6072 set-
tling time. Its termination can coincide with a high-to-low
transition of the RECEIVE command signal.
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TIME SHARED CONVERTER CONNECTIONS (Cont.)

SINGLE CHANNEL PCM CODEC — SERIAL DATA I/O
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APPLICATION INFORMATION

1. Before_beginning either a transmit or a receive operation,
the START signal must be held low for one complete clock

cycle.

2. XMT and RECEIVE command signals are mutually exclu-
sive. Their durations must accommodate the time required
for conversion of an outgoing or an incoming series of 8 di-

gital bits, respectively.

3. Data conversion for either operation, transmit or receive, is

completed in 9 clock cycles.
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4. During the receive cycle the successive approximation re-

5. A sarhple command

6. A sample command

gister,” SAR, is acting as a serial-in to parallel-out shift re-
gister, with data supplied from data storage devices.

pulse for a transmit cycle must be is-

sued before a XMT command signal; its duration depends
on the sample and hold, S & H, circuit used.

pulse for a receive cycle must be de-

layed by a time equal to the Am6072 settling time after a

CC, signal occurs.

high-to-low transition of the CONVERSION COMPLETE,
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COMPANDOR TRACKING SPECIFICATION

COMPANDOR TRACKING TEST BLOCK DIAGRAM

The Am6072 can perform the decoding function in a D3 channel bank system. During signalling frames the
least significant bit, B7, of each 8-bit word is used for signalling messages and only seven bits are used for
sample coding. In order to minimize the quantizing error during these signalling frames, the Am6072 output
is increased by a half step from its corresponding decode output value by switching the E/D input from a
logic level O to a logic 1.
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D3 NOISE AND DISTORTION SPECIFICATION
The Am6072 has a negligible idle channel noise contribution. Signal-to-quantizing-distortion ratio, (S/D), is
guaranteed to exceed the minimum values specified for D3 channels as follows:
Input Level 1020 Hz Sinewave S/D, C-Message Weighting
0 to —30 dBmo 33dB
At —40 dBmo 27dB
At —45 dBmo 22dB
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Data Conversion with
Companding DAC Devices

By Dragan Milojkovic
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INTRODUCTION

Modern electronic systems are replacing many of the analog
signal processing and transmission functions with digital data
processing. The use of digital electronics can lead to im-
provements in system cost, performance, accuracy and relia-
bility. Digital systems can transmit-many signals on the same
line in a multiplexed mode and do not suffer from the same
kinds of noise and crosstalk problems that are inherent in
analog systems. The digital processing of analog information
requires conversion of the analog signal into digital form and
the reverse conversion of the digital result back into an analog
signal. Analog to digital converters, (ADC), and digital to
analog converters, (DAC), perform these functions. The DAC
is the key circuit element in both of these processes since it is
used in a feedback loop to generate the ADC function.
Monolithic technology has advanced dramatically in the last
few years making low cost 8-bit DACs a reality today; in the
near future, 10 and 12-bit monolithic DACs will also become
avaitable. This trend in DAC technology will help accelerate
the trend toward more digital. processing and transmission of
analog information.

Many analog signals vary in amplitude from very small values
to very large values. The dynamic range of a converter is a
measure of its ability to handle a wide range of input
amplitudes and is defined as the ratio of the largest resolvable
signal (V)y max.) to the smallest signal (V;y min.) that can be
handled. This ratio is often expressed in decibels using the
conversion formula 20 log (Viymax/V,ymin). Linear DACs re-
solve a ratio of 2™:1, (n equals the number of bits), or n » 6dB.
An 8-bit linear DAC, for example, resolves a ratio of 256:1 or
48dB.

The accuracy of a converter is a prime concern in most appli-
cations. Accuracy is generally specified with respect to the full
scale output (as a percent of full scale) or to the smallest step
size (i.e., +1/2LSB refers to =1/2 of the smallest step size).
Linear converters tend to be more accurate as the number of
steps increases because the step size decreases. Many sys-
tems require high accuracy as a percent of the input signal
level rather than as a percent of full scale. The accuracy as a
percent of input signal level (reading) decreases as the signal
level decreases because the amount of error is constant. An
8-bit linear DAC with an accuracy of .2% of full scale (x1/2
LSB) has an accuracy of .2% of reading for input signals
near full scale, but an accuracy of only 20% of reading for an
input near 1% of full scale.

For many types of applications, the accuracy and dynamic .

range of an 8-bit linear DAC are sufficient. However, there are
many classes of problems that require a wider dynamic range
to handle signal ratios of several thousand to one. Voice
processing, speed control and music synthesis fall into this
category. A 12-bit linear DAC provides a wider dynamic
range, 72dB, and higher accuracy than an 8-bit linear DAC.
However, these devices are very expensive, and, furthermore,
it turns out that while most applications require the dynamic
range of the 12-bit linear DAC they do not require its ac-
curacy. A nonlinear DAC can provide such performance with
fewer digital bits. It does so by using a nonlinear transfer
characteristic to compress an analog signal into a digital word,
and a complementary transfer characteristic to expand the
digital values into analog signals with a wide dynamic range.

An 8-bit nonlinear DAC can achieve a 72dB dynamic.range
with accuracy expressed as a percent of reading that ranges
from 1.6% to 3.2% over the entire dynamic range of the de-
vice. The overall nonlinear analog to digital and digital to

Companding DAC

analog conversion procedure is called the companding pro-
cess. This note will discuss the Am6070 family of Compand-
ing DACs and their applications.

Companding Principles

Companding transfer functions were originally developed to
satisfy the requirements of telephone voice communication
systems. Studies of speech signals have shown that the dis-
tribution of amplitudes covers a range of several thousand to
one and that the lower. amplitude signals occur more often
than the large amplitude signals. More attention should, there-
fore, be paid to the low level signals. It is important to main-
tain a better signal to distortion ratio (the ratio of signal level
to conversion error) for low level signals at the expense of a
poorer ratio for the less probable high level signals. In order
to accomplish this goal, a logarithmic type of transfer charac-
teristic is used with more steps at low levels and fewer steps
at high levels.

A true logarithmic function has a discontinuity at zero and
thus cannot be used directly for signal compression. A modi-
fied transfer characteristic with the form "log (1+x)” can be
used to smooth the characteristic near zero. Two popular
schemes have been developed — the u-law by the Bell sys-
tem for use in U.S. telephone systems and the A-law by the
CCITT for use in European systems. They can be described
by the following mathematical equations:

u-law: Y = 0.18 In (1+x|X]|) sgn (X)
ALaw: Y = 0.18 (1 + In (A|X|)) sgn (X), 1/A < |X|< 1
Y = 0.18 (A|X}) sgn (X), 0<|X|< 1A

where: X = analog signal level normalized to unity
(encoder input or decoder output)
Y = digital signal level normalized to unity
(encoder output or decoder input)
p=255and A = 87.6

Both functions require that the size of the analog output
change increase for each increasing digital code. In order to
implement such a function, an overly complex analog circuit
would be needed. This requirement is met, instead, by a
piecewise linear approximation. In this approximation, an 8-bit
digital word generates 256 analog outputs with a transfer
characteristic which is symmetrical about the origin. Figure 1
shows the u-law and A-law transfer characteristics and the
linear 8-bit DAC transfer characteristic. The positive 128 steps
are divided into 8 segments or chords of 16 steps each, from
step 0 to step 15. The step size is constant within a chord
and doubles for each increasing chord. If the step size in the
first chord, chord 0, is assigned a value of 1, -the next chord,
chord 1, has a step size of 2, chord 2 has a step size of 4,
etc. The last chord has a step size of 128 units and ends
roughly at the value 4000. The 128 steps represent a 7-bit
digital word with a dynamic range of 72dB, 20 log (4000:1),
which is equivalent to the dynamic range of a 12-bit linear
DAC.

The above description describes the u-law curve. The A-law
differs from the u-law only in the first two chords. The step
size in the A-law DAC does not change between the first and
second chords, but doubles in all succeeding chords. The
A-taw DAC has a 1/2 step offset at zero so that the positive
and negative zero codes do not generate the same point. The
A-law DAC has a dynamic range of 62dB which is equivalent
to an 11-bit linear DAC.
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- Fig. 1. Transfer Functions for u-Law and A-Law Decoders.

Analog to Digital Conversion Using DACs

A digital input word to a DAC corresponds to an exact and
unique analog output level. The total number of discrete out-
put levels, m, depends on the number of DAC binary inputs,
(m=2", n = number of input bits), and each output level is
specified to be within a certain error band of its ideal value.
An analog input to an ADC, on the other hand, may have an
infinite number of signal levels which must be represented
with only a finite number of digital output combinations. The
output code, ideally, identifies the digital word that most
closely represents the analog input. The classical way to gen-
erate a fast ADC function is to use a DAC in a feedback loop
together with special ADC logic, employing a comparator and
a successive approximation register (SAR). The feedback
loop compares the DAC output with the analog input and de-
cides whether. the digital code is greater than or less than the
input to the DAC. The input to the DAC is then increased or
decreased accordingly, and another comparison is made. This
technique causes each bit to be changed one at a time, and,
by comparing the DAC’s output with the analog input, the
value of that bit is determined. Modification of one bit at a
time, starting with the most significant bit and ending with the
least significant bit, leads to an output which with each suc-

cessive bit becomes a closer approximation of the input level.

A total of n comparisons are needed for an n-bit converter.

The overall transfer characteristic of the entire ADC system is
shown in Figure 2a. The ADC logic approximates the input
analog signal by rounding off to the closest lower digital value.
The maximum uncertainty in the digital representation of the
analog input will be a full bit. In order to reduce this uncer-
tainty, the ADC transfer curve can be modified to round to the
nearest digital code, instead of the lowest, by adding a half
step offset to the characteristic as shown in Figure 2b. The
ADC now changes its outputs for analog inputs halfway be-
tween digital code points and gives a reading with =1/2 step
uncertainty. The half step offset necessary for better ADC ac-
curacy is easily provided by increasing the DAC’s analog out-
put level by a half step whenever the DAC is used in an ADC
scheme. This additional half step is easy to generate with
linear DACs because of their constant step size throughout
the entire dynamic range. For a Companding DAC this addi-
tion is much more difficult since the step size varies with sig-
nal value. In order to alleviate this problem, the Companding
DAC has a built in capability to produce an appropriate half
step offset signal at its output by a logic command. When this
command input (E/D pin) is at logic 0, the Companding DAC
is in the decode mode and the output will not contain the half
step offset current. When the command input is at logic 1, the
DAC is in the encode mode, i.e., within an ADC scheme, and
the output current is increased by the correct half step for any
input mode.
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Fig. 2. Transfer Characteristic of an A to D Conversion System.

Companding DACs in Industrial Systems

Companding DACs differ from linear DACs in output dynamic
range, transfer function, and the size of intermediate output
steps. Comparable 8-bit linear DACs, such as the popular
AmDAC-08, have a linear transfer characteristic with 256
linear steps, where each step is 8uA in size. The AmDAC-08
has a dynamic range of only 48dB while the 8-bit Com-
panding DAC, (Am6070), has an output dynamic range of
72dB, which is also achievable with a 12-bit linear DAC. The
output current increments of the Companding DAC, corres-
ponding to small output signals, are significantly smaller than
8uA, which is the step size for the AmMDAC-08. The step sizes
in the first four chords of the Companding DAC transfer func-
tion are 0.5uA, 1.0uA, 2.0uA, and 4.0uA, respectively, with a
total of 64 steps and a current value at the end of the fourth
chord of approximately 100uA. By comparison, the AmDAC-
08 uses only 12 uniform steps to resolve a 100uA output cur-
rent level.

Given the assumption that most industrial systems employ an
8-bit digital data bus, the 8-bit DAC is a logical choice for
interfacing with these systems. Companding DACs can be
used in the same general applications as the AmDAC-08, particu-
larly for reconstruction of analog signals with dynamic ranges that
exceed 48dB. One example is the measurement of gas or liquid
pressure, in an industrial environment, by pressure transducers
with a pressure range of 0 to 3000PSI. Another example is digital
recording of sound signals which usually exhibit a very large
dynamic range.

The Companding DAC's logarithmic-like nonlinear transfer
function suggests the application of this device for simulation
of nonlinear waveforms which can be generated by converting
a sequence of bytes, from an 8-bit processor, into an analog

signal with an exponential shape. This type of signal can be
used in nonlinear control systems such as motor velocity con-
trollers. Additionally, the high resolution and accuracy of the
Companding DAC transfer function, for small output signal
levels, provide a very smooth and precise analog contro! sig-
nal to devices whose outputs are voltage or current depen-
dent.

In general, the Companding DAC should be used in any sys-
tem where a large dynamic range is needed. Such systems
include servo motor controls, electromechanical positioning,
voice and music synthesis and recording, secure communica-
tions, log sweep generators, digital control of gain and attenu-
ation, and microprocessor controlled signal generation.

Companding DACs in PCM Transmission Systems

The companding laws were developed to satisfy the require-
ments of the telephone system for the digital transmission of
voice signals. Voice signals exhibit a dynamic range of sev-
eral thousand to one. To transmit this information with 8-bit
words and retain reasonable accuracy at low levels, a com-
panding transfer characteristic must be used to compress the
analog signal prior to transmission and to restore the original
signal after reception. The transmission of an analog signal in
a digital format involves sampling, quantizing (A to D conver-
sion), and compressing the analog signal as shown in Figure
3. The receiver must perform the complementary functions of
expansion, digital to analog conversion and filtering to restore
the analog signal waveform. The entire procedure is known as
pulse code modulation, (PCM), and is the prevalent technique
for digital transmission in communication systems. Currently,
the Bell u-law is the standard in the United States and the
CCITT A-law is the standard in Europe.
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Fig. 3. Pulse Code Modulation Example.
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Fig. 5. One-Way PCM Transmission System Implemehted with Companding DAC.

A simplified block diagram of a PCM transmission system is
shown in Figure 4. The analog signal must be sampled at a
rate that is at least twice as fast as the-maximum bandwidth
of the system, (3.4KHz), in order fo achieve satisfactory signal
reproduction at the receiver site. (This requirement is based
on the Nyquist sampling theorem.) The telephone system
uses a sampling rate of 8kHz which allows 125us between
samples. During this time the entire signa! sampling, quan-
tizing, encoding; and multiplexing must be completed.

" The companding DAC is a complete PCM decoder (receiver)
that performs both the decoding and D/A conversion. The
DAC has additional encoding capabilities which make it very
attractive for use in CODECs (a CODEC is both an Encoder
and Decoder). The transfer characteristics of this device
closely follow the characteristics defined by the u-law,
(Am6072). A typical connection of a Companding DAC in a
PCM transmission system is shown in Figure 5. In the trans-
mitter side, the Companding DAC operates in a feedback loop
using an SAR to perform the data encoding function. The cor-
responding logarithmic transfer curve for the entire feedback
loop portion of the transmitter is also shown in Figure 5. The
value of the sampled signal is estimated by a series of 9 itera-
tions until its appropriate quantized digital representation ap-
pears at the 8-bit paralle! data output of the SAR. This 8-bit
digital code will be transmitted to the digital inputs of another
Companding DAC for the decoding operation. The input/output
transfer function for the Companding DAC is also shown in
Figure 5. -

The Companding DAC can be used in PCM decoders, en-
coders or complete CODECs. It is a high speed device that is
capable of handling more than one channel in a multiplexed
system. In multi-channel systems Companding DACs can be
configured in a variety of ways depending on the number of
channels, the method of transmission, (serial or paralle! data),
and synchronization of the system. A single Companding DAC
can be used, for example, to decode all 24 channels in a
standard Bell D3 data bank.

COMPANDING DAC CIRCUIT DESCRIPTION

General Circuit Description

The basic function of the 8-bit, Companding DAC is to convert
a digital input value into an analog output current. The output
current is a function of the digital data inputs and the input
reference current. The full scale current, Igs, is generated by
the 7-bit data input binary code 111 1111, and is a linear
function of the reference current, Iggg. There are two oper-
ating modes, Encode and Decode, which are controlled by the
Encode/Decode, (E/D), digital control signal. The output
dynamic ranges achieved with the sign-plus-7-bit Companding
DACs are 62dB (A-law) and 72dB (u-law) which correspond
to the output dynamic ranges of sign-plus-11-bit and sign-
plus-12-bit linear binary DACs. Digital data and control inputs
provide for easy digital control of converter operations in
computer based data conversion systems.
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The internal device design assures the accuracy and Detailed Circuit Description

monotonicity of the Companding DAC over the entire dynamic
and temperature ranges by maintaining the chord end points
and step size deviations within allowable limits. Parametric
deviations and requirements can be expressed in terms of
corresponding step fractions which are applied throughout the

Companding DAC

The block diagram of the Companding DAC is shown in Fig-
ure 6. The circuit consists of the following five major blocks:

® The chord generator produces the total current for each
chord or segment of the curve.

entire output dynamic range. In industrial environments it is e The pedestal generator generates the pedestal or starting
customary to specify allowable deviations from ideal paramet- point for each chord.

ric values within = half a step. However, the u-law and A-law ® The step generator generates the proper step current for
based PCM communication systems specify the output cur- each chord. .

fent deviations in terms of dB, with respect to Igs. Further- ® The chord decoding logic decodes the chord inputs and
more, these communication requirements in dB cannot be

translated to some reasonable “step fraction” deviation which cuits.

will be common for the entire output dynamic range. Con-
sequently, Companding DACs applied in communication sys-
tems must be tested against specific output current values
. which are calculated separately for each step of the transfer
characteristic. This difference between communication and in-
dustrial Companding DAC devices is recognized by Advanced
Micro Devices which offers u-law devices for both the industrial
market, Am6070 and the telecommunication market, Am6072.

These Companding DACs are manufactured in an 18-pin
package. There are seven digital data inputs, (B1 through
B7), two contro! digital input signals, (SB, E/D), and four
analog current outputs, (lop(+). loo(—)» loe(+)s log-))- The
maximum output current value or full scale current, Igg, is de-
termined by the value of the reference current, Iggg, supplied
to the Companding DAC via two analog reference inputs,
(Vr(+) and Vg(—)). There are three power supply connections

(V—, V+ and Ground).

controls the inputs to the pedestal and step generator cir-

e The output switching matrix sums the step and pedestal
currents and routes them to the proper output node.

To understand the circuitry of the Companding DAC it is im-
portant to understand how the companding curve is gener-
ated. The companding curve is a piecewise linear approxi-
mation of an exponential characteristic. It consists of 16 linear
segments centered around the origin. The curve is symmetri-

cal around the origin so we need only examine the positive

portion of the curve. Each segment or chord consists of six-
teen steps, step 0 through step 15, and the size of each step
doubles as the chord number increases. In order to smooth
out the characteristic as the chords change, the step current
value for the first step of each higher chord, step’0, is set to
be 1 1/2 times larger than the step current values in the lower
chord. The succeeding fifteen steps, step 1 to step 15, are 2
times larger than steps of the previous chord. Figure 7 shows

a detailed synthesis of the companding function. The first
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Fig. 6. Companding DAC Functional Block Diagram.
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Fig. 7. Construction of u-Law Transfer Function.

chord, CO, is generated from a current source, lgg. The sec-
ond-chord, C1, starts at current lp;, (known as the pedestal
current), and is generated from a current source, I¢q, Which is
twice the value of lgo. The next chord current source, Iga,
starts at a pedestal current lp; and has a total value equal to
four times Igq. This process continues with each chord N hav-
ing a total chord current equal to 2Vl and starting at.a
pedestal current which equals the summation of all currents in
the lower chords: :

N—1
b= 3 (lcm+ 1520y =165 3 Iy, (Ipg = 0),
PN M:O M=0 M PO

where |y is the step current value in chord M.

The generation of the pedestal current by summing the lower
chords ensures monotonic behavior in the transition between
chords. The selection of the proper step within the given
chord is accomplished by routing the chord current, Igy,
through a step generator which chooses the proper fraction of
the chord current necessary to generate the selected number
of steps. The resulting net output current gy, can be ex-
pressed in terms of step currents, ly, corresponding to the
chord N:

N-1
lour = lpn + S+ Iy = (165 MEO i) + S+ Iy, (Ipg = 0),

where S
number =

step number
1,...,7.

0,1,...,15 and N chord

0,

The circuit has 9 digital inputs, an 8-bit word and a control bit.
The 8-bit digital input word is broken into three parts. The first
bit is the sign bit and specifies whether the output lies in the
positive or negative portion of the curve. The next three bits
define which of the 8 chords is to be selected. This three bit
field has a value designated as N which is between 0 and 7.
The last four bits specify one of the sixteen steps and has a
value equal to S. The control bit is the E/D signal which con-
trols the output switching.

The chord generator is the key element in the DAC. It must
generate eight binary weighted chord currents and is similar
to an 8-bit linear DAC. The detailed schematic, shown in Fig-
ure 8, shows a master/slave ladder arrangement biased from
a reference amplifier and transistor. The reference amplifier
forces the base voltage of the reference transistor, (Qg), to
the value required to sink the reference current. This voltage
will bias the master ladder so that Q1 runs at 2+lggg, Q2 at
lrer, Q3 at .5elggr, and Q4A and Q4B at .25+Iger each. The
slave array uses a binary weighted resistor array to generate
the lower four chord currents by dividing the current from
Q4B. An 8-bit linear DAC does not require the resistor array
in the slave ladder but the Companding DAC does, in order to
ensure 12-bit linearity in Chord 0. The LSB current in an
AmDAC-08 is 8uA =4uA while the Chord 0 current source in
an Am6070 has a value of 8uA =.5uA.
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Fig. 8. Chord Current Generator Diagram (Indicated current values correspond to the u-law DAC).
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Fig. 10. A-Law Step Current Generator. .

The chord select inputs, B1, B2, B3, control a one of eight
decoder that selects one of the chords, routes that chord cur-
rent source to the step generator and switches all the lower
order chord current sources to the pedestal generator.

The step generator for the u-law characteristic is shown in de-
tail in Figure 9. This circuit divides the total chord current
source, Iy, into 33 equal parts, and the step current value,
In, is equal to 2/33 of the chord current source. The 33 parts
accommodate the required 1.5 step transition between
chords, so that the total internal chord current source is equal
td 16.5 steps. The step generator is similar to a four bit DAC
but has six current source outputs to generate 8, 4, 2, 1, 1
and 1/2 step currents. This current division can be done using
emitter area scaling with enough accuracy to meet the
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monotonicity and linearity specifications without the use of
emitter resistors. The four step bit inputs can choose from 0
to 15 steps to be switched into the output summing network.
The 1/2 step current is used as the encode offset current in
the encode mode and will track the value of the chord current.
When the transition to the next chord is made, the full chord
current is switched to the pedestal generator causing a
change in the output of 1.5 steps, i.e., from 15 steps to 16.5
steps. The step selector uses a fully differential current switch
to ensure high speed performance. This switch does not re-
quire capacitive charging and discharging of low current
nodes and has a nearly constant 40ns propagation delay over
the dynamic range of the varying chord currents, from the first
step current on chord 0 of .5uA to the last step current on
chord 7 of .5mA.
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The output summing network sums the outputs of the pedes-
tal generator, step generator, and encode current, and routes
the current to the output selected by the combination of SB
and E/D. If the E/D input is high, the encode current, Igy, is
summed with the step and pedestal currents and is routed to
log(+), if SBis 1, or to lgg(—), if SB is 0. If E/D is low, only the
step and pedestal currents are summed and sent to the out-
put; the output current is routed to lop(+) or lop(—) depending
on the state of SB. Only one output will be active and the
other outputs will be in a high impedance, off, state.

. Generation of the u-Law and A-Law Characteristics

The up-law and A-law devices have similar characteristics
which differ in the chords near zero. In the u-law device, the
step size doubles when chord 0 ends and chord 1 begins and
the first step of chord zero is equal to zero, and the points for
positive and negative zero are the same. In the A-law curve,
the step size does not change between chord 0 and chord 1.
The first two chords are colinear and the step size does not
start doubling until chord 2. Additionally, the A-law curve has
a 1/2 step offset at the zero point so that positive and nega-
tive zero are not equal. These differences in the two com-
panding laws are relatively minor and the two laws can be
generated from the same integrated circuit with only minor
modifications.

The u-law curve is generated using the earlier described step
generator. If step size in the first chord is set to be .5uA, the
internal chord O current source must be 8.25xA (16.5 x .5uA).
Each succeeding internal chord current source doubles in
value so that the last two chord current sources are 528uA
and 1056upA. The reference current is equal to 1/2 the largest
current source, so the required reference current is 528uA.
The full scale output current can be calculated by summing all
the internal current sources and subtracting 1.5 steps from the
most significant chord, because the full scale current output
requires only 15 steps out of the available 16.5 steps to be
switched into the output. This gives a full scale current of
2007.75uA. The output current for -any point on the com-
panding curve can be calculated in terms of the internat chord
0 source, 8.25uA, and its step value, .5uA, using the follow-
ing formula:

Ins = ((2N ~ 1)+ 8.25uA) + (S oN, 5uA)
TABLE 1

NORMALIZED A-LAW DECODER OUTPUT
(SIGN BIT EXCLUDED)

where N represents the chord number and S the step
number. The first term represents the pedestal current value;
the second term the value of the steps in the selected chord.

The A-law curve is generated by using the step generator
shown in Figure 10. The internal chord current source is di-
vided into 32 equal parts with current source values of 8, 4, 2,
1, 1/2 and 1/2 steps. The zero offset is generated by sum-
ming a 1/2 step current with the output of the step generator
independent of input code. The range of output values of the
step generator is from 1/2 step to 15.5 steps, and the internal
chord current source has a value equal to 16 steps. The 1.5
step transition is accomplished by switching the total internal
chord current source to the pedestal generator, i.e., adds 1/2
step, (the encode current lgy), and summing the 1/2 step
offset current from the next higher chord, which is the same
as one step on the lower chord. .

The A-law Companding DAC doubles the size of the chord 0
current source g from the u-law I value by connecting the
collector of Q8B to Q8A instead of its base as indicated in
Figure 8, so that it is equal to the chord 1 current source. The
reference current is adjusted to set the first chord step size to
1nA and the internal chord O current source value to 16uA.
The last two chords will have internal current source values of
512uA and 1024uA each. The reference current required to
bias the chord generator is 512uA. The full scale output cur-
rent can be calculated by summing all the internal chord cur-
rent sources and subtracting 1/2 step from the last chord, be-
cause only 15.5 steps of the 16 steps in the last chord are
switched to the output. The full scale current is nominally
2016uA. The current at any point on the A-law companding
curve can be calculated by using the following formula:

Ing = (2S+1) « .5uA, for N=0, and
= @¥ e 16.5uA) + @V ¢S 1pA), for N = 1.

Output Current Tables

All output current values on the A-law transfer characteristic
curve are higher than corresponding u-law current values, be-
cause of the larger step sizes in chord 0 for the A-law charac-
teristic. The different step sizes in chord 0 ‘were originally

~suggested by the International Telegraph and Telephone

: TABLE 2
NORMALIZED p-LAW DECODER OUTPUT
(SIGN BIT EXCLUDED)

CHORD (C)
STEP (S) CHORD (€} STEP (5) @
] 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
[] 1 33 66 132 264 528 1056 2112 0 ) 33 99 231 495 1023 2079 4191
1 3 35 70 140 280 560 1120 2240 1 2 37 107 247 527 1087 2207 4447
2 5 37 74 148 296 592 1184 2368 2 4 41 15 263 559 1151 2335 4703
3 7 39 78 156 312 624 1248 2496 3 6 45 123 279 591 1215 2463 4959
4 9 41 82 164 328 656 1312 2624 4 8 49 131 295 623 1279 2591 5215
5 1 43 86 172° 344 688 1376 2752 5 10 53 139 an 655 1343 2719 5471
6 13 45 90 180 360 720 1440 2880 [ 12 57 147 327 687 1407 2847 5727
7 15 47 94 188 376 752 1504 3008 7 14 61 155 343 719 1471 2975 5983
8 17 43 98 196 392 784 1568 3136 8 16 65 163 359 751 1535 3103 6239
9 19 51 102 204 408 816 1632 3264 9 18 69 hkal 375 783 1599 3231 6495
10 21 53 106 212 424 848 1696 3392 10 20 73 179 391 815 1663 3358 6751
mn 23 55 110 220 440 880 1760 3520 1 22 7 187 407 847 1727 3487 7007
12 25 57 14 228 456 912 1824 3648 12 24 81 185 423 879 179 3615 7263
13 27 59 118, 236 462 944 1888 3776 13 26 85 203 439 911 1855 3743 7519
14 29 61 122 244 488 976 1952 3904 14 28 89 211 455 943 1919 3871 7775
15 kil 63 126‘ 252 504 1008 2016 4032 15 30 93 219 471 975 1983 ;999 8031
STEP SIZE 2 2 4 8 16 32 64 128 STEP SIZE 2 4 8 16 32 64 128 256
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TABLE 3
IDEAL A-LAW DECODER OUTPUT VALUES EXPRESSED
IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo)

Companding DAC

TABLE 4
IDEAL u-LAW DECODER OUTPUT VALUES EXPRESSED
IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo)

CHORD CHORD
STEP STEP

0 1 2 3 4 5 6 7 [ 1 2 3 4 5 ) 7

0 | -69.11| -3874 | -3572 | -26.70 | -20.68 | —14.66 | -8.64 | -2.62
1 | -59.57 | -38.23 | -32.21) -26.19 | -20.17 | ~14.15 | -8.13 | 2.1 S 6907 -_:‘;773 -gi-'sﬁ _?7'224 —223-22 “11-93‘; -3-7242 -g-?g
2 ~55. —37. 31, - _ - - _ —69. . —-34. —27. —20. —14, -8. -2,
$5.13) -37.75| -31.73 | -2571 | ~1968 | ~13.66 | -7.64 | -1.62 2 | _6305 | —42:84 | —33.88 | —26.70 | -20.15 | —13.87 | —7.73 | ~1.65
3 | -5221| -37.29 | ~31.27 | -25.25 | —19.23 | -13.21 | -7.18 | -1.17 3 |-6953 | —42.03| -3330 | —26.18 | —19.66 | —13.40 | —7.27 | -1.19
4 | -5003| -3685 | ~30.83 | 2481 | -1879 | -12.77 | -675 | -073 4 |-5703| 4129 -32.75 | —25.70 | —19.21 | ~12.96 | —6.83 | -0.75
5 |-4828| -3644|-3042 | -24.40 [ -18.38 | -12.36 | -6.34 | -0.32 5 | 5510 | 4061|3224 | ~25.24 | 1877 | ~12.53 | —641 | -0.33
6 | -46.83 | -36.05 | —30.03 | —24.00 | -17.98 | -11.96 | -594 | +0.08 6 | _s351 | ~39.98 | ~31.75 | —24.80 [ —18.36 | ~1213 | —6.01 | +0.06
7 | -4559|~3567 | -29.65 | ~2363 | ~17.61 | 11,59 | -557 | +0.46 7 | -5217 | —39.39 | —31.29 | —24.39 | —17.96 | —11.74 | —563 | +0.44
8 |-4450| -3531|-2929 | -2327 | -17.24 | -11.22 | -5.20 | +082 8 |-5101| -3884 | -30.85 | —23.99 | —17.58 | —11.37 | -5.26 | +0.81
9 -43.54 | -3496 | ~28.94 | -22.92 [ -16.90 | -1088 | -486 | +1.16 9 —49.99 | —38.32 | -30.44 [ ~2361 | —17.22 | -11.02 | —491 +1.16
10 | -4267 | -34.62 | -28.60 | -22.58 | -16.56 | ~1054 | -4.52 | +1.50 :“’ ::gg; "g;gg 'g‘g'g‘é ‘%333 -:g-g; —:gg: i *:gg
- — - — - - . .. —J37. —29 - - —=10.. - +1.4
1141881 -3430 | 2828 ) -22.26 | ~16.24 | ~1022 | -420 | +182 12 | 4749 | 3693 | —29.29 | ~2257 | ~1622 | ~10.03 | 383 | +2.13
12| Z41151 -33.99 | -27.97 | ~21.95 | -15.93 | -991 | -389 | +2.13 13 | 4680 | 3651 | —28.05 | —22.25 | —1591 | —9.73 | —3.63 | +243
13 | -4048 | ~33.69 [ -27.67 | -21.65 | 1563 | -9.61 | -353 | +243 18 | 4615 | Z3611 | —28.61 | —21.94 | —18061 | 043 | —334 | +2.72
14 ~39.86 | -33.40 | -27.38 | -21.36 | -1534 | -9.32 | -3.30 | +2.72 15 4555 | —35.73 | —28.20 ) —21.63 | —15.32 | -9.15 | —~3.06 | +3.00

15 |-39.28 | -33.12 | -27.10 | ~21.08 | -15.06 | -9.04 | -3.02 | +3.00

Consultive Committee (CCITT), in its recommendation for the
encoding laws in Pulse Code Modulation communication sys-
tems for voice frequency signals of commercial quality.

This recommendation contains several different tables with in-
formation for A-law and u-law encoding requirements. The
most important pair of tables contain all 128 distinctive de-
coder output current values expressed in normalized units.
The normalized current output values for A-law and u-law
Companding DACs are presented in Tables 1 and 2, respec-
tively. Step 0 of chord O in the A-law table is equal to the
value of one normalized unit, whereas the corresponding
normalized zero current value in the u-law table is zero. The
actual size of this normalized unit is NOT REQUIRED TO BE
THE SAME for A-law and for u-law, 'and entries in Tables 1
and 2 should not be used for any comparison of the two en-
coding laws. Each table, independently, provides the infor-
mation for a particular encoding law about required relation-
ships between the output current magnitudes. In addition, the
input data coding for Table 2, which contains entries for the
u-law normalized output values, is the one’s complement of
the input data codes suggested by the original CCITT and
Bell D3 specification. However, data input coding shown in
Tables 1 and 2 is accepted as standard input data coding in
order to have consistent data coding for u-law and A-law
Companding DACs. The maximum normalized current values
in Tables 1 and 2 are 4032 and 8031, respectively, and these
values can be easily derived by summing all of the 128 nor-
malized steps.

Additional conditions beyond the two maximum normalized
values are related to the ratios, in uA, between the
amplitudes corresponding to full scale current values, and.the
amplitudes of output currents which are chosen as the refer-
ence outputs for A-law and for u-law decoding devices. These
reference outputs are generated as sinusoidal waveforms of
1kHz by applying a periodic sequence of eight 8-bit data
words at the Companding DAC’s inputs at an 8kHz rate.
These sequences are specified separately for both encoding
laws. The signal level at the peaks of these reference
sinusoidal waveforms is chosen as the reference 0dB level.
This level is implied to be the same for both encoding laws.
The dB levels, calculated by using the peaks of the 1kHz
sinusoidal waveforms with amplitudes which correspond to the

theoretical maximum output current values, are specified to be
+3.14dB and +3.17dB above the common reference level for
the A-law and u-law decoding devices, respectively. The
small difference in the specified theoretical maximum output
current levels implies a very small difference between actual
full scale current values for A-law and u-law decoders. In
practice, the actual level for the full scale output current val-
ues for both laws is set to be +3.00dB above the reference
0dB level. The ideal decoder output values expressed in dB
down from the full scale current output for A-law and wu-law
are presented in Tables 3 and 4. The reference 0dB level can
be found in these tables between steps 5 and 6 on chord 7.
Comparison of the numbers corresponding to step™1 in chord
0 shows a difference between the two enceding laws with re-
spect to, the output dynamic ranges. The output dynamic
range is 62.57dB for A-law, (+3.00dB to —59.57dB), and
72.07dB for u-law, (+3.00dB to —69.07dB).

In order to make the electrical designs of A-law and u-law
Companding DACs as similar as possible, the normalized unit
value of current in Table 1, A-law table, is chosen to be 0.5uA
and the normalized unit current quantity in Table 2, u-law
table, is chosen to be 0.25uA. These different “unit” values
will cause- the steps in chord 0 for A-law Companding DACs
to be twice as large as the corresponding p-law device step
sizes. Consequently, the ideal full scale absolute current val-
ues corresponding to 4032 and 8031 normalized units are
2016uA for A-law and 2007.75uA for u-law DACs. Tables 5
and 6 contain all 128 absolute decoder output current values
in uA. These tables can be further expressed in terms of per-
cent of full scale current output, which may be important for
some “percentage” oriented applications. Tabulated sum-
maries of step and chord endpoint sizes which can be ex-
tracted from Tables 1 through 6 are presented in Tables 7
and 8. The last column in these tables points out that the best

" resolution and accuracy are achieved in chord 0 of the Com-
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panding DAC's transfer function.

The output current values presented in Tables 5 and 6 are
ideal output currents with ideal reference currents of 528uA
and 512uA, respectively. The output current deviations for the
communication application of Companding DACs are specified
by the compandor tracking system requirements which are
illustrated for both decoders in Figures 11 and 12. In both fig-
ures a dotted line represents a total gain deviation, in dB, for



Compénding DAC

TABLE §

IDEAL A-LAW DECODER OUTPUT CURRENT IN MICROAMPS (SIGN BIT EX¢LU[5ED)

U CHORD
0 2 3 4 6 7
0 500 | 16.500 | 33.000 | 66.000 | 132.00 | 26400 | .628.00 | 1056.00
1 1500 | 17500 | 35.000 | 70.000 | 140,00 | 280.00 | 560.00 | 1120.00
2 2500 | 18500 | 37.000 | 74000 | 148.00 | 29600 | 592.00 | 1184.00
3 3500 | 19.500 | 39.000 | 78.000 | 156.00 | 312.00 | 624.00 | 1248.00
4 4500 | 20500 | 41000 | 82000 | 164.00 | 32800 | 656.00 | 1312.00
5 5500 | 21.500 | 43000 | 86.000 | 17200 | 34400 | 688.00 | 1376.00
6 6.500 | 22500 | 45000 | 90.000 | 180.00 | 360.00 | 720.00 | 1440.00
7 7500 | 23500 | 47.000 | 94.000 | 188.00 | 376,00 | 752.00 | 1504.00
8 8500 | 24500 | 49.000 | 98.000 | 196.00 | 39200 | 784.00 | 1568.00
) 9.500 | 25500 | 51.000 | 102.000 | 20400 | 408.00 | 81600 | 1632.00
10 10500 | 26.500 | 53.000 | 106.000 | 212.00 | 424.00 | 848.00 | 1696.00
n 11500 | 27500 | 55.000 | 110.000 | 22000 | 440.00 | 880.00 | 1760.00
12 12500 | 28.500 | 57.000 | 114.000 | 228.00 | 456.00 | 912.00 | 1824.00
13 13.500 | 29500 | 59.000 | 118.000 | 236.00 | 472.00 | 944.00 | 1888.00
14 14500 | 30500 | 61.000 | 122.000 | 244.00 | 488.00 | 976.00 | 1952.00
15 15600 | 31.500 | 63.000 | 126.000 | 252.00 | 504.00 | 1008.00 | 2016.00
. grep 1 2 4 8 32 64
TABLE 6

IDEAL p-LAW DECODER OUTPUT CURRENT IN MICROAMPS (SIGN BIT EXCLUDED)

CHORD

STEP 0 1 2 3 4 5 6 7
0 .000 8.250 ( 24.750 | 57.750( 123.76 | 255.75 | 519.75 | 1047.76
1 .500 9.250 | 26.750 | 61.750| 131.75 | 271.75 | 551.75. 1111.76
2 1.000 | 10.250| 28.750 | 6€5.750| 139.75 | 287.75 | 583.756 | 1175.75
3 1.500 | 11.250 | 30.750 | 69.750| 147.75 | 303.75 | 615.75 | 1239.75
4 2.000 | 12250/ 32.750 | 73.750| 156.75 | 319.756 | 647.75 | 1303.75
5 2500 | 13.250 | 34.750 | 77.750| 163.75 | 335.75 | 679.75 | 1367.75
6 3.000 | 14.250| 36.750 | 81.750| 171.75 | 351.75 | 711.75 | 1431.75
7 3.500 | 15.250| 38.750 | 85.750 179.75 | 367.75 | 743.75 | 1495.75
8 4.000 | 16.250| 40.750 | 89.750| 187.75 | 383.75 | 775,75 |.1559.756
9 4500 | 17.250] 42,750 | 93.750| 195.75 | 399.75 | 807.75 | 1623.75
10 6.000 | 18.250| 44.750 | 97.750| 203.75 | 4156.75 | 839.75 | 1687.75
L} 5.500 | 19.250| 46.750 | 101.750|.211.75 | 431.75 | 871.75 | 1751.76
12 6.000 | 20.250| 48.750 | 105.750 | 219.75 | 447.75 | 903.76 | 1815.76
13 6.500 | 21.250| 50.750 | 109.750 | 227.75 | 463.75 | 935.75 | 1879.75
14 7.000 | 22.250| 52.750 | 113.750| 235.76 | 479.76 | 967.75 | 1943.75
15 7.500 | 23.250| 54.750°| 117.750| 243.75 | 495.75 | 999.75 | 2007.76

SSTZE EP .5 1 2 4 8 16 32 64
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Companding DAC

TABLE 7
A-LAW DECODER STEP SIZE AND CHORD SIZE SUMMARY
Resolution
Step Size Chord Endpoints | Step Size Chord Endpoints | Step Size | Chord Endpoints | Chord Endpoints | & Accuracy
Normalized Normalized in A with in uA with as a % of as a % in dB Down . of Equivalent
Chord |to Full Scale to Full Scale 20161AF. S. 2016uAF. S. Full Scale of Full Scale from Full Scale Binary DAC
0 2 31 1.0 15.5 0.05% 0.77% -42.28 Sign + 11 Bits
1 2 63 1.0 35 0.05% 1.56% -36.12 Sign + 11 Bits
2 4 126 2.0 63.0 0.1% 3.13% -30.10 Sign + 10 Bits
3 8 252 40 126.0 0.29 6.25% ~24.08 Sign + 8 Bits
4 16 504 8.0 252.0 0.4% 12.5% -18.06 Sign + 8 Bits
5 32 1008 16.0 504.0 0.8% 25.0% -12.04 Sign + 7 Bits
6 64 2016 32,0 1008.0 1.6% 50.0% -6.02 Sign + 6 Bits
7 128 4032 64.0 2016.0 3.29% 100% [ Sign + 5 Bits
TABLE 8
u-LAW DECODER STEP SIZE AND CHORD SIZE SUMMARY
R Resofution &
Step Size Chord Endpoints Step Size Chord Endpoints Step Size Chord Endpoints Chord Endpoints Accuracy of
Normalized Normalized to in uA with in uA with as a % of as a % of in dB Down Equivalent
Chord | to Full Scale Full Scale 2007.75uA FS 2007.75uA FS Full Scale Full Scale from Full Scale Binary DAC
0 2 30 0.5 75 0.025% 0.37% 4855 Sign + 12 Bits
1 4 93 1.0 23.25 0.05% 1.16% —38.73 Sign + 11 Bits
2 8 219 2.0 §4.75 0.1% 2.73% -31.29 Sign + 10 Bits ‘
3 16 an 4.0 117.75 0.2% 5.86% —24.63 Sign + 9 Bits
4 32 975 8.0 243.75 04% 12.1% -18.32 Sign + 8 Bits
5 64 1983 16.0 496.75 0.8% 24.7% 1215 Sign + 7 Bits
6 128 3999 320 999.75 16% 49.8% —6.06 Sign + 6 Bits
7 256 8031 64.0 2007.75 3.2% 100% 0 *Sign + 5 Bits
various signal levels which can be distributed over the en-
coder and decoder portions of a “one way” communication
system. It is understood that encoder and decoder system
portions are implemented with corresponding Companding
DACs. For the Bell D3 system u-law tracking specification,
the —37dBmo and —50dBmo output current levels can be
s found between steps 11 and 12 on chord 1, and steps 8 and
9 on chord 0, respectively. For the CCITT A-law compandor
e tracking specification, the —40dBmo, —50dBmo, and
, —55dBmo output current levels can be found in the corre-
.5 "
COITT A-LAW sponding A-law tables between steps 13 and 14 on chord 0,
o steps 4 and 5 on chord 0, and steps 2 and 3 on chord 0, re-
s spectively. Conversion of the requirements imposed by Fig-
ure 12 to absolute current values produces corresponding ab-
P = solute decode output current tables with minimum, ideal and
4 maximum values specified for each step.
178
I
a 15
z
s
125
1.25
I
10
1.0 -
K BELL D3 SYSTEM
1 SPECIFICATION
0.75 2 | aximum)
2 ol | fomxioans . -
2 I
05 Z 9, L
AmE073 3 ad |
SPECIFICATION <
{MAXIMUM) [
0.25 0.25
Am6072
SPECIFICATION
I o ] (MAXIMUM) i
Esu -55 -50 —40 -30 -20 -10 0 +3 +5 —60 -50 —40 -37 ~30 -20 -10 0 +3 +10
INPUT SIGNAL LEVEL - dBmo INPUT SIGNAL LEVEL — dBmo
LIC-028 LIC-029

Fig. 11. CCITT A-Law Compandor Tracking Specification. Fig. 12. Bell D3 System Compandor Tracking Specification.
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TABLE 9
ABSOLUTE DECODER OUTPUT CURRENT LIMITS IN pA
CONFORMING TO BELL D3 COMPANDOR TRACKING SPECIFICATIONS

STEP CHORD NO.
NO. [ 1 2 3 4 5 6 7
—.250 7.789 24.048 56.112 120.24 24849 505.00 1018.02
[1] .000 8.250 24.750 57.750 123.75 255.75 519.75 1047.75
.250 8.739 25.473 59.436 127.36 263.22 534.93 1078.34
250 8.733 25.991 59.998 128.01 264.04 536.10 1080.21
1 .500 9.250 26.750 61.750 131.75 271.75 551.75 111175
.750 9.798 27.531 63.553 135.60 279.69 567.86 1144.21
750 9.677 27934 63.885 135.79 279.59 567.19 114239 |
2 1.000 10.250 28.750 65.750 139.75 287.75 583.75 1175.75
1.250 10.857 29.590 67670 143.83 296.15 600.80 1210.08
1.250 10.621 29.878 67.771 143.56 295.13 598.28 1204.58
3 1.500 11.250 30.750 69.750 147.75 303.75 615.75 1239.75
1,750 11.917 31.648 71.787 152.06 312.62 633.73 1275.95
1.750 11.565 31.821 71.658 151.33 310.68 629.37 1266.76
4 2.000 12.250 32.750 73.750 155.75 319.7% 647.75 1303.75
2.250 12976 33.706 75.904 160.30 329.09 666.66 1341.82
2.250 12.509 33.764 75544 159.10 326.22 660.46 1328.94
5 2.500 13.250 34.750 77.750 163.75 335.75 679.75 1367.75
2.750 14.035 35.765 80.020 168.53 345.55 699.60 1407.69
2.750 13.453 35.707 79431 166.88 341.77 691.56 1391.13
6 3.000 14.250 36.750 81.750 171.75 351.75 711.75 1431.75
3.250 15.094 37.823 84.137 176.77 362.02 732.53 1473.56
3.250 14.397 37.651 83.317 174.65 357.32 722,65 1453.31
7 3.500 15.250 38.750 85.750 179.75 367.75 743.75 1495.75
3.750 16.154 39.882 88.254 185.00 378.49 765.47 1539.43
3.750 15.341 33.594 87.204 182.42 372.86 753.74 1515.50
8 4.000 16.250 40.750 89.750 187.75 383.75 775.75 1559.75
4.250 17.213 41940 92.371 193.23 394.96 798.40 1605.30
4248 | 16.285 41537 91.090 190.20 388.41 784.83 1577.68
9 4 500 17.250 42,750 93.750 195.75 399.75 807.75 1623.75
4.767 18.272 43.998 96.488 201.47 411.42 831.34 1671.16
4,720 17.229 43.480 94977 19797 403.95 815.92 1639.87
10 5.000 18.250 44.750 97.750 203.75 415,75 839.75 1687.75
5.296 19.331 46.057 100.604 209.70 427.89 864.27 1737.03
5.192 18.173 45424 98.863 205.74 419.50 847.02 1702.05
1 5.500 19.250 46.750 101.750 211.75 | 431.75 871.75 1751.75
5.826 19.812 48.115 104.721 217.93 444 .36 897.21 1802.90
5.664 19.675 47.367 102.750 213.652 435.05 878.11 1764.23
12 6.000 20.250 48.750 105.750 219.75 447.75 903.75 1815.75
6.356 20.841 50.174 108.838 226.17 460.82 930.14 1868.77
6.136 20.647 49.310 106.636 221.29 450.59 909.20 1826.42
13 6.600 21.250 60.750 109.750 2271.75 463.75 935.75 1879.75
6.885 21.87 52,232 112,955 234.40 477.29 | 963.07 1934.64
6.608 21619 51.263 110.523 229.06 466.14 940.29 1888.60
14 7.000 22.250 52.750 113.750 235.75 479.75 967.75 1943.75
N 7.415 22.900 54.290 117.072 242.63 493.76 996.01 2000.51
7.080 22.590 53.197 114.409 236.83 481.68 971.39 1950.79
15 7.500 23.250 54.750 117.750 243.75 495.75 999.75 2007.75
7944 23.929 56.349 121.188 250.87 510.23 1028.94 2066.38
STEP 5 1 2 a4 8 16 32 64
SIZE

The decoder output current values which comply with the Bell
D3 compandor tracking requirements are presented in Table
9. A similar table can be generated for the CCITT A-law com-
pandor tracking specification. The corresponding encode out-
put values can be derived from the decode output values by
adding a half a step to all entries in a given decode table. The
specified limit values include the combined effects of chord
end point deviations, step nonlinearity, encode output errors,
full scale current deviation from ideal, full scale symmetry er-
ror, zero scale current error, full scale drift, and output imped-
ance change over the specified voltage compliance and
temperature ranges. The adjacent step current levels in Table
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9 for any particular Companding DAC will not overlap, as
might be implied from the presented minimum and maximum
values, because the device is guaranteed to be monotonic.

If'the decode output limits for the u-law Companding DAC are
specified to be =1/2 step from the ideal values, Table 9 can
be replaced by a similar table. The most important difference
between the two tables would be found in the limit values cor-
responding to the lower step current values in chords 1
through 7. The approximate representations of +1/2 step, +1
step limits and the corresponding Bell D3 compandor tracking
limits in Table 9 are illustrated in Figure 13.
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Fig. 13. Output Current Limit Diagrams for D3, +1/2 Step, and +1 Step Tolerance Specifications.

Parametric Analysis and Recommendations

A detailed specification for a digital-to-analog converter should
include information about important DAC parameters such as
resolution, monotonicity, dynamic range, settling time, non-
linearity, full scale and zero scale current errors, gain error,
output voltage compliance, input, output and reference signal
levels, operating temperature range, power supply range and
power dissipation.

The resolution of a DAC is determined by the maximum
number of digital input combinations which can be used to
generate analog output signals. The resolution for Com-
panding DACs with sign-plus-7 bit digital data input signals is
+128 steps. A converter is monotonic if its analog output al-
‘ways increases with an increase in the digital value of the
input data code. Monotonicity for the Am6070/72 devices,
is guaranteed over the full operating temperature range
and for both groups of 128 steps. Two parameters which are
used to describe nonlinear errors in a DAC’s transfer function
are the DAC’s nonlinearity and the differential nonlinearity er-
ror. The nonlinearity of a Companding DAC is defined as the
maximum deviation of the actual output values from an ideal
piece-wise linear characteristic calculated from measurements
of the actual full scale and zero scale current values. These
two current measurements can be used to compute the cor-
responding theoretical chord endpoint values, and nonlinearity
is measured as the difference between this calculated transfer
characteristic and the actual current values at the output of
the DAC. The differential nonlinearity of the device is a mea-
sure of how much any single step current value varies with
respect to its theoretical value, (calculated from the actual full
scale output current). Differential nonlinearity of =1/2 step will
ensure monotonic behavior. These errors and all other trans-
fer function related errors are specified for the Am6070 Com-
panding DAC Family by the limit current values in the corre-
sponding Absolute Decoder Output Current Level Table.

The DAC’s current outputs have a very high impedance, and
the output current will not change its value significantly with
changes in the applied voltage at the DAC’s outputs. The out-
put voltage compliance range is defined as the maximum
range of voltages, at the DAC's output, that can be sustained
while meeting the output current specifications. The absolute
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maximum output voltage swing, (lger = 528uA), is specified
between V— plus 10V and V- plus 36V, where V- is the
Companding DAC's negative power supply. The maximum
range for the reference inputs V() and Vg4 is specified to
be between the V-~ and V+ power supply values. The
maximum power supply range, V+ to V—, is specified at 36V,
and maximum power dissipation for temperatures less than
100°C is rated at 500mW.

The settling time for a DAC is defined as the elapsed time,
after an input code transition, required for the DAC'’s output to
reach a final value within specified limits. These limits are
generally +1/2 of the corresponding step current value. The
settling time is usually specified for the input code transition
from zero scale to full scale value, and for the Companding -
DAC Am6070 family the typical value is 300ns. However, this
is not the worst case transition. Because of the different step
sizes, the output current settling error band changes as the
chord current changes, becoming smaller for lower chords.
Settling times in chord 7 are measured when the output set-
tles within =32uA of its final value, while settling times in
chord 0 are measured when the output settles to within
+.25uA of it's final value. The worst case transition is, there-
fore, the transition from full scale current down to zero scale
current value, and requires a settling time of 4us for u-law
DACs and 2.5us for A-law DACs.

The currents of each of the four Companding DAC’s analog
outputs can be measured using the circuit shown in Figure
14. This circuit contains 4 resistors, R1, R2, R3, R4, and two
operational amplifiers, A1 and A2. Resistor tolerances of 0.1%
give 0.1% output measurement error (approximately 2uA at
full scale). The input offset current of the operational amplifier
also increases the output measurement error. This error is
most significant near zero scale. The Am101A and Am308
devices, for example, may be used for A1 and A2, since their
maximum offset currents which would add directly to.the
measurement error, are only 10nA and 1nA, respectively. The
input offset voltage of the amplifiers, with output resistor val-
ues of 2.5k}, also contributes to the output measurement

- error by a factor of 400nA for every mV of offset voltage.

Therefore, to minimize this error, the offset voltages of A1 and
A2 should be nulled.
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Fig. 14. Companding DAC Output Current DC Test Circuit.

The recommended operating range for the reference current
Iree is 0.1mA to 1.0mA. The full scale output current, Igg, is a
linear function of the reference current, and may be approx-
imated using the equation lrg = 3.9¢Iggg. This tight relation-
ship alleviates the requirement for trimming the Irgg current if
the Rggp resistors’ values are within 1% of the calculated
value. Lower values of Igegr will reduce the negative power
supply current, and will increase the reference amplifier nega-
tive common mode input voltage range. However, the device
accuracy specifications are not guaranteed at reference cur-
rents below 0.5mA.

The ideal value for the reference current, (Vregr/Rger), is
528uA for u-law and 512uA for A-law Companding DACs.
The corresponding ideal full scale decode current values are
2007.75uA and 2016uA, respectively. A percentage change
from the ideal Iggf value produced by changes in the Vggg or
Rger values produces the same percentage change in the
decode and encode -output current values. The positive volt-
age supply, V+, may be used, with certain precautions, for
the positive reference voltage. In this case, the reference re-
sistor Rgeg(+4) should be split into two resistors and their junc-
tion bypassed to ground with a capacitor of about 0.01uF.
The total resistor value should provide the required reference
current. The Rpgg(—) resistor value should approximately
equal the Rgep(4) value in order to compensate for errors
‘caused by the reference amplifier's input bias current.

An alternative to the positive reference voltage biasing is the
application of a negative voltage to the Vg, terminal through
the resistor Rggp(—) With the Rggp4) resistor tied to ground.
The advantage of this arrangement is the presence of very
high impedance at the V) terminal while the reference cur-
rent flows from ground through Rggp(+) into the Vg4, termi-
nal.

The Companding DAC can be used as a multiplying DAC by
varying the reference current. It is important that the reference
current have a DC component that guarantees an uninter-
rupted flow of current INTO the Vg4 terminal. The input ref-
erence amplifier has sufficient bandwidth and slew rate,
(0.12mA/us minimum), to handle small signal inputs up to 5%
of reference current at frequencies up to 500KHz, and large
signal inputs of up to 50% of reference current at frequencies
up to 80kHz.

The Companding DAC has a wide output voltage compliance
suitable for driving a variety of loads. Using the ideal recom-
mended value for lggr and V- = —15V, the positive voltage
compliance limit is +18V and the negative voltage compliance
limit is —5.0V. For other values of Igge and V—, the negative
voltage compliance limit, Vgog(—), may be calculated as fol-
lows:

Vocioy = (V=) + 2 (Ipgr * 1.55kQ2) + 8.4V,

where 1.55k() and 8.4V are equivalent worst case values for
the Companding DAC. ‘

" The V¢ input controls the input logic threshold voltage, allow-
ing the device to interface with various logic families. This
input should be placed at a potential which is 1.4V below the
desired logic input switching threshold. Two external discrete
circuits which provide this function for non-TTL driven inputs
are shown in Figure 15. For TTL-level logic inputs, the V¢
input should be grounded. If negative voltages are applied at
the digital logic inputs, they must have a value which is more
positive than —5V.
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Fig. 15. Interfacing Circuits for ECL,
CMOS, HTL .and NMOS Logic Inputs.



With the V- voltage between —15V and —11V, the Vgg(—)
value, the input reference common mode voltage range, and
the logic input negative voltage range are reduced by an
amount equivalent to the difference between —15V and the
V- value chosen. With V+ between +5V and +15V, the re-
ference amplifier common mode positive voltage range and
the V| ¢ input values are reduced by an amount equivalent to
the difference between +15V and the V+ value chosen.

TYPICAL CIRCUIT APPLICATIONS

Basic Circuit Connections

The Companding DAC belongs to the class of multiplying D to
A converters with true current outputs. The input reference
current can be generated by a unipolar constant reference
voltage source or by a bipolar AC reference voltage. The
applied bipolar reference source usually modulates the refer-
ence current, Igeg, supplied from the constant reference volt-
age as shown in Figure 16. Figure 16a shows a high input
impedance configuration where the bipolar input signal Vg
modulates the voltage level at the Vg, input by forcing the
voltage across Rggg to be Vgegg — V|n, which in turn modifies
Iper. Figure 16b shows low input impedance connections,
where Igge equals the sum of the DC reference current from
Vger and the AC input current from V. For both low imped-
ance and high impedance connections, the minimum ref-
erence current value at the reference input, V(4 should be
at least 0.1mA and the maximum value should not exceed
1.0mA.

The wide output voltage compliance range, (—5V to +18V
with Iggg 528uA and V- = —15V), allows a variety of
loads to be driven. Two typical connections are shown in Fig-
ure 17. Voltage output relationships for single ended and dif-
ferential resistive output connections are described in the out-
put voltage table of Figure 17a. The reference current in this
resistive load example is set to be 528uA (u-law Companding
DAC). The resulting negative voltage generated by the cur-

Companding DAC

DIGITAL INPUTS

LLLLLL

By Bg Bg By By By By SBE/D (4)
VR4 toe
COMPANDING DAC

VR(-)

VReF

RREF+

1
14

1
'ReF

e —
Vi —) 2

Ay
IReF = (VReF — VIN/RREF+
Irs™ 4 IReF

-15v +15V =

LIC-033
a. High Input Impedance Connection.

DIGITAL INPUTS

VREF

RREF+

[
ZN=Rin S D

By B Bg By By By By SBE/D (s)
\ — 1 1,

vin O~ VA 0E ()

Rin |RE'F COMPANDING DAC

12
RREF-
RRer— = (RRers < BINVRREF+ + RiN)

IRer = ViN/RIN + VREFRREF+
=15V
Ips~ 4 IReF =

+15V

LIC-034

b. Low Input Impedance Connection.

Fig. 16. Companding DAC’s Multiplying Connections.

rents at the outputs A, B, and C, does not exceed the
minimum value of —5V, which corresponds to the lower limit
of the output voltage compliance range. In the example with
balanced load connections, the sum of the common mode
voltage, Vcnm, and the differential voltage across the load
should also be within the —5V and +18V output voltage com-
pliance limit.
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Fig. 17. Companding DAC's Output Connections.
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Operational amplifiers and/or comparators can be driven by
Companding DACs. The circuits shown in Figure 18 demon-
strate various voltage ranges which can be achieved at the out-
puts of operational amplifiers. The circuit in Figure 18a pro-
vides OV at the op-amp output whenever the E/D input is set
to logic 1. When the circuit is in the decode mode, E/D = 0
the output voltage polarity is determined by the sign bit
input level. With the sign bit set low, the Igp(—) output is ac-
tive and the corresponding full scale output current, lgg =
2mA, will generate a maximum negative voltage of —5V at the
op-amp's positive input. The chosen resistor values and their
connections provide the op-amp with a gain of 2 and a
maximum negative output voltage of —10V. With the sign bit
set high the lgp(4+) output is active and the op-amp’s negative
input will be held at virtual ground. With a full scale current of
2mA flowing into the lgp(4) pin, the op-amp will act as a
transconductance amplifier supplying 2mA to the lpp(4) pin
via the 5k() feedback resistor. This current will generate a
maximum of +10V at the output, which will make the total
output voltage swing between —10V and +10V. The circuit in
Figure 18b similarly provides a voltage swing between —5V
and +5V across the output capacitor. The output dynamic
range expander circuit connections, shown in Figure 19, ex-
tend the p-law Companding DAC’s dynamic range from 72dB
to 78dB. The A-law Companding DAC’s dynamic range can
be similarly increased from 62dB to 66dB. In this circuit, the

outputs lop(+) and log(4) are tied together, and lgp(—) and
log(—) are tied together; the E/D input is used as a fifth step
which represents the least significant digital data input, and
provides the desired interleaving between the encode and de-
code current levels. Each chord now contains 32 uniform
steps, with the smallest step size value 0.25uA and the
largest value 32uA. The resulting full scale current is equal to
the corresponding full scale encode current value, and the
ratio between the full scale current value and the smailest cur-
rent step value, Ig5/0.25, exceeds 8000 for the p-law Com-
panding DAC. The smallest and the largest current step sizes
will generate 0.625mV and 80mV changes, respectively, at
the op-amp output.

Digital inputs SB and E/D can be used together with data
inputs B1 through B7 to provide an output multiplexing capa-
bility when connected as shown in Figure 20. The logarithmic
digital attenuator circuit combines the companding DAC's mul-
tiplying capabilities with the multiplexing function which is
accomplished by using the SB and E/D inputs as channel
select inputs. The analog signal, V|y, applied at the Vg,
reference input can be attenuated by approximately 0.3dB per
step and 6dB per chord, throughout most of the output
dynamic range. The SB and E/D inputs provide signal switch-
ing combinations which will multiplex the attenuated analog
signal into four different analog channels.
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Fig. 18. Some Output Voltage Expansion Schemes.
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Fig. 19. Output Dynamic Range Expander.
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Fig. 20. Lagarithmic Digital Attenuator.

For applications where the output dynamic range is to be
smaller than 78dB, the circuit connection shown in Figure 21
can be used. With given Vgge and V| values, there are three
resistor values, Rpgp, R1, and R2, which need to be deter-
mined. The starting assumption is that a maximum gain of
unity from Vg to Voyt, (0dB), is achieved with all digital
inputs set to logic 1. The digital inputs all set to logic 0 will
determine the minimum gain of the circuit and consequently
the desired output dynamic range. Considering the currents
flowing through resistors R1, R2, and Rggr, and the DAC's
output with digital inputs at all 1’s, the following relationships
can be established:

lr1 = V'our/R1 = lout + Irzi lout = 3.8 Iper; Inz = ViN/RZ;

lrer = (VrRer — ViN)/RRer 0]
The relationship between output voltages V'qyt and Voyr
and input voltages, Vgreg and Vi, can be expressed as fol-
lows:

V'out = 3.8 (R1/Rpgs) VRer — [3.8(R1/Rper) + R1/R2] Vi

@)

Vour = —[3.8 (R1/Rger) + R1/R2] = V;y
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In order to have unity gain, Voyt/Viy = 1, the coefficient for
Vix in the equations (2) must also be 1:

"—[3.e (R1/Rggr) + R1/R2] = 1 )

Two additional conditions for calculating Rrer, R1 and R2
values are the minimum gain value Gp,in, and the require-
ments for the minimum ‘and maximum Iggf values, 0.1mA and
1mA, respectively:

Gmin,as = 20 log [Vout/Vin] = —20 log (R2/R1),
and 0.1mA < (Vggr — VinY/Rger < 1MA

(4)
6)

The op-amp output in Figure 21 has a DC component that will
be attenuated as well as the AC input signal. The output
coupling capacitor is used to remove the DC level. However,
during switching, the change in DC level will cause a step
transient or “click” at the qutput.
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Fig. 21. AC Coupled Digital Attenuator, Adjustable Range.

Operating Modes

The Companding DAC has two basic operating modes, de-
code and encode, which are controlled by the Encode/
Decode, E/D, input signal. A logic 0 applied to the E/D input
places the Companding DAC in the decode mode, and current
will flow into the lgp(4) or lpp(—) output, depending on the
state of the sign bit, SB, input. A logic 1 at the E/D input
places the Companding DAC in the encode mode, which dif-
fers from the decode mode by a half step offset current in
each chord, and current flows into one of the log outputs.

The basic decoder connection for the Companding DAC is
shown in Figure 22. The E/D input is grounded, which keeps
the Companding DAC in the decode mode. The eight digital
data inputs generate an output decode current which is con-
verted by an operational amplifier to a bipolar voltage, Eg.
Several discrete Eq values are tabulated in Figure 22 for both
um-law and A-law versions of Companding DACs. The values
indicated in parenthesis correspond to the A-law Companding
DAC.

The Companding DAC can be used together with a Succes-
sive Approximation Register, SAR, a comparator, and addi-
tional SSI logic elements to perform the encoding or com-
pression of an analog signal. The circuit, Figure 23, repre-
sents an Analog-to-Digital data conversion system. The first

task of this system is to determine the polarity of the incoming
analog signal and to generate a corresponding SB input.
When the proper START, S, and CONVERSION COMPLETE,
CC, signal levels are set, the first clock puise sets the MSB
output of the SAR, Am2502, to a logic 0 and sets all other
parallel digital outputs to logic 1 levels. At the same time, the
flip-flop is triggered, and its output provides the E/D input with
a logic 0 level. No current flows into the lgg outputs. This dis-
connects the converter from the comparator inputs, and the
incoming analog signal can be compared with ground which is
applied to the opposite comparator input. The resulting com-
parator output is fed to the Am2502 serial data input, D,
through an exclusive-or gate. At the same time, the other
input to the exclusive-or gate is held at a logic 0 level by the
logic shown in Figure 23. This exclusive-or gate inverts the
comparator's outputs whenever a negative signal polarity is
detected. This maintains the proper output current coding, i.e.,
all ones for full scale and all zeros for zero scale.

The second clock pulse changes the E/D input back to a logic
1 level because the CC signal changes. It also clocks the D
input signal of the Am2502 to its MSB output, and transfers it
Yo the SB input of the Companding DAC. Depending upon the
SB input level, the Companding DAC’s output current will flow
into the lpg(4) or log(~) output. :
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Fig. 22. Detailed Companding DAC Decoder Connection.
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Fig. 23. Detailed Companding DAC Encode Connection.

Nine clock pulses are required to obtain a digital, non-
complemented, binary representation of the incoming analog
signal at the eight Am2502 digital outputs. The resulting
analog output signal is compared with the analog input signal
after each of the nine successive clock pulses. The analog
input signal should not be allowed to' change its value during
the data conversion time. In high speed systems, fast
changes of the input analog signals. are usually prevented by
using sample and hold circuitry.

When the Companding DAC is used in a feedback loop with g
SAR, the data input transitions in the successive approxi-
mation search technique exhibit a maximum change of two
adjacent bits, and the starting pattern is 0111 1111. The next
successive pattern after the first iteration, will be either
00111111 or 10111111. The worst case settling times are ex-
perienced during step bit changes in chord 0, where the out-
put current must settle to =0.25uA. The worst:case settling
time is about 600ns for code changes in the upper end of
chord zero and 1800ns for code changes near zero. The sys-
tem clock must take into account the settling time of the DAC,
the switching speed of the comparator and the time delays in
the SAR. In general, the DAC is the slowest component,
(comparator Am311’s delay is about 200ns and SAR delays
are about 46ns), and will determine the clock rate. For op-
timum accuracy the clock rate should accommodate the
1800ns settling time near zero scale current. However, faster
clock rates (1100ns-1800ns) can be used with some degrada-
tion in accuracy for signals near zero.

Microprocessor Based Data Acquisition
Systems Applications

particular, provides an acquisition system with considerable
flexibility, limited only by the rate of change of the acquired
analog input signals.

A typical data acquisition system using the Companding DAC
is shown in Figure 24. The A to D data conversion procedure
is controlled by the 9080A Microprocessor set, (Am9080A
8-bit Microprocessor, Am8224 Clock Generator and Driver,
and Am8238 System Controller-and Bus Driver). The START
one-shot circuit, Am26S02 will be activated by the START
A/D command, (CS = 0, IOW = 0), which will initiate the A to
D procedure by setting the S input of the SAR circuit,
Am2502, to a logic 0. The width of the one-shot pulse must
be greater than the period of the DATA CLOCK signal to ini-
tialize the SAR logic. The duration of DATA CLOCK period
must accommodate the worst settling time of the DAC and
comparator Am311, to ensure valid data at the SAR input.
The one-shot circuit may be eliminated, provided that the ex-
pected worst case settling time does not exceed 1us and the
SYSTEM 'CLOCK. 1, does not_exceed 2MHz. The first data
clock after S goes low sets the CC output high, which in turn
switches the input sample and hold circuit, (LF198), into the
hold mode and puts the microprocessor into a wait state. After

_ eight subsequent DATA QOCK periods, (8 x 2us), the con-

High oUtput resolution with guaranteed monotonicity over its.

entire dynamic range and digitally controliable inputs makes
the Companding DAC very attractive for application in data
acquisition and control systems. The encoding capability, in
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version complete signal, CC, changes from logic 1 to logic 0,
which puts the S & H circuit into the sample mode and allows
the microprocessor to resume its functions by removing the
logic 0 from the RDYIN input of the Am8224 chip. With a logic
1 at the SAR’s S input, the DATA CLOCK cannot change the
SAR’s digital data outputs after completion of conversion.
Thus, these outputs will be stable and available for sub-
sequent interrogation. The_microcomputer will issue a READ
A/D command, (CS = 0, IOR = 0), which enables the three-
state data buffer, Am25LS241, and transfers the data outputs
of the SAR to the system data bus and into the micro-
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Fig. 24. Microprocessor Controlled Data Acquisition System.

processor's accumulator. A subsequent memory write com-
mand, then stores this data in the desired memory location.
For the next A to D data conversion, the microprocessor must
generate another START A/D signal. An A to D data acqui-
sition can be achieved using only three 080A instructions.

OUT (to ADC device) —generation of START A/D command

IN (from ADC device) —generation of READ A/D command

STA (to MEMORY) —store digital representation of the
acquired analog signal into memory

If the required nine DATA CLOCK periods present a prohib-
itively long wait state for the processor, the A to D procedure
can be more efficiently handled using a suitable interrupt

switch the receiving S & H circuitry into the sample mode. .
Two sequences of 9080A instructions which perform the ac-
quisition operations described are detailed in Table 10. The cor-
responding functional flow charts are shown in general form in
Figure 26.

The addition of SSI logic shown in Figure 25 generates sig-
nals CS2 and CS3 which transmit an analog signal generated
by the DAC from digital information stored in the system
memory. An external interrupt request for transmission of the

~ analog signal, TRANSMISSION REQUEST, will initiate the D

scheme. The logic shown in Figure 25 illustrates the A to D -

and D to A conversion using three interrupts. The external in-
terrupt signal, VALID RECEIVE DATA, which initializes the A
to D conversion, is received and processed by the Am9519
Universal Interrupt Controller. It's output, GINT, is recognized
by the 9080A Microprocessor logic and generates the INTA
signal at the output of the Am8238. The VALID RECEIVE
DATA signal will cause the receive S & H circuit to switch into
the hold mode after 5us, via Am26S02 and associated flip-
flop circuitry. This delay is needed to satisfy the sample time
requirements for the (Am)LF398 S & H circuit, with C, =
1000pF. This one-shot circuit may be eliminated if the analog
input data is maintained unchanged for about 25us after rec-
ognition of the VALID RECEIVE DATA signal. Upon receipt of
an INTA signal, the”Am9519 provides the address of an
appropriate subroutine to the CPU. This subroutine will initiate

the A to D conversion by generating the START A/D com-

mand. After Ato D conversion is complete, the DATA READY
signal, identical to the CC signal, generates an interrupt for
the 9080A microprocessor to read and store the results-of the
A to D data conversion via an octal, non-inverting, three-state
driver, the Am25LS241A. The CC signal at the same time will

to A conversion subroutine. A corresponding word in memory
will be fetched into the 9080A accumulator and then latched
into the Am25LS374, Octal D type register, via signals CS2
and IOW. At the same time, the non-inverting three-state data
bus transceivers, Am8T28, will be turned to the direction
which corresponds to the D to A conversion procedure. The
latch captures valid 9080A accumulator data, which will be
used as the digital inputs throughout the D to A conversion
procedure. The next instruction in sequence will be a com-
mand to start sampling the Companding DAC's decode out-
puts, (CSB = 0, IOW = 0), which will be already settled. As-
suming that one 9080A I/O instruction takes about Sus at a
system clock frequency of 2MHz, the next command in the in-
struction. sequence may generate a‘signal VALID TRANS-
MISSION DATA, (CS3 = 0, IOR = 0), which will put the trans-
mission S & H circuitry into the hold mode and return the data
transceivers, Am8T28, to the direction which corresponds to
the A to D conversion procedure. Input data for the Com-
panding DAC is supplied by the SAR circuitry. A sequence of
9080A instructions which could handle the D to A conversion
procedure and analog signal transmission through the pro-

" gramming /O interrupt scheme shown, is presented in Table

3-86

10. The corresponding functional flow chart is shown in Figure
26. )
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TABLE 10
INTERRUPT SUBROUTINES FOR SINGLE CHANNEL DATA TRANSCEIVING
CONVERTER SYSTEM IMPLEMENTED WITH 9080A INSTRUCTIONS

VALID RECEIVE DATA Interrupt Subroutine: .

OUT (to ADC) —Generate START A/D command.
El - Enable other CPU interrupts.
RET ~ Return to main program.

El
RET

DATA READY interrupt Subroutine:
STA (to TEMP)
IN (from ADC)
STA (to Memory)
LDA (from TEMP)

— Save accumulator content.

— Read digital results from SAR outputs into accumulator.
~ Store accumulator's content into memory.

— Restore accumulator's content before subroutine.

— Enable other CPU interrupts.

— Return to main program.

TRANSMISSION REQUEST Interrupt Subroutine:
STA (to TEMP)
LDA (from DATA)
OUT (to LATCH)
OUT (to DAC)

IN {from DAC)

- Save Accumulator content.

- Load accumulator with digital data which will be converted to an analog signal.

— Output data for D to A conversion to the latch circuit and START D/A conversion.

— Generate Transmission SAMPLE command for S & H circuitry, CS3 = 0, IOW = 0.

— Generate Transmission HOLD command for S & H circuitry, and VALID TRANSMISSION DATA signal,

LDA (from TEMP)
1]
RET

— Enable other CPU interrupts.
— Return to main program.

- Restore accumulator's content before interrupt subroutine.

Motion Control Systems Applications

The high resolution and accuracy of the Companding DAC
transfer function for small output signal levels provide a very
smooth and precise analog contro! signal to devices whose
outputs are voltage or current dependent. However, when
major disturbances are detected in the system, the Com-
panding DAC will produce correspondingly larger control
analog signals which cause very fast output response of the
controlled analog device. Figure 27 shows the Companding
DAC used in a feedback loop to provide a small analog error
signal to control the speed and direction of a voltage con-
trolled motor in order to properly position the shaft. The shaft
encoder generates an 8-bit digital word which represents the
current shaft position of the motor.

There are 256 discrete positions of the shaft which can be
identified at the shaft encoder’'s output. This output will be

sampled and latched using an 8-bit register, Am25LS273. The
sampling rate is determined by dividing the time for one shaft
revolution at the motor’s highest speed by 256. The maximum
rate will be limited by propagation delays through the
comparator and ALU chips and by the settling time of the
Companding DAC. The output of the shatft position sampling
register, data “B”, is digitally compared with the desired shaft
position, data “A”. The magnitude of the difference between
digital words “A” and “B" is directly porportional to the error
of the motor shaft position. The sign of this digital subtraction
provides information about the polarity of the analog error sig-
nal which drives the motor in the direction necessary to de-
crease the error. The speed of the motor is proportional to the
magnitude of the error |A~B| . The sign and magnitude of the
error are determined by two comparator chips, (Am9324
Four-Bit Comparator), and two ALU chips, (Am25LS381

POSITION AND DESIRED
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2 8 (SHAFT ERROR)
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Four-Bit Arithmetic Logic Unit). The end of the motor shaft
correction procedure is indicated to the computer via the
comparator’s output “A=B".

The eight digital bits of the error magnitude |A-B| are
applied to the seven data inputs of the Am6070 and to the
E/D input. The Am6070 outputs are connected to provide 32
steps per chord, which totals 256 steps or a 78dB output
dynamic range. The smallest and largest step ‘'sizes are
0.251A and 32uA, respectively. The sign bit value is taken
from the “A>B" output of the comparator_ circuit, and deter-
mines the polarity of the op-amp, (Am)LF356, output voltage.

The computer function in Figure 27 is mainly confined to ini-
tializing the shaft correction procedure by latching the desired
shaft position, data “A”. Clear commands may be issued dur-
ing the power-up procedure in order to bring the motor shaft
to some initial position. The application of the Companding
DAC with its nonlinear transfer characteristic and its non-

uniform step sizes which are proportional to the magnitude of-

the error, |A—B}, significantly reduces system transient re-
sponse effects such as over-shoots and ringing while mini-
mizing the time required to.reach the new shaft position. The
system can be programmed to be either critically damped
(minimum response time) or under damped (no overshoot).

Figure 28 shows a Companding DAC in a feedback loop
which provides small analog error signals for control of the
velocity of a voltage controlled motor. This is a paper cutting
control system where paper is unwound from a feed roll and
cut to size by a mechanical knife. In this application the Com-
panding DAC is in the velocity feedback path and its output is
used to generate a velocity profile command signal. The
motor rotation is initiated from a front panel by depressing the
START button. A COUNT-UP command from a micropro-
cessor sets the binary counter to its count up mode, which
drives the Companding DAC inputs. When some predeter-
mined number of counts has been reached, the counter stops
and the Companding DAC is held at a constant output value.
The incremental encoder produces pulse counts proportional
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Fig. 28. Paper Cutting Control System.
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to the distance of paper travel. The desired paper size ex-
pressed as a number of incremental encoder pulse counts is
stored in a CPU storage register. The outputs of the incre-
mental encoder are constantly accumulated in an internal
CPU counter and are compared with the content of the CPU
storage register throughout the entire velocity control proce-
dure. When a match is found, the corresponding COUNT
DOWN command is issued to the counter, the internal counter
is cleared, and a new value is loaded into the internal storage
register.

The values which control the velocity of the motor are stored
in a register, external to the CPU, and its content is compared
with the outputs of a binary up/down counter during the
motor's acceleration and deceleration phases. Whenever a
match is achieved, an interrupt signal will be generated and
the working mode of the external counter changes. The final
stop position is approached in a well controlled manner which
stops the paper and cuts it with a minimum of overshoot and
error.

Figure 29 shows the necessary logic for generation of the
velocity profile control signal. The CPU will first load the ex-
ternal storage register, Am25L5273, via the LOAD signal, to
the desired count-up value for the external up/down counter,
Am25LS193. Upon recognition of the START request, the
CPU issues the COUNT-UP command which enables the
8-bit comparator chip, Am25LS2521. The zero initial digital
code at the Companding DAC inputs produces zero voltage at
the output, Vgoyt. Every enabled conversion clock pulse will
increase the Companding DAC output current by a corre-
sponding amount, and the Vgyt increases in accordance with
the Companding DAC transfer characteristic. This portion of
the velocity profile control signal corresponds to the motor ac-
celeration phase. When the counter outputs match the content
of the external storage register, the interrupt signal INT1 is
generated, and the UP flip-flop is reset.

This stops the up/down counter and the motor continues to ro-
tate with a constant velocity, V1. Duration of the acceleration
phase depends on the value initially stored in the external
storage register and the frequency of the conversion clock.
Upon recognition of the INT1 signal, the CPU will load a new
value into the external storage register, which is used to de-
celerate the motor from velocity V1 to a lower velocity, V2.

During the constant velocity phase, V1, the encoder pulses
accumulate in the CPU counter until the value “m”, stored in
the CPU internal storage register, is reached. At this time the
CPU will issue a COUNT DOWN command and reload the in-
ternal storage register with the value “n". The sum of these
two values, m+n, should represent the length of the paper
expressed in encoder pulses. This value is “p” pulses shorter
than the desired ideal paper length.

The COUNT DOWN command initiates the count-down mode
of the external up/down counter,. PHASE |, and enables the
comparator. When the counter outputs match the value stored
in the external storage register, the interrupt signal INT2 is
generated and counting stops. The motor continues to rotate
with some constant velocity, V2, which is significantly smaller
than velocity V1. This velocity, V2, is a function of the conver-
sion ‘clock frequency and the motor's mechanical parameters
such as inertia, weight, etc. The mechanical parameters may
cause synchronization difficulties between the second decel-
eration phase of the voltage waveform at Voyr and the actual
velocity of the motor. The velocity V2 is much smaller than V1
and allows a smooth, well controlled stop of the motor at the
end of the PHASE Il of count-down mode, and thus ensures
the smallest possible overshoot and error.
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Fig. 29. Microprocessor Controlled Generation of Motor Velocity Control Signal.

The INT2 signal automatically clears the external storage reg-
ister to all zeros and informs$ the CPU that the deceleration
PHASE | is complete. The CPU continues, internally, to ac-
cumulate the encoder pulses until their number becomes *“n”.
At this time the CPU issues a new COUNT DOWN command
to initiate PHASE Il of the count-down mode, and reloads the
internal storage register with a final number “p”. This number,
when summed with the previous two numbers “m” and “n”,
determines the final length of paper, m+n+p, and is accumu-
lated in the internal CPU counter during PHASE Il of counter's
count-down mode. At.the end of this phase, the INT3 signal is
generated and counting stops. The number of encoder pulses
in the internal counter will be compared with the number “p”
stored in the internal storage register. If a satisfactory match
is found, the CPU issues a CUT command to the paper cut-
ting station and the paper is cut to the desired size. Finally,
the CPU issues the CLEAR command to initialize the INT
flip-flops and clear the internal counter. It also reloads both in-
ternal -and externa! storage registers with appropriate values,
so that a new velocity profile control signal can be generated.
Much of the logic. shown could be implemented in software,
but this would require that much of the microprocessor re-
sources be dedicated to this speed control function.

Audio System Applications

Audio system equipment applications require signal con-
verters which can process bipolar analog audio signals within
a =10V range. A DAC, in an audio system, provides digital
gain and/or attenuation of input audio signals. This requires a
multiplying DAC, i.e., it must accept an audio signal either in
single ended or differential form, and process it as a function
of the digital contro! inputs. Ideally, an audio level control de-
vice provides an equal change, in dB, of relative signal level
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between any Ywo adjacent digital codes or steps throughout
its entire output dynamic range. However, differences be-
tween steps which exceed 1dB can be annoying to the human
ear. For high quality audio systems, the DAC must have low
signal distortion, (on the order 0.05% or less over most of the
dynamic range), large working dynamic range, (80dB or
more), wide bandwidth, large signal to noise ratio, S/N, (80dB
or more), and transient-free output gain-change operation
which is independent of digital input states.

The Companding DAC with its multiplying feature and its abil-
ity to extend its dynamic range up .to 78dB, satisfies or ex-
ceeds most of these requirements. It handles audio input sig-
nals up to =10V, and its output signal distortion is 0.02% or
less over most of the audio signal range. Its nominal level/
step resolution is 0.15dB, and its S/N ratio is 80dB or better
when referred to a 1V output. However, its total usefu! audio
dynamic range, with a maximum 1dB difference between two
adjacent steps, is only 59dB, and its output exhibits DC gain
step transient effects, due to the required DC bias current.

The Companding DAC’s DC output current potential “click” ef-
fects must be suppressed for applications in audio systems
where there are large changes in the digita! input code. Figure
30 shows the connection for the necessary DC output current
compensation. The output dynamic range can be adjusted by
varying the value of resistor R2. To suppress the DC step
transients, the current 1, compensates for all DC changes in
current ly. The I3 current reflects only the AC changes in cur-
rent |; and the current through resistor R2 due to changes in
the V,y signal. This allows the attenuated V|y signal to be DC
coupled through op-amp A2. The maximum gain for the circuit
is assumed to be unity, (0dB), when all digital inputs are set
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at logic 1. A determination of the resistor values Rpgpy, R1
and R2, was discussed in the section on the AC coupled digi-
tal attenuator. The Rrgp— value should be identical to Rggg+
value and the R3 and R4 values must be equal, so that the
current, I, will compensate for the DC component of ;.

The 1dB audio resolution requirement truncates approximately
19dB from the Companding DAC’s total dynamic range of
78dB. The level ratio becomes greater than 1dB between the
9th and 8th step of chord 0, (0.25uA/step). If the 1dB reso-
lution criterion is applied to a comparable sign-plus-13 bit
linear DAC, the corresponding 1dB requirement also takes off
19dB, and the breakpoint occurs between the 9th and 8th
step of the linear 13-bit DAC transfer characteristic. The
subtle difference between the 13-bit linear DAC and the
sign-plus-8 bit Companding DAC lies in the distribution of the
dB ratio values within the steps of the 53dB workable audio
dynamic range. For a linearly scaled 13-bit linear DAC, the
level ratios in dB among the steps close to the full scale
current are very small. The ratios increase as the step
numbers decrease toward zero. On the other hand, the
sign-plus-8 bit Companding DAC maintains a near constant
0.15dB between steps over the entire dynamic range, with the
exception of steps in chord 0. !

The 59dB working dynamic range is not wide enough for high
quality audio systems which require an 80dB audio control
range. To satisfy this requirement, two DACs can be
cascaded with their digital inputs driven in parallel. The total
dynamic range is now increased to 156dB and the working
range, (1dB/step or less), is now approximately 106dB. A
cascading scheme for Companding DACs, which also
provides for DC transient-free operation, is shown in Figure
31. The advantage of the cascaded Companding DAC’s
scheme over a similar cascaded linear DAC’s scheme is in
the number of control bits required to achieve the 106dB
range and in the 0.3dB/step uniform attenuation distribution

\
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over most of the 106dB range. The audio signal, V|, is
shown in Figure 31 as a single input.

All three Companding DACs in Figure 31 have their SB inputs
tied to logic 1. The reference currents for all three DACs
should be maintained at positive values throughout the
attenuation procedure by proper selection of the input resistor,
Rin = Vin/lin, where Ijy < lggg. In Figure 31, the maximum
Iin value is equal to one half of the DC reference current, and
the maximum value of V,y is only limited by the output.
voltage swings of operational amplifiers A2 and A3. The DC
transient effects in the cascaded DACs are compensated for
by using a Companding DAC followed by the A1 op-amp. The
DC compensation circuitry is completely isolated and
independent of the AC effects of the applied audio signal Vyy,
and the only critical requirement is matching Ry and Rggg(+).
The step sizes in all chords should be matched for all three
Companding DACs. For audio signals with amplitudes not
more negative than —5V, (Companding DAC’s maximum
negative output voltage is —5V), the A1 op-amp can be
eliminated, and the positive inputs of the A2 and A3 op-amps
can be driven by the DC compensating DAC directly.

Companding DACs, with their logarithmic transfer function,
are natural generators for the attack and decay analog signal
waveforms used in electronic organs and musical
synthesizers. A waveform’s attack, sustain, and decay times,
together with additional harmonic content information,
determine the sounds of a particular musical instrument. For
example, woodwinds have very short attack and decay times.
The circuit shown in Figure 32 generates trapezoidal-like
waveforms’ with exponential rise and fall times under the
control of an 8-bit microprocessor, Am9080A. Digital inputs
are supplied by two pairs of 4-bit binary counters,
Am25LS191, which are set to the Count Down mode. All of
the counters are simultaneously loaded by the LOAD
command which is decoded from the microprocessor’'s
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address signal combination. Companding DACs 1 and 2 are
in the decode mode. The SB inputs are determined by the
most significant data bit, DB7, which is stored in the flip-flop
during counter loading. The Companding DACs’ decode
outputs which have the same polarity are tied together and
fed into an LF356 operational amplifier. After the settling time
required for the Companding DAC'’s outputs, the currents at
the op-amp’s inputs should be equal, and its output, Voyr,
should be OV. A command COUNT #1 closes the analog
switch, AH0014, and enables counters 1A and 1B via their
ENABLE inputs. The 500kHz clock frequency allows sufficient
settling time for the Companding DAC’s outputs. The initial
rise of the op-amp output voltage, Vgyr, depends on the
number initially stored in the counters, i.e., it depends on the
starting-point of the Companding DAC transfer characteristic.
When Counter #1 reaches zero, the INT1 signal indicates
underflow, further counting stops, and the microprocessor is
informed about the end of Counter #1 operation. After a
certain sustain time, which can be preprogrammed, the
microprocessor issues the COUNT #2 command and the
Vout waveform starts its decay portion. The time duration of
the Attack and Decay slopes generated by the logic in Figure
32 are equal and is specified by the starting count in Counters
#1 and #2.

Note that the microprocessor can control the counting
functions and the external counter could be replaced with
simple, octal data latches. With the increased use of digital
techniques and microprocessors for control functions in
complex audio systems, microprocessor controlled analog
waveforms, similar to those generated by the logic in Figure
32, may become very desirable and attractive tools for the
generation of various audio effects. However, it is important to
remember that the output from the Companding DAC consists
of discrete, non-uniform steps and is not continuous. To
obtain a real, continuous signal from the output, some filtering
or integration may be required.

Telecommunication System Applications

Digital PCM transmission systems compress analog speech
signals into a train of 8 digital bits for each sample. They
transmit this information and then decode and expand it back
into analog signals. The Companding DAC represents a
monolithic solution for most requirements of the PCM
encoding and decoding procedures. This device replaces a
considerable number of discrete and hybrid components in
existing PCM transmission schemes. At the same time, the
Companding DAC provides increased signal-to-noise ratio in
the system, reduces system signal distortions and stimulates
further development and wider usage of digital channel
switching techniques.

Currently, most transmission systems in the United States
follow the Bell D3 communication channel bank specifications,
where each channel bank consists of 24 voice channels and
the necessary transmission equipment. The entire signal
sampling, encoding and muitiplexing procedure in the 24
channel bank system must be performed within 125us. The
PCM channel time slot distribution, within a one 125us time
frame, is shown in Figure 33. Each slot contains an 8-bit
digital representation of a.particular signal sampled from a
corresponding voice channel. The total number of bits in the
D3 channel bank time frame is calculated as follows: (24
channels x 8 bit/channel)+ 1 signalling bit = 193 bits. The
additional single bit is used to identify the beginning of a
frame, and data is transmitted at 1.544MHz (193 bits/samples
x 8000 samples/sec). .In addition, in every sixth frame the
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Fig. 33. PCM Channel Timing Frame Format.

least significant bit in each channel slot is used for
- communication signalling purposes. Consequently, the signal
samples in every sixth frame are represented with only 7
digital bits. The increase in signal distortions in this time frame
is slight and is not considered significant for PCM voice
transmission performance. When the Companding DAC is
used as a simple decoder at the receiving side of a system,
the connection shown in Figure 19 can be used to minimize
distortion caused by the absence of the least significant bit,
B7, during these signalling frames. When the signalling frame
is recognized, the Companding DAC output is increased by a
half step from its corresponding decode output value by
switching the E/D input from a logic 0 level to a logic 1.
However, the European systems, using A-law devices, have
32 channels per bank where the 2 channels are used for
signalling information. Each frame requires 256 (32 x 8) bits.
The corresponding data transmission rate is 2.048MHz (256
bits/sample x 8000 sample/sec).

In a two-way PCM communication system, a single
Companding DAC can perform the time shared encoder and
decoder functions known as the CODEC function. The logic
state of the E/D input determines the operating mode of the
Companding DAC and switches the output. current to the
appropriate outputs. The Companding DAC digital inputs
during the encode operation are generated by the successive
approximation procedure. In the decode mode, the eight
digital inputs are supplied from an external source, either in
serial or parallel. The basic diagram for a typical CODEC is
shown in Figure 34.

The logic in Figure 34 provides automatic handling of the E/D
signal levels during the CODEC’'s XMT mode of operation.
The first task of the system is to initialize the SAR circuit by
proper manipulation of the START input for the successive
approximation procedure. The XMT COMMAND should be
-synchronized with the low-to-high transition of the START
pulse, and its level must be held at logic 1 for the next 8
CLOCK pulses to keep the three-state XMT buffer, 74126, in
_the low impedance state. During the A to D conversion period,
a serial train of 8 digital bits, which represent the sample at
the TRANSMIT ANALOG INPUT in Figure 34, appears on the
XMT DATA line. XMT and RECEIVE commands are mutually
exclusive.

The CODEC in Figure 34 is set to the receive mode of
operation by setting the RECEIVE command signal to a logic
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0 level after the START pulse returns to its positive level. A
serial data source, DATA STORAGE, supplies a digital train
of 8 bits to the serial input D of the SAR circuit via the
three-state buffer, RCV, 74126. At the same time, the
RECEIVE command signal level keeps the exclusive-or gate
output separated from the same SAR’s serial D input via
another three-state buffer, SEP. The same command also
keeps the E/D input of the Companding DAC at logic 0
throughout the entire D to A procedure via the MODE flip-flop
in the successive approximation logic. In this CODEC’s
receive mode, the SAR circuit acts as a serial-to-parallel shift
register for the incoming data on the RECEIVE DATA line.
After the 8 clock pulses, the outputs of the SAR are ready for
the D to A conversion. An analog current representation of the
RECEIVE DATA train, appears at the RECEIVE ANALOG
OUTPUT, after an appropriate settling time. During this time
the SAR outputs must remain unchanged and the START
signal must remain at logic 1. The RECEIVE command signal
must be held at logic O for the entire D to A conversion time
which includes the Companding DAC's settling time. The
CODEC must sample the analog input prior to each A/D
conversion. During this sampling period the analog input
signal will be changing and the Companding DAC cannot be
used to encode this signal. The total encoding time must
include the sampling time and the A/D conversion time. If the
sampling time period is greater than the time required for the

Fig. 34. PCM Encoder/Decoder or Transcelving Converter.

decoding procedure, the Companding DAC can be used as a
decoder during this time period and thus, the decoding
operation will not require any additional system time.

The CODEC operations in PCM communication systems can
be performed on a single channel or on multiple channels in a
multiplexed channel switching scheme. The final number of
multiplexed channels which can be served by a single
Companding DAC with a data sampling rate of 8kHz is limited
by the CODEC'’s sampling and settling times.

Two examples of a single channel PCM CODEC are shown in
Figure 35 and 36. The major difference is in the structure of
the XMT and RECEIVE data bus. The parallel data 1/O
CODEC in Figure 35 transmits and receives digital data in
parallel form. The parallel data CODEC contains data bus’
transceivers, (Am)8T26, for handling data in communications
systems which might be controlled by one of the popular 8-bit
microprocessors. A parallel data /O CODEC has a
considerably shorter D to A conversion time than a serial /O
CODEC. '

The circuits shown in Figures 35 and 36 are controlled asyn-
chronously with START, XMT, RECEIVE and their corre-
sponding SAMPLE COMMANDS, which are ‘generated and
supplied externally by.a communication system. The CLOCK
signal is also externally supplied, and in the case of a serial
data /O CODEG, it must be synchronized with the incoming
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and outgoing serial data train. The CODEC's only output con-
trol signal, CONVERSION COMPLETE, CC, provides the ex-
ternal communication system with information necessary to
generate a XMT signal during the encoding procedure. XMT
and RECEIVE commands are mutually exclusive. The trans-
mit and receive data transfers can be performed either alter-
nately or simultaneously. in the latter case the external com-
munication system must employ separate transmit and re-
ceive data buses. In addition, storage devices external to the
CODEC logic must be provided for the receive data. The code
assignment for outgoing or incoming parallel data provides
uncomplemented binary values for sign and magnitude. The
'‘DAC data bus, as a result, yields “high zeros™ density for
small output signal amplitudes.

To perform a transmit operation cycle, the START pulse must
be held low for one clock cycle. Data conversion for a trans-
mit operation is completed in 9 clock cycles, where the ninth
cycle initializes the SAR for the next successive approxi-
mation procedure.

The RECEIVE operation in parallel data /O CODEC is per-
formed without using SAR logic, and the corresponding D to A
data conversion does not require a CLOCK signal. Duration of
the RECEIVE command signal must accommodate the Com-
panding DAC’s settling time, plus the sampling time (=5us)
required by the S & H circuit, used at the CODEC’s analog
output. The typical settling time for the worst case input code
transition from all ones to all zeros is about 4us. The re-
ceiving data must not change during this time. A XMT com-
mand must be issued after a high-to-low transition of the CC
signal, and its duration depends on the time required by the
external system logic to sample the correct content from the
8-bit paralle! data bus. A sample command pulse for a trans-
mit operation can coincide with the START pulse; its duration
depends on the sample and hold circuit used at the CODEC's
analog input. A sample command pulse for a receive oper-
ation must be delayed from a low-to-high transition of the
RECEIVE command signal by an amount equal to the Com-
panding DAC’s settling time. Its termination can coincide with
a high-to-low transition of the RECEIVE command signal.

In the serial CODEC the duration of XMT and RECEIVE
command signals must similarly accommodate all signal
propagation delays, as well as the settling and sampling
times, necessary for conversion of an outgoing or an incoming
series of 8 digital bits. During the receive operation, the SAR
is acting as a serial-in to parallel-out shift register for data
supplied from an external serial source. Shifting data into the
SAR requires 9 clock pulses. A sample command pulse for a
transmit cycle must be issued before an XMT command sig-
nal; its duration depends on the S & H sampling time used at
the CODEC analog input. A sample command pulse for a re-
ceive cycle must be delayed by a time equal to the Com-
panding DAC's settling time after a high-to-low transition of
the CC signal occurs. The data transmission rate at the re-
ceive line is limited only by the shifting speed of the SAR

which is rated at 15MHz. The data transmission rate at the

serial CODEC’s data XMT line is limited by the settling time of
the Companding DAC and propagation delays through the
comparator, exclusive-or, buffer (74126), and SAR devices.

In a one-way PCM communication system the Companding
DAC can be used as the decoder at the receiver end of a sys-
tem or as a part of the encoder at the transmission end of a

system. The transmission data bit rate for 24 communication.

.channels sampled at 8kHz is 1.544 megabits/sec. This trans-
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mission rate allocates 0.64us for each of 193 bits within a
125us long 24-channel time frame. A 24-channel PCM de-
coder which is capable of handling this transmission bit rate is
shown in Figure 37. This schematic does not show the logic
necessary for recognition of frame and signalling bits. To
handle a single bit in 0.64us the total signal propagation time
through the 8-bit D-type register, Am25LS273, the Com-
panding DAC, Am6072, and the op-amp must not exceed 8 x
0.64us = 5.12us. This corresponds to the total shifting time
of 8 bits through the serial-in, parallel-out, shift register,
Am25LS164. The most critical propagation delay is caused by
Companding DAC’s worst case settling time which corre-
sponds to the worst possible input transition of 1111111 to
0000000, which can occur during D to A conversion. If 4us
are taken for the worst case settling times of the DAC and
op-amp, only 1.12us are left to be distributed to all other time
delays in the system. The 4-bit counter, Am25LS161, and
8-bit shift register, Am25LS164, are synchronized with the
system supplied data clock at 1.544MHz. The additional logic
in Figure 37 consists of analog switches AH0014 and
AM9712, and the corresponding SSI control logic. This switch-
ing scheme provides a minimum of crosstalk between output
analog channels which may occur due to a possible break-
before-make switching problem. The output analog channel
hold capacitor values depend a lot on the type of a load at
these outputs. The Bell D3 specification specifies system per-
formance down to signal levels of —50dB (00000111 code on
the transfer curve). Worst case settling time from full scale to
—50dB is about 2.5us. Decoders in excess of 24 channels,
can be built using this settling time but they will have some-
what higher distortion for signal levels below —50dB.

In the PCM encoder schematic shown in Figure 38, the
maximum settling time for the Am6072 is assumed to be
1.2us for the worst input bit change. The Bell D3 specification
can be satisfied using a settling time of 1.2us, which is the
worst case settling time in the successive approximation pro-
cedure for signals near —50dB (lowest level on D3 specifica-
tion). There will be some additional error for very low level
signals, but the overall system will meet the D3 specification.
The additional logic delay in the feedback path is estimated to
be 100ns maximum, and is distributed among the comparator,
Am686, the digital 2:1 multiplexer, Am74S258, the exclusive-
or circuit, 74LS86, and the SAR, Am2502. This yields 1.3us
for one successive approximation iteration. Further timing
analysis shows that, with no additional delays, 12 channels
can be encoded within the 125us:

1.3us ¢ 812 = 104us * 12 = 124.8us
Clock = 1/1.3us = 769.23kHz

Two methods are used in the schematics in Figure 38, to pre-
vent additional delays. First, a special switching scheme of
analog input signals is employed to sample a channel from
one group while a channel from the other group is encoded.
This sampling scheme saves the time required for sampling of
an analog input and provides a solution for encoding a
maximum number of channels for the given “one-bit iteration”
time. This design uses analog multiplexers, AM9712, and
sample and hold circuits, (Am)LF398. The analog multiplexer
at the Companding DAC output, AH0014, switches to another
comparator during the time allocated for the first bit iteration,
when the sign bit of a sample is established and no current
flows through lgg outputs. Secondly, a one shot circuit is used
to modulate the positive period of the first data clock pulse,
after the SAR’s CC signal is generated. The one shot pulse
should split the positive portion of this first clock pulse into
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Fig. 37. 24-Channel PCM Decoder.

two positive pulses, and the positive edge of the second pulse
will initialize the SAR and eliminate the need for a ninth pulse.
The net effect of this pulse modulation is a reduction of the
time available to the SAR for the determination of the sign bit
value and reduction of the time available for recording the
SAR outputs with the correct least significant bit value. How-
ever, the time for sign bit evaluation is 1us, and the LSB
value can be taken from the SAR’s serial data input D at the
time of conversion completion. The encoding logic in Figure
38 is fully synchronized with the system supplied data clock
which is input at.a frequency of 769.23kHz. A similar en-
coding scheme provides encoding of 8 channels within the
125us time without the circuits which are enclosed by dotted
lines in Figure 38. Only-one S & H circuit and one comparator
can be used, and the AH0014 and 745258 circuits can be
eliminated. This D3 system's 8-channel PCM encoder has
15.6us for an A/D conversion, which allows 5.2us for the
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analog muitiplexer, (AM9712), and S & H, (LF398), to switch
and settle prior to the actual A/D conversion which takes
10.4us.

One multiplexed CODEC using a single Companding DAC is
shown in Figure 39. The CODEC's entire activity is syn-
chronized with a data clock which drives the RECEIVING
REGISTER, Am25LS22 (8-bit Serial/Parallel Register), the
SAR, Am2502, and the 4-bit binary counter, Am25LS161.
Maximum clock frequency is limited by the delays involved in
the encoding path and by the data transfer protocol chosen
for the XMT and RECEIVE data lines. Using 1.8us for the
Companding DAC'’s longest settling time and 150ns for all
other propagation delays in the encoding path, the minimum
time for eight iterations amounts to 8 x 1.95us = 15.6us. The
corresponding Data Clock frequency is 512.82kHz. A time
frame of 125us contains eight time-slots of 15.6us each.
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Fig. 38. 12-Channel PCM Encoder.

The CODEC in Figure 39 has four multiplexed channels, and
uses the data conversion protocol illustrated in Figure 40. This
protocol allocates equal time to the encoding and decoding
+ procedures. Although this is not the most economical timing
scheme, it significantly simplifies the CODEC’s logic. The
value of the most significant bit, MSB, of the 4-bit counter
controls the switching between the encode and decode func-
tions, and the switching of the input and output analog chan-

nels in the analog multiplexers, AM9712, via 1 of 4 decoder
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circuit, Am25L.82539, (Dual 1 of 4 decoder). During the nega-
tive half of the MSB period, the S & H circuit is placed in the
hold mode, the DATA CLOCK and the outputs of BUFFER
REGISTER, Am25L.5373, (Octal Transparent Latch), are ena-
bled and the Companding DAC is placed in the encode mode.
At the same time, the RECEIVING REGISTER, Am25LS22, is
receiving data with its outputs in the high impedance state. All
analog switches, XMT and RECEIVE, are open during this
negative portion of the MSB signal.
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Fig. 40. Ideal Timing Diagrams for 4-Channel PCM CODEC.
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During the positive half of the MSB signal period, data clock

inputs to the SAR and RECEIVING REGISTER, and START
input to the SAR, are kept at logic 0. The S & H circuit is put
into the sample mode, the BUFFER REGISTER is put in the
high Z state, the RECEIVING REGISTER outputs are en-
abled, and the Companding DAC is put into the decode
mode. During this positive period, the currently addressed
XMT and RECEIVE analog switches are closed. The positive
going edge of the MSB signal also updates the address code
for the analog switches.

Additional timing analysis reveals that by using different and
reduced maximum settling times, for the encode and decode
portions of the above described data conversion protocol, the

number of multiplexed channels can be significantly in-’

creased. However, the necessary logic for contro! and timing
of unequal encode and decode data conversion time periods
will be more complex than the logic shown in Figure 39. The
same encode/decode alternating timing procedure, with 1.1us
allocated for the A/D settling time, and with only 5.6us al-
lowed for D to A conversion, (not limited by the DAC), will re-
sult in eight multiplexed channels. Systems requiring more
than eight channels can be built using multi sample and hold
circuits to reduce the input sampling time period. The
maximum number of channels, limited by the Companding
DAC's settling times, can be further increased by adjusting
data clock frequency to its optimal values for each of the suc-
cessive approximation bit-iterations, repeatedly, for every A/ID
data conversion.

SUMMARY

The Companding DAC was originally developed for the needs
and requirements of PCM communication systems. When
used to perform a decoder function, at an 8kHz sampling rate,
a single Companding DAC can comfortably serve up to 24
voice channels. As a part of the encoding scheme, the Com-

-panding DAC can accommodate 12 D3 communication chan-

nels. For implementation in CODEC functions, the Com-
panding DAC is ideal for single channel CODEC schemes.
The length of the output current’s settling time is the most im-
portant parameter to be considered for the Companding
DAC's implementation .in multiple channel CODEC schemes.
An 8 channel CODEC is probably an  optimum number of
channels which can be served by a single Companding DAC.

The timing restrictions are not of such importance in industrial
systems. A logarithmic-like, piece-wise transfer function and
the very fine resolution and accuracy of a 12-bit linear DAC
which are achievable in the. Companding DAC'’s chord 0, pro-
vides industrial systems with a very sensitive tool. In addition,
the Companding DAC’s compatibility with 8-bit micropro-
cessors offers a very powerful control vehicle in the areas of
data acquisition and instrumentation systems. A wide dynamic
range of 78dB which can be extended by a cascading
scheme to 156dB or more, and a high signal-to-distortion ratio
of 80dB, allow usage of the Companding DACs for attenua-
tion functions even in a high fidelity audio system. Industrial
applications represent a large potential market for Com-
panding DACs and they should be given serious consideration
by industrial system designers.
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6-Bit 100MHz Quantizer
PRELIMINARY DATA

DISTINCTIVE CHARACT! ERISﬁCS

® 100MHz sampling rate

® 50MHz full power bandwidth

® 25ps aperture uncertainty time

® 10ns maximum encode delay

® 6-bit resolution, expandable to 8 bits

® 8-bit accuracy

e Large bipolar input voltage range

e ECL output

e Qand Q outputs on MSB for two’s complement
conversion

FUNCTIONAL DIAGRAM

VRer ut

DISABLE
l—o

L —o o

._._46:_

Vi —o agMse

——o

OUTPUT STAGE

Y2Vper

LATCH AND DECODING

VRer Low

FUNCTIONAL DESCRIPTION

The Am6606 6-bit quantizer consists of an array of 64
high-speed ECL sampling comparators with master/slave
latching, a resistor voltage divider and an ECL compatible
binary encoder. it will accurately quantize an analog
voltage into 63 equally-spaced levels and send out a 6-bit
binary digital word at sampling rates up to 100MHz.

Resolution beyond 6 bits, up to a maximum of 8, may be
obtained by stacking quantizers (n bits of resolution
requires 2n—6 quantizers). An overrange output is pro-
vided to indicate that the input signal has exceeded the
full-scale limit. An overrange disable input is also provided;
when connected to the positive supply, inputs in excess of
the full-scale limit will cause bits zero through five to
remain at logic ONE instead of resettling to logic ZERO
and toggling the overrange bit (Qg) teg@ logic ONE. This
feature is useful when one Am6g06 i¥ ised as a stand-
alone device, in which an all-%et t on overrange
would be indistinguishable R output caused
by a low input signal. ;

The high-speed

# such as the Am68S. If LE

®ven LOW, the quantizer is in

the digital binary output from the

}g We€ld. When LE is driven LOW and LE

e quantizer changes to the hold mode

B digital binary output from the new sample is

pexternal latches are required if proper attention is
e timing of LE and LE drive.

gate or a hj

#he outputs are open emitters, requiring external pull-down
resistors of a minimum of 100 ohms to —2V or 330 ohms to
~5.2V.

These devices can be used in video data conversion and
time base correction, radar signal processing, nuclear
pulse height analysis and other systems requiring very
high-speed analog-to-digital conversion.

CONNECTION DIAGRAM — Top View

D-24-1
£ ()
LAmlfs;Aan VRer HI O 1. 2a[ v+
Vaerow (]2 2] &iﬁ%’{ﬁ"“s
ORDERING INFORMATION® anacro [C]a 2[ ] pie.cro
Vi 4 21 QLS8
Order Temperature Maximum W -
Number Package Range Error ANAGND [ 7] 9
Am6606DM-8 HermeticDIP  —55t0 +125°C . £5mV oia.oNo []s w7 e
AmB606DM-7  HermeticDIP  —55t0 +125°C ~ =10mV €[] 8]0
Am6606DM-6 HermeticDIP  —55t0 +125°C *20mV e s [ o
Am6606DL-8 Hermetic DIP  —25t0 +85°C +5mV ANAGND ]9 16]] osmse
Am6606DL-7  HermeticDIP  —25to0 +85°C =10mV - -
- i - ° aNaGND [T 10 15{] o
Am6606DL-6  Hermetic DIP 25t0 +85°C *+20mV _s OVERRANGE
*Also available with bumn-in processing. To order, add suffix B to v2Rer [n 1] 0
the part number. v- [ 13 DIG.GND
03926A-ANA
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Am6606

MAXIMUM RATINGS (Above which the useful life may be impaired)

Output Current (each output)

Supply Voltage: Positive +6V 15mA
‘ Negative . i Temperature: Operating, Am6606DM —55to +125°C
Input Voltage: Analog -5to0 +3V © Am6606DL —25t0 +85°C
References —5t0 +3V Storage —65to +150°C
Digital ‘—5to OV Junction +175°C
Differential Voltage: Analog Input to References +6V Lead (soldering, 60sec) +300°C
Analog Gnd to Digital Gnds +0.1V Minimum Operating Voltage (V*.to V™) 10V
ELECTRICAL CHARACTERISTICS (Ta = 25°C, note 1, unless otherwise specmed)
DC CHARACTERISTICS
Parameter Description (see definitions) Test Conditions (Note 1) Min Typ Max Units
Resolution ) 6 Bits
Am6606 — 8 -5 +5 mv
Vos - Error Voltage (each transition) 4 -10 +10 mV
' s -6 -20 +20 mV
DNL Difterential Nonlinearity AVRer = AVREF(min) *1/2 LSB
VIN - Input Voltage +2.5 \
. AmGGOG 8 0.64 \Y
AVRer Reference Resistor Voltage _7 128 v
(VRHI-VRLO) -6 2.56 v
lrer Fleference Current AVREF = 2.56V mA
I Analog Input Current VIN = VRHI : uA
IL Latch Input Current " VL= Voy uA
VoH Oltput HIGH Voltage \Y
VoL Output LOW Voltage
it Positive Supply Current mA
I~ Negative Supply Current mA
Pp Power Dissipation 1.2 w
AC CHARACTERISTICS - ‘
Parameter st Conditions (Note 1) Min Typ -Max Units
BW el\:‘HEFA—\-/ :éisv 50 MHz
fmMax 100 MHz
tow '3 [ ns
tod Encede Delay (each transition)2 5 ns
ts Minimum Setup Time2 3 ns
th Minimum Hold Time2 M ns
ta Aperture Uncertainty Time 25 ps
tav Data Valid Time 5 ns
‘Notes: 1. Unless otherwise specified, V* = +5.0V, V™ = —5.2V, Vgy = +2.56V, Vam = + OV, VR 0 = —2.56V, tow = 5ns, and R = 1000 to —2V

at all outputs. The Am6606 is designed to meet the specifications given in the table after thermal equmbnum has been established with a

transverse airflow of 500 LFPM or greater.

maximum specified error voltage.

3-102

. Timing characteristics are for a 100mV analog input pulse level-shifted at each transition point to provide an overdrive of 1mV past the



Am6606

FUNCTIONAL PIN DESCRIPTION
REF-Hi High end of the reference resistor string. This bit. All data outputs are ECL compatible.
pin should be tied to a low-impedance refer- Q5 These differential overrange outputs are pro-
ence source. REF-HI voltage must be in the ’ vided to allow Am6606s to be cascaded or
range of: stacked for higher resolution systems. Bit 6
REF-LOW < REF-HI < +2.56V will be HIGH when V| is greater than
1/2-REF This pin is connected to the center of the REF-HI or when overrange disable is tied to
reference resistor string. It can be connected V+. These pins are ECL compatible.
to a low-impedance source at a voltage ~ QVERRANGE When this pin is tied to D.GND, bits 0—5
halfway between REF-HI and REF-LOW to DISABLE will be driven LOW whenever Vi is greater
improve linearity. than REF-HI (overrange condition). Tying
REF-LOW This pin is connected to the low end of the this pin to V+ causes Qp-5 to stay HIGH
reference resistor string and should be on overrange.
connected to a low-impedance reference v+ Positive power supply.
source. REF-LOW voltage must be in the _ "
range: \'} ) Negative power supply.
~2.56V < REF-LOW < REF-HI DIG The ground for the EQL circuitry. All digital
. i GND grounds should be tied together and a
Vin _ The signal to be quantized. low-impedance ground path should be
LE, LE Differential latch enable inputs. These pins maintained.
should be connected to a differential ECL ANA The analog ground. All analog grounds
sample clock. ) GND should be tied together and should be tied to
Qg-5 Quantizer data output pins. They are a the digital ground at only one point in the
binary representation of Vi, bit 5 is the MSB system. .
TRUTH TABLE
Output
Input Overrange
Analog Input _
(relative to VR o) Op Qg Qg Qs Q4 Q3 Q - Q4 Qo
Viy < —B%AVREF ov H L L L L L L L
1 1
6—4AVREF <VIN < -sEAVREF ov H L L L L L L H
1 3
35AVREF <VIN < 57 AVREF ov H L L L L L ’ H L
3 1
&AVREF < VIN < EAVREF oV H L L L L L H H
1 5
EAVREF <VIN< ngVREF ov H L L L L H L L
éAVREF <Vin< %AVRE;: ov H L L L L H H H
1 AVeer < Vin < ZAVRee ov H L L L H L L L
15 1
g[{AVREF <V|N< by AVREF ov H : L L L H H - R H
1 17 .
ry AVRer < VIN < ﬁAvREF ov H L L H L L L L
31 AV, 1
B2 AVREF <VIN< 3 AVRgfF | ov H L L H H H H H
1 33
3 AVREF < VIN < 6—4AVREF ov H L H L L L L L
63
'6—4AVREF < V|N < AVRgp ov H L ) H H H H H H
AVREF < VIN ov L H L L L L L
AVREf < VIN Y L H H H H H H H
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Am6606
DEFINITION OF TERMS

Vos ERROR VOLTAGE - The voltage difference between I+ POSITIVE SUPPLY CURRENT — The current re-
each nominal transition voltage (n/64 AVRer + VRLO) quired from the +5V supply to operate the quantizer.
and the actual voltage required to produce the proper - NEGATIVE SUPPLY CURRENT — The current re-

change of state at the outputs. The given limits apply

uired from the —5.2V supply to operate the quantizer.
over the full input voltage range, for +5% supply volt- d pply to op d

age tolerances, and for reference resistor voltages Ppiss POWER DISSIPATION — The power dissipated by the
from the specified ‘minimum up to 2.56V. A voltage . quantizer at full-scale (output code 01111) with all out-
source of 1/2 AVRer + VRLO must be used at the ref- puts lermlnated in 1000 to —2V and with 5.12V refer-
erence resistor midpoint (VRm) in order to obtain the ence resistor voltage.

error specifications of the —7 and —8 product grades. Fpp  FULL POWER BANDWIDTH — Maximum full-scale
This is necessary to reduce the effect of comparator input frequency that can be digitized.

bias cgrrent loading on the reference divider over the Fuax MAXIMUM SAMPLING FREQUENCY — The
operating temperature range. :

maximum sampling rate at which the quantizer can
DNL DIFFERENTIAL NONLINEARITY — The difference correctly encode an analog signal.

between actual adjacent transition voltages (in LSB) - "
. . o b t MINIMUM SAMPLE TIME — The minimum time (at the
Th ed pw 4 g
relative to a nominal 1 LSB. This is specified at the 50% points) that the quantizer must be sampling (Latch

minimur_n r.e'ference rgsislor voltage where'th'e er.rors Enable HIGH, Latch Enable LOW) in order to acquire and
are a significant fraction of an LSB. The limits given hold an input signal charge.

guarantee monotonicity and no missing codes.
" - t ENCODE DELAY - The propagation delay measured
_ pd propag: y
ViN INPUT VOLTAGE — The range of applied voltages at from the 50% point of the Latch Enable HIGH-to-LOW

m?t analogdancl;:fe;erl!oe inpu;§ o:{er Whldll the error transition to the 80% point of an-output LOW-to-HIGH
voitage and encode delay specifications apply. transition (or the 20% point of an output HIGH-to-LOW

AVRer REFERENCE RESISTOR VOLTAGE — The external : transition). The analog input signal applied to cause
voltage applied across the 64-section resistive divider the outputs %o change is 1mV in excess of the guaran-
(VRHI — VRLO). The specified minimum is determined teed error voltage limits. Each of the 64 transition
by the error voltage and differential nonlinearity fimits, points is tested for inputs above and below the nominal

and the maximum is set by transistor emitter-base transition voltages.
" breakdown valtage. Eror voltage caused by resistor ts  MINIMUM SETUP TIME — The minimum time before
divider mismatch increases 'Ilnearly with voltage; the negative transition of the Latch Enable signal that
uthpe:zfgrseé\}he error voltage limits are guaranteed only an analog input signal change must be present in order

to be acquired and encoded by the quantizer.

th MINIMUM HOLD TIME — The minimum time after the
negative transition of the Latch Enable signal that the
analog input signal must remain unchanged in order to
be acquired and encoded by the quantizer.

lrRer  REFERENCE CURRENT - The current drawn from
the external voltage reference by the reference resis-
tor. It is specified at the maximum reference voltage for
which the error specifications apply.

Is ANALOG INPUT CURRENT — The current into the
analog input terminal. The value of this current in-
creases as the analog input voltage rises toward full-
scale due to the increasing number of comparators
being switched on. The limit given is for inputs above
full-scale, which is the maximum condition.

tay DATA VALID — The propagation delay measured from
the 50% point of the Latch Enable LOW-to-HIGH
transition to the 80% point of an output HIGH-to-LOW
transition (or the 20% point of an output LOW-to-HIGH
transition). The combination of sampling frequency,
encode delay, and analog delay determines the time

IL LATCH INPUT CURRENT — The current into either that the output data is valid. The analog delay is mea-
ECL latch input terminal. The maximum value of this sured with a large input signal (79 to 94mV) in excess
. current occurs when a logic HIGH is applied. of the nominal transition voltage, which is the worse
VoH OUTPUT HIGH VOLTAGE — The logic HIGH voltage condition (minimum delay).
at any output with an external 100 pulldown resistor ta APERTURE UNCERTANTY TIME — Time variations
returned to —2V. or uncertanty between comparators entering the
VoL OUTPUT LOW VOLTAGE - The logic LOW voltage at hold mode.

any output with an external 100 pulldown resistor
returned to —2V.

' THERMAL CONSIDERATIONS

In order to achieve the high-speed of the Am6606, a large amount of power is required to be dissipated by the package. This increases
the temperature of the chip relative to the ambient temperature. To be compatible with other ECL circuits which normally use airflow as
a means of package cooling, the Am6606 characteristics are specified for an airflow across the package of 500 linear feet per minute or
greater. Thus, even though different- ECL packages on a circuit board may have different power dissipations, all will have the same
input and output levels, provided each sees the same airflow and temperature. This eases design, since the only change in characteris-
tics between devices is due to the increase in ambient temperature of the air passing over the devices. If the Am6606 is operated
without airflow, the change in electrical characteristics due to the increased chip temperature must be taken into account, and the
maximum ambient temperature is limited to 70°C with a thermal derating of 60°C/W.

INTERCONNECTION TECHNIQUES

Al high-speed ECL circuits require that special precautions be taken for optimum system performance. The Am6606 quantizer is no
exception. A ground plane must be used to provide a good, low inductance, ground current return path. The impedance at the analog
input should be as low as possible and lead lengths as short as practical. It is preferable to solder the device directly to the printed
circuit board instead of using a socket. Open wiring on the outputs should be limited to less than one inch and should be kept away from
the input and voltage reference pins. For longer lengths, the printed circuit interconnections become microstrip transmission lines when
backed up by a ground plane, with a characteristic impedance of 50 to 150 ohms. Reflections will occur unless the line is terminated in
its characteristic impedance, which can be no less than 100 ohms for the Am6606 when terminated to —2V. Best results are usually
obtained with the terminating resistor at the end of the driven line. The supply voltage and reference input pins should be well de-
coupled with RF capacitors connected to the ground plane as close to the device pins as possible.
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Am6606 TIMING DIAGRAM

NOMINAL TRANSITION VOLTAGE

% A VREF + VRer Lo (1 =1T064)

g — \
i — N E—S—
e
/R
. ///i//// A\

(0-TO-1 TRANSITION SHOWN)

APPLICATIONS INFORMATION

Figure 1 shows the Am6606 in its basic connection. In this
example it has been setup for bipolar inputs with the reference
inputs buffered by operational amplifiers. An Am685 has been
used to drive the Latch Enable inputs; the input to the Am685
should be a square wave centered about ground. A low-
impedance buffer should be used to drive the Analog Input in
order for the full bandwidth of the device to be utilized. The.
input capacitance of the Am6606 is approximately 25pF; if the
input is driven from a high-impedance source a low pass filter
is formed and high frequency inputs will be attenuated. In this
application of Figure 1 the Overrange Disable pin has been tied
to V+ to cause bits 0—5 to stay HIGH on an overrange and to

allow the system to distinguish between overrange and zero, in
a 6-bit application.

Figure 2 shows four Am6606s connected as a 100MHz 8-bit
quantizer. NOR gates are used to decode the Overrange Out-
puts for bits 6 and 7. The low order bits (0—5) are wire-OR'd
together and connected to OR gates to match the delay
through the NOR gates. The Overrange Disable pins on the
lower three quantizers are tied to D.GND so that they do not
interfere with the wire-OR connection. The Overrange Disable
of the top quantizer is tied to V+ so that all eight outputs will be
HIGH when the input is overrange.

Figure 1. Applications Circuit

‘ - REF H +V +5.0V
VREF l/ L
®$ OVERRANGE
<
REFLO DISABLE
[ [ Anaanp DIG.GND |
1K — |
Vin Qg (NOTE 1)
= LOW OUTPUT o 10051
IMPEDANCE BUFFER | I ANA.GND %
Vin D——‘ DIG.GND a@fp—o ¥
6 Am6606
LE . E Q3 —o
SIGNAL
LE Q; [—o°
ANA.GND o5 }—o
ANA.GND Qg f—o
1/2 REF 8 —o
Note: All quantizer outputs should have =~ —V-52V &——— V~ DIG.GND [—— !
1009 pulldown resistor to —2V.
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ViN

Figure 2.

LOW QUTPUT
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VWA
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- Am6688

4-Bit Quantizer

DISTINCTIVE CHARACTERISTICS
100MHz sampling rate ‘
50MHz full power bandwidth
10ps aperture uncertainty time
5ns maximum encode delay

8-bit accuracy
Large bipolar input voltage range
ECL Output

L]

L ]

.

[ ]

@ 4-bit resolution, expandable to 8 bits

L

L]

[ ]

® Q and Q Outputs on MSB for 2's complement conversion

FUNCTIONAL DIAGRAM

ANALOG

5 " ir‘ B
;RE::EEE‘N_CE——I_— Ehn
s

NS
=

A/

1)
1 }
2

Y

FUNCTIONAL DESCRIPTION

The Am6688 4-bit quantizer consists of an array of 16 high-speed
ECL sampling comparators, a resistor voltage divider, and an ECL-
compatible binary encoder. It will accurately quantize an analog
voltage into 15 equally-spaced levels and output a 4-bitbinary digital
word at sampling rates up to 100MHz.

Resolution above 4-bits, up to a maximum of 8, may be obtained by
stacking quantizers (n bits of resolution requires 21~ quantizers).
An averrange output signal is provided to indicate that the input
signal has exceeded the full-scale limit. This overrange output is
also the enable gating signal used to encode the higher-order bits of
the output in a stacked configuration.

The high speed latch enable inputs are intended to be driven from
the complementary outputs of a standard ECL gate or a high-speed
comparator such as the Amé85. If LE is driven high and LE is driven
low, the quantizer is in the sample mode and operates fike a low-
gain, high-bandwidth amplifier. When LE is driven low and LE
is driven high, the quantizer will hold its existing digital binary
output word.

The outputs are open emitters, requiring external pull-down resis-
tors to —2V or to —5.2V.

These devices can be used in video data conversion and time-base
correction, radar signal processing, nuclear pulse-height analysis,
and other systems requiring very high-speed analog-to-digital
conversion.

n ORDERING INFORMATION*
. Order Temperature Maximum
— i’ Number Range .Error
i}
n Am6688DL-8 —-30to +85°C +5mV
.‘h o Am6688DL-7 -30to +85°C +=10mV
Am6688DL-6 —30to +85°C +20mV
10 > MSB
.‘ s Am6688DM-8 —55t0 +125°C =5mV
> Am6688DM-7 —55t0 +125°C +10mV
¢ .hn Am6688DM-6 -55t0 +125°C +20mV
r‘als:ﬁa":ucz N *Also available with burn-in processing. To order add suffix B
M .h ~ to part number.
7
) .'h - CONNECTION DIAGRAM
3 b Top View
t_ a .. e O LsB
I Hermetic DIP
- i» D-18-1
h
D> DIGITAL GND #1 [:J 1® 18] o ouTPuT
.h 3 anatoa Gro []2 17[7] G output
b v+ _ POSITIVE SUPPLY []3 16[] azouteuT
t— J ..' D Vin ~ ANALOG INPUT [ 4 15[7] 3 oUTPUT
2 Vant - REFERENCE HIGH [ 5 14| HALF REFERENCE - Vigy
.‘ ! n VhLo - REFERENCELOW [T|6 13[7) @ OUTPUT
'nsrfgauce V= — NEGATIVE suPPLY (17 12{7 @y outpUT
vkw?—vw—' -b.' R 1E - LATCHENABLE []a 11[7] Qo OUTPUT
: t: , el LE — LATCH ENABLE []9 10[] viGITAL GND #2
9

Lic-900

Note: Pin 1 is marked for orientation.
LIC-901
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Am6688

MAXIMUM RATINGS (Above which the useful life may be impaired)

Supply Voltage: Positive +7V Output Current (each output) 15mA
Negative N Temperature: Operating, Am6688DL —30to +85°C
Input Voltage: Analog -5V to +3V Am6688DM —5510 +125°C
References —5Vto +3V Storage —65to +150°C
Digital -5V to OV Junction +175°C
Differential Voltage: Analog Input to References +6V Lead (soldering, 60sec) +300°C
Analog Gnd to Digital Gnds +0.1V Minimum Operating Voltage (V* to V™) 10v
ELECTRlCAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES
(Unless otherwise specified)
DC Characteristics Am6688DL Am6688DM ]
Symbol Parameter (see definitions) Conditions (Note 1) Min Max Min Max Units
Resolution 4 4 Bits
Am6688 — 8 -5 +5 -5 +5 mV
Vos Error Voltage (each transition) -7 -10 +10 -10 +10 mvV
-6 ~-20 +20 -20 +20 mV
DNL Differential Nonlinearity AVReF = AVREF(min) -0.5 0.5 -0.5 0.5 LsB
VIN . Input Voltage -33 +2.7 -33 +2.7 Vv
. Am6688 - 8 0.16 6.0 0.16 6.0 v
AVRer Reference Resistor Voltage _7 0.32 6.0 032 6.0 v
(VRHI—VRLO) -6 0.64 6.0 0.64 6.0 v
IRer Reference Current AVREF = 2.56V 6.0 17 5.0 18 mA
Ig Analog Input Current VIN = VRHI 230 250 nA
IL. Latch Input Current VL = Vo 200 220 pnA
Ta = 25°C -0.93 -0.72 -0.93 -0.72 \
Vou Output HIGH Voltage Ta= TaA(min) -1.03 ~0.80 -1.08 -0.83 \
: ’ Ta = Tagmax) -0.86 -0.64 -0.83 -0.58 v
Tp = 25°C. -1.90 -1.62 -1.90 —-1.62 \
Voo . Output LOW Voltage Ta = TA(min) -1.93 -1.65 -1.95 -1.66 v
Ta = Ta(max) —-1.86 ~1.58 —-1.84 -1.54 v
I+ . Positive Supply Current 100 100 mA
1~ Negative Supply Current 100 100 mA
Poiss Power Dissipation AVRgr = 2.56V 12 12 w
AC Characteristics Am6688DL Am6688DM :
Symbol Parameter (see definitions) Conditions (Note 1) Min Max Min Max Units
. Ta=25C"’
Fep Full Power Bandwidth AVRef = 2.56V 50 (Typ) 50 (Typ) MHz
VIN = AVReF
Fuax Maximum Sampling Frequency 100 100 MHz
tow Minimum Sample Time 3 3 ns
. Ta(min) < Ta < 25°C 5 5 ns
t Encode Delay (each transition)2 Almin) = 1A
ad v { ) Ta = Tamax) 6 8 ns
ts Minimum Set-up Time2 Ta = 25°C 3 3 ns
th Minimum Hold Time2 Ta = 25°C 1 1 ns
- TA(min) < Ta < 25°C 3 3 ns’
1 Analog Delay (each transition)2 (min)
pa Ta = Ta(max) 4 4 ns
ta Aperture Uncertainty Time Ta = 25°C 10 (Typ) 10 (Typ) ps
Notes: 1. Unless otherwise specified, V¥ = +6.0V, V™ = —5.2V, VgHj +2.56V, VRM = + 1.28V, VLo = OV, thw = 5ns, and R = 1000 to —2V at all

outputs. The specifications given for Vgs, DNL, and t,g apply over the full Vi range and for 5% supply voltages. The Am6688 is designed to
meet the specifications given in the table after thermal equilibrium has been established with a transverse air flow of 500 LFPM or greater.-

2. Timing characteristics are for a 100mV analog input pulse level-shifted at each transition ponnt to provide an overdrive of 1mV past the maximum
specified error voltage. 3.108
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TIMING DIAGRAM ) KEY TO TIMING DIAGRAM

= ow WAVEFORM  INPUTS oUTPUTS
MUST BE WILL BE
LATCH — —— -_— — 50% . STEADY STEADY
LE

i

WILL BE
NOMINAL TRANSITION VOLTAGE m T eGE CHANGING |
2 \Vgg + VLo (n=1T0 16)
16

WILL BE
T msec Sisieing
FROM L TOH

' DON‘T CARE: CHANGING:
OUTPUT VALID DATA ——— :M ANY CHANGE ~ STATE B
ERMITT N, WN
LIC-902 P ED  UNKNO

ANALOG
INPUT

Vog+ 1mV

During the sampling time, the quantizer acts like a low-gain, very wide-bandwidth linear amplifier. The gain is not high enough to hold the
outputs in a stable logic state under all conditions; consequently, the outputs may be undefined during this period. The time that the outputs
are unstable begins tp, after the Latch Enable goes HIGH, and terminates tpg after it goes LOW. It is best to minimize this time by using as
narrow a sampling pulse as possible, since the possibility of oscillation due to external parasitic feedback is greater the longer the device is in
the analog mode.

DIGITAL OUTPUT CODE

TYPICAL TRANSFER FUNCTION TRUTH TABLE
Analog Input
(relative to VRL0) Q | Q3 | Q Q; | Q
ViN <76 AVREF L L L L L
10000t~
o |- 16AVREF < V|N < 18 AVRer L L L L H
o0 1o |-
L 1 3
o ot MINIMUM STEP WIDTH = 1LSB-DNL ——‘ ’-— EAVREF < VIN <% AVReF L L L H L
0 1100 f~
:“:; B |e— Vosin+1) 136 AVRer < VN < ; AVREF L L L H H
0 100t |~ Vosm—=] [~ 1 5
0 1000 |- TAVREF <ViN< 1SAVREF L L H L L
0 ont -
o omo |- SAVREF <Viy <% AVRer Llco|H]|co]|mn
0 o101 r—
o o0 - . 2 wVrer < Vin < Laveer LiL]wH|H]|L
00om |-
000w |- 7
——'Lsal- J5AVRer < Vint > AVRer LlL|H|H]|H
0 0001 |~
© 0000 TN S T U W O S TN SN S N SO N 1 9 ]
VaLo Vam VeHl 'EAVREF <VN<Tz 6 AVRer L H L L L
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Am6688
DEFINITION OF TERMS

Vos ERROR VOLTAGE - The voltage difference between I+ POSITIVE SUPPLY CURRENT — The current required
each nominal transition voltage (n/16 AVRgr + VRLO) from the +6V supply to operate the quantizer.
and the actual voltage required to produce the proper - NEGATIVE SUPPLY CURRENT — The current required

change of state at the outputs. The given limits apply over
the full input voltage range, for 5% supply voltage toler-
ances, and for reference resistor voltages from the
specified minimum up to 2.56V. A voltage source of 1/2
AVRgr + VRLO must be used at the reference resistor

from the —5.2V supply to operate the quantizer.

Ppiss POWER DISSIPATION — The power dissipated by the
quantizer at full-scale (output code 01111) with all outputs
terminated in 1002 to —2V and with 2.56V reference resis-

midpoint (VRM) in order to obtain the error specifications . tor voltage.

of the —7 and -8 product grades. This is necessary to Frp FULL POWER BANDWIDTH — Maximum full scale input
reduce the effect of comparator bias current loading on frequency that can be digitized.

trr;ig;e(erence divider over the operating temperature Fmax MAXIMUM SAMPLING FREQUENCY — The maximum

sampling rate at which the quantizer can correctly encode
DNL  DIFFERENTIAL NONLINEARITY - The difference bet- an analog signal.

;"’ee” a°‘,“a'1 idfggm]f?”.s""’” "F;'.'ac?ef t(':” LSB) relative tow  MINIMUM SAMPLE TIME — The minimum time (at the
0 a nomina - This Is specified at the minimum re- 50% points) that the quantizer must be uniatched (Latch

:erer?ce refSisw[SV;It?rie vl\{hgtre the errors arT a 5|gnmtiam Enable High, Latch Enable LOW) in order to acquire and
raction of an . The limits given guarantee monoton- hold an input signal change.

icity and no missing codes.
t ENCODE DELAY - The propagation delay measured
" pd propag y
Vin  INPUT VOLTAGE — The range of applied voltages at the from the 50+ point of the Latch Enable HIGH-to-LOW

analog and reference inputs over which the error voltage transition to the 80% point of an output LOW-to-HIGH
and encode delay specifications apply. transition (or the 20% point of an output HIGH-to-LOW

AVRer REFERENCE 'RESISTOR VOLTAGE - The external transition). The analog input signal applied to cause the
voltage applied across the 16-section resistive divider outputs to change is 1mV in excess of the guaranteed
(VRHI — VRLO). The specified minimum is determined by error voltage limits. Each of the 16 transition points is
the error voltage and differential nonlinearity limits, and the tested for inputs above and below the nominal transition
maximum is set by transistor emitter-base breakdown vol- voltages.
tage. Error voltage caused by resistor divider mismatch ts MINIMUM SET-UP TIME — The minimum time before the
increases linearly with voltage; therefore, the error voltage negative transition of the Latch Enable signal that an
limits are guaranteed only up to 2.56V. analog input signal change must be present in order to be
IrRep  REFERENCE CURRENT — The current drawn from the acquired and encoded by the quantizer.
external voltage reference by the reference resistor. It is 1 MINIMUM HOLD TIME ~ The minimum time after the

specified at the maximum reference voltage for which the negative transition of the Latch Enable signal that the
error specifications apply. : analog input signal must remain unchanged in order to be
Is ANALOG INPUT CURRENT - The current into the acquired and encoded by the quantizer.

analog input tgrminal. The vglue of this current increases tpa ANALOG DELAY - The propagation delay measured
as the analog input voltage rises toward full-scale due to from the 50% point of the Latch Enable LOW-to-HIGH
the increasing number of comparators being switched on. transition to the 80% point of an output HIGH-to-LOW
The limit given is for inputs above full-scale, which is the - transition (or the 20% point of an output LOW-to-HIGH
maximum condition. transition). The combination of sampling frequency, en-
IL LATCH INPUT CURRENT — The current into either ECL code delay, and analog delay determines the time that the
latch input terminal. The maximum value of this current . output data is valid. The analog delay is measured with a
occurs when a logic HIGH is applied. large input signal (79mV to 94mV) in excess of the nomi-
VoH OUTPUT HIGH VOLTAGE — The logic HIGH voltage at na! Itransu:jloln voltage, which is the worse condition
any output with an external 100Q pulldown resistor re- (minimum delay).
turned to —2V. ' ta APERTURE UNCERTAINTY TIME - Time variations or
VoL OUTPUT LOW VOLTAGE - The logic LOW voltage at uncertainty between comparators entering the hold mode.

any output with an external 100§ pulldown resistor re-
turned to —2V.

THERMAL CONSIDERATIONS

In order to achieve the high speed of the Am6688, a large amount of power is required to be dissipated by the package. This increases the temperature
of the chip relative to the ambient temperature. To be compatible with other ECL circuits which normally use air flow as a means of package cooling, the
Am6688 characteristics are specified for an air flow across the package of 500 linear feet per minute or greater. Thus, even though different ECL
packages on a circuit board may have different power dissipations, all will have the same input and output levels, provided each sees the same air flow
and temperature. This eases design, since the only change in characteristics between devices is due to the increase in ambient temperature of the air
passing over the devices. If the Am6688 is operated without airflow, the change in electrical characteristics due to the increased chip temperature must
be taken into account, and the maximum ambient temperature is limited to 70°C with a thermal derating of 100°C/W.

INTERCONNECTION TECHNIQUES

All high-speed ECL circuits require that special precautions be taken for optimum system performance. The Am6688 quantizer is no exception. A ground
plane must be used to provide a good, low inductance, ground current return path. The impedance at the analog input should be as low as possible and
lead lengths as short as practical. It is preferable to solder the device directly to the printed circuit board instead of using a socket. Open wiring on the
outputs should be limited to less than one inch and should be kept away from the input and voltage reference pins. For longer lengths, the printed-circuit
interconnections become microstrip transmission lines when backed up by a ground plane, with a characteristic impedance of 50 to 150 ohms. Reflec-
tions will occur unless the line is terminated in its characteristic impedance, which can be no less than 100 ohms for the Am6688 when terminated to
—2V. Best results are usually obtained with the terminating resistor at the end of the driven line. The supply voltage and reference input pins should be
well decoupled with RF capacitors connected to the ground plane as closg t?1trc1)e device pins as possible.
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PERFORMANCE CURVES
(Unless otherwise specified, standard conditions for all curves are TA =25°C,Vt = +6.0V, V™ = -5.2V,
VRHi = 2.56V, Vpy = +1.28V, Vg o = OV, ty,, = 5ns, and R = 1000 to —2V)
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| F198/298/398

Monolithic Sample and Hold Circuits

Distinctive Characteristics

® Operates from 5V to *18V supplies

® | ess than 10us acquisition time

® TTL, PMOS, CMOS compatible logic input
® 0.5mV typical hold step at Ch = 0.01uF

® Low input offset

0.002% gain accuracy

Low output noise in hold mode

Input characteristics do not change during hold mode
High supply rejection ratio in sample or hold

Wide bandwidth

GENERAL DESCRIPTION

. The LF198/LF298/LF398 are BI-FET monolithic sample and
hold circuits with ultra-high DC accuracy, fast acquisition time
(6us to 0.01%) and low droop rate. A bipolar input stage is
used to obtain the lowest possible offset voltage and wide
bandwidth. These circuits are designed to have high common
mode rejection and a gain accuracy of 0.002%. High input im-
pedance (10'°2) permits their use with a high impedance
source without degrading accuracy.

The output buffer has a p-channel JFET input with a typical
input current of 30pA, giving a droop rate as low as SmV/Min
with a 1uF hold capacitor. The JFET has a very low noise level
and high temperature stability.

A differential logic input allows the logic to be referenced to a
separate ground from analog ground, permitting a direct inter-
face to nearly any logic family. The LF198 series guarantees no
feed through in the hold mode including input signal swings
equal to the power supply. )

The LF198A series has tightened electrical specifications.

FUNCTION DIAGRAM

CONNECTION DIAGRAMS — Top Views

P-8-1

H-8-1
INPUT
LoGIC Lc
v+ 4!&' h2PtRence
LOGIC
REFERENCE gesser 'f§=$ -
=,
CAPHAOCLI‘T,OR INPUT QUTPUT
Vo
LiC-204 LIC-205
ORDERING INFORMATION \
Part Number Package Type Temperature Range Order Number
Metal Can 0to +70°C LF398H
LF398 Plastic 0to +70°C LF398N
Leadless Oto +70°C LF398L**
Dice Oto +70°C LD398
LF298 Metal Can -25to +85°C LF298H
Leadless ~251t0 +85°C LF298L**
Metal Can —55to0 +125°C LF198H
LF198* Leadless - —55t0 +125°C LF198L**
Dice -55t0 +125°C LD198

*Also available with burn-in processing. To order add suffix B to part number.

**To be announced.

03928B-ANA




LF198/298/398

ABSOLUTE MAXIMUM RATINGS

Operating Ambient Temperature Ran
LF198/LF198A

ge

—55°Cto +125°C

4-2

LF298- —-25°C to +85°C
LF398/LF398A 0°Cto +70°C
Storage Temperature Range —65°C to +150°C
Power Dissipation (Package Limitation, Note 1) 500mwW
Derate above 25°C 6.8mW/°C
Supply Voltage +18V
Input Voltage Equal to Supply Voltage
Logic to Logic Reference Differential Voltage (Note 2) +7V, =30V
" Hold Capacitor Short Circuit Duration 10 sec
Lead Temperature (Soldering 10 seconds) 300°C
ELECTRICAL CHARACTERISTICS (Note 3} LF198/LF298 LF398
Parameter Test Conditions Min. Typ. Max. Min. Typ. . Max. Unit
o5
Input Offset Voitage, (Note 6) 2°C 1 3 2 7 mv
Full Temperature Range 10 mV
' Tj=25°C 5 25 10 - A
Input Bias Current, (Note 6) ) 50 i
Full Temperature Range 75 - 100 nA
Input Impedance Tj=25°C 1010 1010 Q
R Ti= 25°C, R =10k 0.002 0.005 0.004 0.01 %
Gain Error
Full Temperature Range 0.02 0.02 %
Feedthrough Attenuation Rano o
at 1kHz =25"C,Ch =0.01uF 86 96 80 90 dB
) Tj = 25°C, “HOLD"" mode 05 2 0.5 4 e
Qutput Impedance
Full Temperature Range 4 6 Q
“HOLD" Step, (Note 4) =25°C, Cph, = 0.01uF, VoyT =0 0.5 ‘2.0 1.0 25 mV
Supply Current, (Note 6) Tj> 25°C 4.5 5.5 45 6.5 mA
Logic and Logic Reference Input Jp— ‘
Current Tj=25°C 2 10 2 10 rA
Leakage Current into Hold Tj=25°C, (Note 5) R A
Capacitor (Note 6) Hold Mode 30 | 100 30 200 i
AV =10V, Cy, = 1000 pF . 4
Acquisition Time to 0.1% ouT h P 4 i
Cp = 0.01uF 20 20 us
Hold Capacitor Charge Current VIiN — VouT = 2V 5 5 mA
Supply Voltage Rejection Ratio Vout=0 80 110 80 110 dB
Differential Logic Threshold Tj =25°C 0.8 1.4 2.4 08 1.4 24 \%
Nétes: 1. The maximum junction temperature is 150°C for the LF138, 115°C for the LF29§, and 100°C for the LF398. When used at a higher ambient temperature the
metal can package must be derated based on a thermal resistance (6jA) of 150°C/W. Derate N package 5.6mW/°C above 36°C.

2. The differential voltage may not exceed this limit. The common mode voltage on the logic pins may equal the supply voltage without causing damage
to the device. For the LF198 to operate properly, one of the logic plns must be at least 2V below the positive supply and 3V above the negative supply.

3. The following conditions apply unles otherwise noted: Device is in “sample mode.” Tj = 25°C, Vg = =15V, —=11.5V < Vi < +11.5V, C;, = 0.014F, and R,
= 10k, Logic reference voltage = 0V. Logic input voltage = 2.5V.

4. The hold step is produced by a charge which is coupled from the logic input signal to the hold capacitor via parasitic capacitance and internal operating
pount changes Stray capacitance equal to 1pF will create a 0.5mV step with a 5 volt fogic swing and a 0. 01uF hold capacitor. This step can be reduced by
increasing the magnltude of the hold capacitor.

5. Leakage current is measured at a junction temperature of 25°C. The junction temperature doubles the 25°C value for each 11°C increase in chip
temperature. Leakage is guaranteed over the full input signal range.

6. These values are guaranteed over the =5 to =18V supply range.
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ANALOG o
INPUT

LOGIC INPUT CONFIGURATIONS

TTL AND CMOS
3V <V g(HI STATE) <7V

O ouTPUT

O OUTPUT

Threshold ~ 4V

Threshold = —4V

SAMPLE
VigO
HOLD A\ HOLD
Lic-207 _J—I_ Lic-208
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7V < VL G(HI STATE) < 15V
ANALOG O OUTPUT ANALOG O OUTPUT
INPUT
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OP AMP DRIVE
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APPLICATION INFORMATION

Freezing the input to an analog-to-digital {A/D) converter is an
important application for the sample and hold amplifier. If the
analog input to the A/D changes during conversion by the
amount *1/2LSB, an ideal A/D would produce 1 LSB error
beyond normal quantization error. A sample and hold amplifier
eliminates this problem by holding the input signal to the A/D
converter during the conversion interval. The proper choice of
hold capacitor value and type is necessary to obtain optimum
performance. The capacitor value directly affects several
circuit parameters, particularly acquisition time, droop rate,
and hold step. The hold step error is inversely proportional to
the value of the hold capacitor.

Graphs are provided in this data sheet for use as guides in se-
lecting a suitable value of capacitance. However, the capacitor
should have extremely high insulation resistance and low di-
electric absorption, or dielectric hysteresis. Polypropylene
(below +85°C) and Teflon {(above +85°C) types are recom-
mended. The hysteresis error can be significantly reduced if

the output of the LF198 is digitized immediately after the:

hold mode is initiated. The hysteresis relaxation time constant
in polypropylene, forinstance, is 10-50ms, thus if A/D conver-
sion can be made within 1ms, hysteresis error will be reduced
by a factor of ten.

The logic inputs on the LF198 are fully differential with low
input current and will operate from TTL levels up to 15V.
"Some typical logic input configurations are shown in this data
sheet. The logic signal into the LF198 must have a minimum
slew rate of 0.2V/us. Slower signals cause excess hold step errors.

When switched from sample to hold, delay in response to the
hold command (aperture time and aperture time uncertainty)
can cause the frozen value of a fast moving waveform to differ
from the value it had at the instant the hold command is given.
However, the hold capacitor has.an additional lag due to the
30092 series resistor on the chip which cancels out some of the
error due to aperture time and aperture time uncertainty. -

For example, using an analog input of 20 voits p-p at 10kHz,
maximum slew rate 0.5V /us, with no phase delay and 80ns logic

'

delay, one could expect up to (0.08us) e (0.5V/us) = 40mV
error if the input is sampled during the maximum dv/dt
period. A positive going input would give a +40mV error.
Assume that the slew rate of the charging amplifier and the RC
constant of the analog loop cause a delay of 120ns. If the hold
capacitor sees this exact delay, then the analog delay would be
(0.5uV/sec)e(.12us) = —60mV. Total output error is +40mV
—60mV = —20mV. ’

For a sample and hold amplifier in a multiplexed A/D system,
acquisition and aperture times are critical parameters. In order
to maintain the acquired signal level within the specified
accuracy, these times must be considered when selecting the
sampling rate. For example, if a 16 channel MUX drives a
sample and hold amplifier in which each channel is 5KHz and
2 samples per cycle are needed to satisfy the Nyquist criteria,
the minimum sampling rate = 160000 samples/sec. ({(BKHz X
16) cycles/sec X 2 samples/cycle). The minimum channel
period is the reciprocal of the sampling rate of 6.25us. During
the hold mode the MUX can switch to another channel. This
eliminates the need to consider the MUX and source settling
time and shortens the channel period.

Calculating the sum of the sample and hold acquisition time,
aperture time and A/D conversion time is usually a convenient
method for estimating maximum channel period.

In multiplex applications, sample and hold feed-through is a
significant problem. Since each channel voltage differs, the
sample and hold input signal becomes a series of varied height
pulses that cause errors in the sample and hold voltage.

Digital feed through occurs when a fast rising logic signal is
coupled into the analog input. To minimize it, the logic signal

" trace in the PCB layout should be kept as far as possible from

the analog input. Guarded trace may also be used around the
input pin for shielding purposes. .

To adjust the DC offset zeroing, the wiper of a 1K potentio-
meter is connected to the offset adjust pin. One end of the
potentiometer is connected to VCC and the other is connected
through a resistor to ground. The value of the resistor is se-
lected such that the current flows through it at approximately
6mA.

Metallization and Pad Layout

OFFSET ADJUST 2

INPUT 3

8 LOGIC

7 LOGIC REF E

6 Cy

5 OUuTPUT

DIE SIZE: 0.051” X 0.070"
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APPLICATIONS (Cont.)
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FAST ACQUISITION, LOW DROOP SAMPLE AND HOLD " et

DEFINITION OF TERMS

Acquisition Time — The time required to acquire a new analog
input voltage with an output step of 10V. Note that acquisition
ti{ne is not just the time required for the output to settle, but
also includes the time required for all internal nodes to settle
so that the output assumes the proper value when switched to
the hold mode.

Aperture time — The delay between the command to hold and
the actual opening of the hold switch.

Aperture time uncertainty — The tolerance, or jitter of the
aperture time.

Droop rate — The rate of change of output voltage in the hold

mode. It is caused by leakage currents at the hold capacitor
node.

Feed-through — During hold, a small part of the input signal
feeds through the capacitor of the switch to the hold capacitor
and output. This is usually a function of the level and fre-
quency of the input signal and is expressed in dB.

Dynamic sampling error — The error introduced into the out-
puts due to input voltage varying when the -hold command is
issued. Error is expressed in mV with a given hold capacitor.

Gain error — The ratio of output voltage swing to input voltage
swing in the sample mode expressed as a percent difference.

Hold step — The voltage step at the output of the sample and
hold when switching from sample mode to hold mode with a
steady (DC) analog input voltage.
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Am6420

High Speed 12-Bit Accurate Sample-and-Hold
PRELIMINARY DATA

DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION
® Acquisition time 500ns (0.01%) The Am6420 is a monolithic sample-and-hold circuit con-
® Droop rate 20uV/us sisting of a gated high performance operational amplifier
® Aperture delay 2ns and an internal hold capacitor. The integrating connection
® Aperture uncertainty 200ps of the internal capacitor yields a constant hold-step error,
e Gain bandwidth 15MHz which is internally timmed to a minimum value.
® Slew rate 50V/us - X
When the Am6420 is in the sample (or track mode), it be-
: IS?":;’: :‘o lr:jold o:;?;rerror 0.2mv haves as an operational amplifier, and any of the standard
. go‘;ne ot i‘:‘ cap \andard op-amp configuration op-amp feedback networks may be connected around it to
N any s p-amp 9 control gain, frequency response, etc. When the device is
o 12-bit accuracy ) ) h .
h put into the hold mode, its output remains at its last level
o Low output impedance over frequency

before the hold signal. In many systems, the Am6420 may

replace both an amplifier and a sample-and-hold.

APPLICATIONS The Am6420 offers a number of improvements over other
® Precision data acquisition systems monolithic,‘hybrid, and discretee sample-and-hold circu}ts.
e Data distribution systems Accuracy is better than 2.01 Yo over'the full operatlgg
e Auto zeroing system te.nllperatureA range (0O 'to 70°C cor_nrr_lerqal, —55 to +12§ C
e Peak detector military), while dynamic characteristics include fast acquisi-

tion time, low droop rate, and a temperature compensated
- hold-step. High slew rate and bandwidth allow the device
to be used at gains greater than unity, thus eliminating the
need for a scaling amplifier.

BLOCK DIAGRAM ORDERING INFORMATION*
o U Part Package Temperature
e [7] —14] & contROL Number Type Range
Am6420DM Hermetic DIP —5510 125°C
wen [2] 13] supLy ano AmB420LM Leadless** —5510 125°C
G y 2] cuano Am6420DC Hermetic DIP 0t070°C
%ssg Am6420LC Leadless** 0to70°C
) E E ChoLp - - Am6420XC Dice 0to 70°C
*Also available with burn-in processing. To order, add suffix B
V- E 10| GUARD to the part number.
**Availability of Leadless packages will be announced.
soosT [ o] 9] v+
Vout E ——-—-ZI ANALOG GND
. 03929A-1

CONNECTION DIAGRAMS — Top Views

D-14-1 ) Leadless Chip-Pak
L-20-1
g
G I
‘ YR
Ny [ 1a [ ] 5/ conTROL M
IN(H [ 2 13 [7] SUPPLY GND
oreser | L3 12 [7] GuarD (5
ADIUST | [] « Am8420 41 7] Gyovp Koot |55
v-[s 10 | ] GUARD
BoosST [ 6 of Jv+
Vour (7 8 [ ] ANALOG GND

03929A-2

03929A-3
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Am6420

MAXIMUM RATINGS

Supply Voltage, V + to Supply GND : —0.5to +16.5V
V- to Supply GND . +0.5t0 —16.5V
Max Differential V+ to V— 33V
Differential Input Voltage 25V
S/H Control Voltage to Ground ’ -1to +6V
Output Current Short Circuit Protected
Operating Temperature Am6420DC 0t070°C
Storage Temperature ' . -65to +150°C
Lead Temperature (Soldering 60 Seconds) 300°C
Power Dissipation ' ’ 700mwW

ELECTRICAL CHARACTERISTICS V+ = +15V, V- = —15V, Tp = 25°C, unle

Parameters Description Test Conditions¥, Max Units
GAIN AND ACCURACY
Ag Voltage Gain Error 0.005 %
A Gain Non-Linearity ) 0.005 %
INPUT CHARACTERISTICS @,
RiN Input Resistance { 5 MQ
CiN Input Capacitance pF
los Input Offset Voltage C (On-Chip Trimmed) +0.2 mV
AVpg/At ' VIC
Ig TA=25°C 80 nA
Iam TMIN to Tmax 150 nA
Vem ) Vg = =15V =1 . \
TRANSFER CHAR S
GBW Gain Bafidwidth Product 13 MHz
BW Full Power Bandwidth 10Vp-p 1.2 MHz
AV/At Slew Rate 10Vp.p, CH = 50pF 50 Vius
CMmR Common Mode Rejection Rate Vem = 10V, 1kHz 80 dB
SAMPLE/HOLD CHARACTERISTICS: (T = 25°C)
taca Acquisition Time 500 ns
tap Aperture Delay Time 2 ns
tau Aperture Uncertainty ' . 200 ps
tHs Hold Settling Time 0.01% 30 ns
Droop Rate 25°C 20 uVips
Sample-to-Hold Offset Error, 25°C ' 02 mv
OUTPUT CHARACTERISTICS
Output Voltage * 161 \'
Output Current Can Be Externally Boosted +120 mA
Output Resistance 1 Q
Max Load Capacitance 50 pF
Supply Current +f§ mA
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Am6420

PIN DESCRIPTION

IN(-) The inverting input of the input amplifier.

IN(+) The noninverting input of the input amplifier.
Offset The offset adjust terminals of the input amplifier. A

Adjust small differential current into these pins can be
used to trim the Vg of the input amp.

S/H This pin controls the internal switch to make the

Control output either track the input (S/H low) or hold the
last value (S/H high).

Vout The output of the on-chip buffer amplifier.

CHoLD An external hold capacitor can be connected from

Vour to this pin to improve droop rate. The CHOLD
pin should be surrounded by a guard ring con-
nected to the guard pins.

Guard . These pins should be connected to the guard ring
around the CHoLp pin to prevent leakage. DO
NOT connect guard to ground or to Voyt as the
guard voltage is internally generated.

Boost An external resistor from this pin to the negative
power supply can be used to increase the current
sink capability of the output buffer.

Analog The output voltage is referenced to this pin; care

Ground should be taken to keep the ground free of noise.

Supply This ground pin should be connected to the sys-

Ground temground. -

v+ The positive power supply pin.

A\ The negative power supply pin.

APPLICATIONS INFORMATION

The Am6420 may be connected in an op-amp configuration
including voltage followers, inverting and noninverting
amplifiers, and active filters. Examples of these connections are
shown in Figures 1 through 4. These circuits are intended as
examples only and may be changed to meet the exact needs of
the system. '

The AmB420 input offset voltage is internally timmed to léss
than +£0.2mV; in most applications, this is an acceptable error
and the offset adjust pins 3 and 4 should be left open. If better
input offset is required, it can be adjusted using the circuit shown
in Figure 5. With both input grounded, connect a square wave to
the S/H control and adjust the potentiometer for 0 volts at the
output in hold mode.

The output sink capability of the Am6420 is nominally ~2maA;
this can be increased by connecting an external resistor from the
boost pin (pin 6) to the negative power supply (pin 5). Boost
current is calculated by:

Iboost = 1.2/Rpoost

Total output sink current should notbe more than 10mA, therefore
boost current should be limited to 8mA.

The internal hold capacitor (50pF) is optimized for fast acquisition
and minimum hold-step error. However, if improved droop rate is
desired, an external hold capacitor can be connected from Voyt
(pin 7) to CHoLp (pin 11). Acquisition time and droop rate are
directly and indirectly proportional, respectively, to hold capaci-
tance. For example, if an external 50pF capacitor were added, the
total hold capacitance would be doubled. This would double the
acquisition time and decrease the droop rate by 1/2. To maintain
stability, a capacitor must be added from CyoLp (pin 11) to

- ground; the value of this capacitor should be approximately 1/2 of

‘the value of the external hold capacitor (Figure 6), and should be
a low leakage type, such as a mica. The hold-step has been
trimmed for the internal capacitor; when an external capacutor is
used, offset adjustment may be needed to correct the hold-step.

LAYOUT CdNSIbERATIONS

In order to take advantage of full accuracy of the Am6420, care
should be taken to avoid system errors. One of the most com-
mon causes of errors in data acquisition systems is improper
grounding. High frequency digital circuits should not be con-
nected to the same ground trace as high accuracy analog cir-
cuits; separate ground paths should be provided for analog and
digital signals and connected together at only one point in the
system. The Am6420 provides two ground pins; all internal cir-
cuit grounds except the output amplifiers are connected to the
power supply ground. The output amplifier is connected to the
analog ground, which should also be used for output return.
Recommended ground connections are.shown in Figure 7.

To keep leakage current to a minimum and improve droop rate,
the CHoLp pin should be surrounded by a guard ring (Figure
8). This ring should be connected to pins 10 and 12 of the
Am6420 and must not be connected to ground or Voyr since
the guard voltage is internally generated and connected to the
guard pins.

The Am6420 provides excellent power rejection, however,
system performance may be enhanced by proper power supply
bypassing. A 0.1uF capacitor and a 10uF tantalum capacitor
should be connected from the power supply pins to the power
supply ground, as close to the pins as possible.

GLOSSARY OF TERMS

Acquisition Time: The time required for the hold capaéitor to
be charged to a full-scale value after the sample command
is given. )

Aperture Delay Time: The time elapsed between the sample
command and the actual opening of the switch.

Aperture Uncertainty: The variation in aperture delay time

from sample-to-sample.

Droop Rate: The rate at which the output voltage changes
while in the hold mode. Droop is caused by the capacitor being
discharged through the buffer ampiifier's input circuit.

Hold Settling Time: The time required for the buffer output to
settle within the specified accuracy band after the switch
is opened.

Sample-to-Hold Offset Error: The difference in output volt-
age between the time-to-hold command is given and the time the
output settles to its final value. Itis caused by charge injection
from the switch to the capacitor during the openlng of
the switch.
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Am6420

Figure 1. Am6420 in Unity Gain Sample-and-Hold Circuit Figure 2. Am6420 Connected as a Noninverting Amplifier

'78
v+ ' SH o = ANALOG
- CONTROL = GROUND
SH L ANALOG
conTroOL © = T [ O GROUND [
u| 112 o1 ) sl L |
CroLo
[of "~ (50pF)
) - (50pF)
®y
L_' I_] L_I ViN O—AAA— Vour
Vin Vour
év‘ 03929A-4
03929A-5

Figure 3. Am6420 in an Inverting Amplifier Configuration

_ V4 v+
S/H L ANALOG _
CONTROL - GROUND S/H o = ANALOG
A CONTROL IJ‘] rL‘ rL—I__o GROUND
14 | Bo1z " 0 9 8 ] [] I
ChoLp
D) L (50pF)
®
Vin Vour
Ay
Ry R Rz
GAN =- —% Ry =
R Ri+ s 03929A-6
Figure 5. Am6420 Vog Adjustment Circuit
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Am6420

OTHER ANALOG GROUNDS —/

OTHER DIGITAL GROUNDS

Figure 7. Data Acquisition System Grounding
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Operational Amplifiers — Section V
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LM108/208/308
LM108A/208A/308A

Operational Amplifiers

Description: The 108, 208, 308, 108A, 208A and 308A

~ monolithic operational amplifiers are functionally, elec-
trically and pin-for-pin equivalents to the National
LM108, LM208, LM308, LM108A, LM208A and LM308A.
They are available:in the hermetic TO-99 metal can,
dual-in-line, and flat packages.

Distinctive Characteristics: 100% reliability assurance
testing including high-temperature bake, temperature
cycling, centrifuge and fine leak hermeticity testing in
compliance with MIL STD 883.
Electrically tested and optically inspected dice for the
assemblers of hybrid products.

FUNCTIONAL DESCRIPTION

These differential input, precision amplifiers provide low input
current and offset voltage competitive with FET and chopper
stabilized amplifiers. They feature low power consumption
over a supply voltage range of 2V to +20V. The amplifiers
may be frequency compensated with a single external ca-
pacitor and are pin-for-pin interchangeable with the 101A/
201A/301A. The 108A, 208A, and 308A are high performance
selections from the 108/208/308 amplifier family.

FUNCTIONAL DIAGRAM
F [of ion Circuits

1 Y P

R,
2 Ry
INVERTING
INPUT

INVERTING

INPUT © Ry
OUTPUT - - oUTPUT
Ry

NON-(NVERTING
INPUT NON—III:I\;ET%TING

1
c,zco( T+ R )
L

C, = 30 pF

G

LIC-670

ORDERING INFORMATION*

Part Package Temperature Order
Number Type Range Number
Hermetic DIP 0to +70°C LM308D
TO-99 0to +70°C LM308H
LM308 Molded DIP Oto +70°C LM308N
Dice 0to +70°C LD308
Leadless 0to +70°C LM308L
Hermetic DIP 0to +70°C LM308AD
TO-99 Oto +70°C LM308AH
LM308A Molded DIP Oto +70°C LM308AN
Dice 0to +70°C LD308A
Leadless’ 0to +70°C LM308AL
Hermetic DIP ~-251to0 +85°C LM208D
LM208 TO-99 —25t0 +85°C LM208H
Leadless —25t0 +85°C LM208L
Hermetic DIP —251t0 +85°C LM208AD
LM208A TO-99 —25t0 +85°C LM208AH
Leadless —25t0 +85°C LM208AL
Hermetic DIP -55t0 +125°C LM108D
TO-99 -55t0 +125°C LM108H
LMm108 Dice -55t0 +125°C  LD108
Leadless —55to0 +125°C LM108L
Hermetic DIP —55t0 +125°C LM108AD
TO-99 —55t0 +125°C LM108AH
LM108A Dice —55to +125°C LD108A
Leadless -55t0 +125°C LM108AL

*Also available with burn-in processing. To order add suffix B
to part number.

CONNECTION DIAGRAMS — Top Views
Leadless Chip-Pak
L.-20-1

Molded Hermetic
Dual In-Line Dual In-Line
P-14-1 D-18-1

NC
COMP. A
GUARD|

INVERTING INPUTC]
NON-| lNVEHVlNG
INPUT

GUARD |:

v

F-10-1

e 0 comp A
Guare .2 . 9 comp e
3

vERT! .
WERRT O v
7
NON INVERTING
"NPUT ouTPUT

GuarD s s v~

INVERTING
INPUT

O OUTPUT -

y

NON- mvsnrmo <

Notes: 1. On Metal Can, - -
pin 4 is connected to case.
2. On DIP pin 7 is connected
1o bottom of package.
3. On Flat Package, pin 6 is

connected to bottom of package. LIC-674
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LM108/208/308 - LM108A/208A/308A
MAXIMUM' RATINGS

Supply Voltage
LM108, 208, 108A, 208A, +20V
LM308, 308A +18V
Internal Power Dissipation (Note 1) 500 mW
Differential Input Current (Note 2) +10 mA
Input Voltage (Note3) +15V
Output Short-Circuit Duration Indefinite

Operating Temperature Range
LM108, 108A
LM208, 208A
LM308, 308A

—55°C to +125°C
~25°C to +85°C
0°C to +70°C

Storage Temperature Range

—65°C to +150°C

Lead Temperature (Soldering, 60 sec.) 300°C
ELECTRICAL CHARACTERISTICS Ty = 25°C unless otherwise specified (see Note 4)
B - LM108 LM108A
LM308 LM308A LM208 LM208A
Parameters Test Conditions Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
Input Offset Voltage ' 20 | 75 03 | 05 07 | 20 03 | 05 | mV
Input Offset Current 02 | 1.0 02 | 1.0 0.05 | 0.2 00502 | nA
Input Bias Current 1.5 7 1.5 7 08 2.0 08 20 nA
Input Resistance 10 | 40 10 | 40 30 70 30 70 MO
Vg = =20V ' 03 | 06 03 | 06 | .
Supply Current mA
Vg = =15V 03, | 08 03 | 08
Vg = =15V
Large Signal Voltage Gain Vout = =10V 25 | 300 80 | 300 50 | 300 80 | 300 VimV
R = 10kQ
The Following Specifications Apply over the Operating Temperature Ranges
Input Offset Voltage 10 0.73 3.0 10 | mV
Input Offset Current 1.5 1.5 04 04 | nrA
Average Temperature
Coefficient of Input 60 | 3.0 1.0 | 50 30 | 15 1.0 | 50 [uvrC
Offset Voltage
Average Temperature
Coefficient of Input 2 10 20 | 10 05 | 25 05 | 25 |pArC
Offset Current ' )
Input Bias Current 10 10 3.0 30 | nA -
Vg = =15V
Large Signal Voltage Gain Vout = =10V 15 60 25 40 VimV
’ Ry = 10k
Input Voltage Range Vg = £15V +13.5 +13.5 +13.5 *13.5 \
Common Mode Rejection 8o | 100 9 | 110 85 | 100 96 | 110 B
Ratio
Supply Voltage Rejection 80 | 96 96 | 110 80 | 96 9% | 110 dB
Ratio .
Output Voltage Swing ‘éi - fgf{‘{ +13 | =14 +13 | *14 =13 | *14 13 | =14 v
Vg = 20V
7= TaMax 0.15 | 04 0.15 | 04
Supply Current v v mA
s==*
T= Tp Max 0.6 1.0 0.6 08
Notes: 1. Derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 75°C and the Dual In-Line package at 9mW/°C for

operation at ambient temperatures above 95°C.
2. The inputs are shunted with back-to-back diodes for overvoitage protection. Therefore, excessive current will flow if a differential input voltage
in excess of 1V is applied between the inputs unless some limiting resistance is used.
3. For supply voltages less than x 15V, the maximum input voltage is equal to the supply voltage.
4. Unless otherwise specified, these specifications apply for supply voltages from =5 to =20V for the 108, 208, 108A and 208A and from =5 to

+15V for the 308 and 308A.
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LM108/208/308 - LM108A/208A/308A

INPUT CURRENT-nA
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LM1 08/208/308 - LM108A/208A/308A

ADDITIONAL APPLICATION INFORMATION
GUARDING '

Extra care must be taken in the assembly of printed circuit boards to take fuli advantage of the low input
currents of the 108 amplifier. Boards must be thoroughly cleaned with TCE or alcohol and blown dry with
compressed air. After cleaning, the boards should be coated with epoxy or silicone rubber to prevent con-
tamination. . :

Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, particularly
since the Iinput pins are adjacent to.pins that are at supply potentials. This leakage can be significantly
reduced by using guarding to lower the voltage difference between the inputs and adjacent metal runs.
Input guarding of the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, with the leads of
the device formed so that the holes adjacent to the inputs are empty when it is inserted in the board. The
guard, which is a conductive ring surrounding the inputs, is connected to a low-impedance point that is ‘at
approximately the same voltage as the inputs. Leakage- currents from high-voltage pins are then absorbed
by the guard. . ' )

The pin configuration of the dual-in-line package is designed to facilitate guarding, since the pins
adjacent to the inputs are not used (this is different from the standard 741 and 101A pin configuration.)

\

OUTPUT‘.. 7
6

COMPENSATION

/\
1y

GUARD

BOTTOM VIEW

Board layout for Input Guarding
with TO-99 package.

APPLICATIONS
Connection of Input Guards

383 .
s A
QUTPUT . LM108 ouTPUT OouTPUT
INPUT + S
: E; Ry
Cy
= INPUT
INVERTING AMPLIFIER FOLLOWER NON-INVER;HNG AMPLIFIER
LIC-671 LIC-672 ) LIC-673
. NOTE: R/ R: .
*Use to compensate for large source resistances. R R Mustbe LOW impedance
METALLIZATION AND PAD LAYOUT

COMP“A” 1 ——————l [; 8 ComP“B”

164 /‘ 7 v+
INPUT (=) 2 —

[J— LL[X i ——— 6 OUTPUT
= Wt 4 qu J_
! =3

[ B o [

INPUT (+) 3 I 4 V-
DIE SIZE 0.046” X 0.068"
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| M118/218/318

High-Speed Operational Amplifier

Distinctive Characteristics
® The LM118/218/318 are functionally, electrically,
and pin-for-pin equivalent to the National

e Electrically tested and optically inspected dice for
hybrid manufacturers.

LM118/218_/318 e Available in metal can, hermetic dual-in-line, hermetic
o Slew rate:  70V/ps flat package or plastic minidip.
e Small signal bandwidth: 15MHz . )
e Internal frequency compensation
e Supply voltage range: 5V to +20V
FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM

The LM118/218/318 are internally compensated high-speed
operational amplifiers featuring minimum slew rate of
50Vius, low input bias currents, large input voltage range and
excellent performance over a wide range of supply voltages
and temperature. They have provision for increased speeds
when operating in the inverting mode.

V' v~ COMPENSATION
o 0 O

INVERTING INPUT O

O CUTPUT

NON:INVERTING INPUT O

o) o
BALANCE/COMPENSATION

*Also available with burn-in processing. To order add suffix B
to part number.

" LIC-692
TYPICAL APPLICATIONS CONNECTION DIAGRAMS — Top Views
Fast Sample and Hold Hermetic Molded
10F Dual In-Line Dual In-Line
s
e D-14-1 P-8-1
—AAA d L
c 1 14 NC
:c (= E] 13N BCAOLN}\PNéE/E 1 8[] come.c
COMP. A/BALANCE (] 3 12 [ come. ¢ INVERTING 2! +
INVERTING INPUT [T 113 vt NOMNVE:‘:::;E N :j Ve
NONANVERTING INPUT [} 13 outeur O [ ] outeur
Py, ——O OUTPUT v- g ‘g ‘COMP. B/BALANCE T COMP. 8/
INPUTO- Cone 7 8fdne v-[]4 S1JBALANCE
o Flat Package
F-10-1
1N914 10pF
NC 1 10 73 No
COMP. A/BALANCE ] 2 9~ comp. ¢
INVERTING INPUT [ sl vt
Lic-693 SAMPLE NON-INVERTING INPUT :‘:\:D_‘—,: outeut
v-s 6 =71 COMP. B/BALANCE
ORDERING INFORMATION®*
Part Pac Temp Order
Number Type Range _ Number Metal Can Leadless Chip-Pak
Metal Can 010 +70°C LM318H H-e-1 L-20-1
. Hermetic DIP Oto +70°C LM318D zg o
Flat Package 0to +70°C LM318F 1 1
Lm318 Molded DIP O0to +70°C LM318N 2 E- 2 % 2
Dice 0to +70°C LD318 comp.c
Leadless 0to +70°C LM318L N
O
Metal Can —25to +85°C LM218H COMP. A/BALANCE (Y OV
LM218 Hermetic DIP -251t0 +85°C LM218D0
Flat Pak —251to0 +85°C LM218F INVERTING b & oureur
Leadless -2510+85°C  LM218L nPUT r
Metal Can —55t0 +125°C LM118H NON-INVERTING Yy f come.
HermeticDIP  -5510+125°C  LM118D ! O—" B/BALANCE
LM118 Flat Package -55to +125°C LM118F v
Dice ~-55t0 +125°C LD118
Leadless -55to +125°C LM118L

Note: 1. On Metal Can, pin 4 is connected to case.

LIC-694
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LM118/218/318
MAXIMUM RATINGS

Supply Voltage +20V

Internal Power Dissipation (Note 1) 500mW
Differential Input Voltage (Note 2) 5V
Input Voltage (Note 3} ) ) : +15V,
Output Short-Circuit Duration ) Indefinite
Operating Temperature Range .
LM118 - : —55°Cto +125°C
LM218 » —25°C to +85°C
LM318 0°C to +70°C
Storage Temperature Range ‘ —65°C to +150°C
Lead Temperature (Soldering, 60 sec.) 300°C
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise specified) {Note 4) LM118
Parameter LM318 LM218
{see definitions) Conditions Min, Typ. Max. Min. Typ. Max. Units
Input Offset Voltage Rg < 5kQ 4 10 2 4 mv
Input Offset Current 30 200 6 50 nA
Input Bias Current 150 500 120 250 nA
Input Resistance 0.5 3 1.0 3 MQ
Supply Current Vs =+20V 5 10 5 8 mA
Large Signal Voltage Gain ;SL ;t;'?f\l’ «Vour =10V 25 200 ‘ 50 200 vimy
Slew Rate ’;\If o nvg: AR 50 70 0 70 . Vius
Small Signal Bandwidth Vg =$16V .15 15 MHz

The Following Specifications Apply Over The Operating Temperature Ranges

Input Offset Voltage Rg< 5ke - 15 ’ 6 mV
input Offset Current 300 ‘ 100 nA
Input Bias Current 750 . 500 nA
Large Signal Voltage Gain ;i ;t;fg;/ Vour =10V 20 25 VimVv
input Voltage Range : Vg =16V . 115 - 11,5 v
Common Mode Rejection Ratio Rs <5k 70 80 dB
Supply Voltage Rejection Ratio . Rg<5ka 65 70 dB
Output Voltage Swing Vg=+16V,R; =2kQ 12 +13 12 13 \
Supply Current : Vg =420V, Tp =125°C 7 mA

Notes: 1. Derate Metal Can package at 6.8 mw/‘c for operation at ambient temperatures above 75° C, the Dual-In-Line package at 9 mW/°C for operation
at ambient temperatures above 95°C, and the Flat Package at 5.4 mW/°C for operation at ambient temperatures above 57°C.
2. The inputs are shunted with diodes for overvoltage protection. To limit the current in the protection diodes, resistances of 2 k2 or greater should
be inserted in series with the input leads for differential input voltages greater than x5 V.
3. For supply voltages less than 15 V, the maximum input voltage is equal to the supply voltage.
4. Unless otherwise specified, these specifications apply. for supply voltages from +5 V 10 +20 V,
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LM118/218/318

VOLTAGE GAIN — dB

COMMON MODE REJECTION RATIO — dB

UNITY GAIN BANDWIDTH — MHz

INPUT CURRENT —nA |

Voltage Gain

116 | J
Toee |
TA=25°C | o Lo | ]
— Tp=-55°C
\ —
105 [—Y N
TA=T0C | rp=125°C
100
5
5 10 15 20

SUPPLY VOLTAGE — tV

Common Mode Rejection

Rs = 2k
Ta=25°C

120

100

80 \\
“ N

40

20

o
100 1k 10k 100k m™m 10M
FREQUENCY - Hz

Input Current
. LM118, LM218
200 I
150
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100 | BIAS
50
I
10 g
8
6 OFFSET.
. —
2}-vg = 15v
M
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Unity Gain Bandwidth
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INPUT CURRENT — nA QOUTPUT IMPEDANCE — £ SUPPLY REJECTION RATIO —d8B
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PERFORMANCE CURVES

Power Supply Rejection

100

o~
80 \rOSI IVE SUFPLY
60

NS
N A
N

40 7
NEGATIVE SUPPLY\/\
20

Tp=25°C
|

100 1k 10k 100k ™M oM
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Closed Loop
Output lmpedancye

3
109 Vg = w15y
Ta=25°C
102 |—A
Ay = 1000
10! v Wi

100 \ /]
/

10~ , P
0= Av=1//
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10 100 1k 10k
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100k 1M

Input Current — LM318
200
150 —— BIIA

100

50

40
30 OFFSET ||

20
10

0O 10 20 30 40 50 60 70

TEMPERATURE — °C

Voltage Follower

Slew Rate
95 |

90 [—POSITIVE SLE
|~

NEGATIVE SLEW

70 Fvg = +15v
R( = 2k
65 |-CL = 30pF
(Fig. 1)

Il

N

N
60
—65-35-15 5 25 45 65 85 105125
TEMPERATURE — °C

OUTPUT VOLTAGE — V

NOISE - nV/Hz

OUTPUT SWING — +V

SUPPLY CURRENT —~ mA

Input Noise Voltage

3000

[Ta=25C
1000
300
100 \ L Rs = 100kQ
T
30 1541
> = 10092, Rg = 1k§2|
10—
r
3
10 100 1k 10k 100k
FREQUENCY — Hz
Current Limiting
14 T
Vg = +16V
12 =
10 [——71a=125°C 1
8 T
TA=70°C v
6 .
4 Ta=25°C
, |
0
0 5 10 15 20 25
OUTPUT CURRENT — mA
-‘Supply Current
T T
Ta=0C
Ta=-55°C AL
‘ |
— I
5.0 7
/ Ta=25°C =
Ta=70°C
s /r/f
P Ta=125°C
P
7
4.0
5 10 15 .20
SUPPLY VO!..TAGE -V
Inverter Settling Time
15 5v 1 T TTIT |
soc  100mv 10mv ||| 1mv
10
\/ i
5
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NN
-5 \> 7
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15 111
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LIC-695
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LM118/218/318

GAIN —dB

OUTPUT SWING — V

OUTPUT SWING -V

Open Loop
Frequency Response

120 ’ T o
100 _"\\ \Tliz?ssg -30

\QAIN
80 N -60
60 - \\ -T ~90
40 - &NSE— -120
20 g ~150
0 — N -180
N o

-21
10 100 1k 10k 100k 1M 10M 100M
FREQUENCY — Hz

Large Signal
Frequency Response.

—
1] Ta=25°C
Vg = 215V |

10 \\
bl

!
6
4

\

2 S L
0 | J"‘
05M IM 2M  5M 10M 20M 50M

FREQUENCY — Hz

Large Signal Frequency
Response with Feedforward

1 TTITIT

P Ta=25C
2 Vg =15V
0 (Fig. 3
8
sl
4 T

FEEDFORWARD
2 el
N

]

™ aum 10M  30M  100M

FREQUENCY — Hz

PHASE — DEGREES

PERFORMANCE CURVES

Closed Loop
Frequency Response

100
80 |—-
N
60
3
; N
z
<
Q
20
ol Ys=tv | A
TaA=25"C \
—20 ] \
10 100 1k 10k 100k 1M 10M 100M
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Voltage Follower
Pulse Response
16
12 il
T e -
@ 4 \ INPUT
z
Z \ ™ l ouTPUT |
[+]
-4
5 g = +15V
S g Ta=25°C
- RL = 2kQ
12 v C( = 30pF ]
(Fig. 1)
-16 1
-020 04 08 12 16
TIME — ps

Inverter Pulse
Response without Feedforward

VOLTAGE SWING -V

16 T T
oUTPUT
12 vl
R e o
-
& \ INPUT 1 [ug=tsy
w Ta=25°C
g \ N R
? | N/ R =2
5 [cL=3ch
5 e (Fig.2)
™ i
~16
020 04 08 12 16
TIME — s

Effect of Capacitive
Loading on Closed Loop
Frequency Response

—
Cy = 100pF

GAIN — dB

FREQUENCY — Hz

Voltage Follower

The high gain and large bandwidth of the LM118 make it
mandatory to observe the following precautions in using the
device, as is the case with any high-frequency amplifier. Cir-
. cuit layout should be arranged to keep all lead lengths as
short as possible and the output separated from the inputs.
The values of the feedback and source impedances should be
kept small to reduce the effect of stray capacitance at the in-
puts. The power supplies must be bypassed to ground at the
supply leads of the amplifier with low inductance capacitors.
Capacitive loading must be kept to minimum, or the amplifier

must be isolated as shown in the applications.

Pulse Response Over Temperature
. L]
12 —
—\ | - ]
>| 8 Ta=125°C
2 el egle
= \ AT T
NS y
w
g \ /
-
B \ Vg = 15V
S R =22 |
RPN Cy = 30pF
12 A (Fig. 1) -
—-16
020 04 08 12 16
TIME - s
Inverter Pulse
Response with Feedforward
16
12
Dy
" ’ Ta=25°C_|
] Vg =16V
0 A frze
= 30pF
” l (Fig.3) |
-8
- -
—12
—16
-020 04 08 12 16
TIME ~ s
LIC-696




LM118/218/318

Voltage Follower

APPLICATIONS

(Slew Rate Test Circuit) Inverter
50pF
5k
1} A
5k
VY
WA wa
INPUT O——AAA—4
ouTPUT
OUTPUT
INPUT O *6 300F Zl;J/L‘S§7I‘:/EIGHT=2|0V 25k x0 30pF
PULSE HEIGHT = £10V I AT IS MEASURED I
PULSE WIDTH = 1us
RISE TIME = 10ns — — = -
LIC-697 Figure 1 Figure 2 Lic-698
Inverter with Feedforward Compensation for
Compensation for Higher Slew Rate Minimum Settling Time
5k B
AAA
) VW 10pF
30 1}
ir
5k
INPUT O—AAA—4
b——O OUTPUT
é——0 oUTPUT
25kQ
BALANCE
LIC-699 = Figure 3 ) = Figure 4 LIC-700
Isolating Large
Offset Nulling Capacitive Loads Over Compensation
R2
A —O OUTPUT
e Ra J_
Ry
INPUT O OUTPUT
R3
LIC-701 Figure 5 = Figure 6 LIC-702 Figure 7 LIC-703
T
D/A Converter D/A Converter
with Ladder Network with Binary Network
SpF 5[‘1‘
1L r
ir Re
R VWA~
AN
5k 5k 5k
10k 1060 10682 $——O0uTPUT 40k 20402 10k LM18 ——O OUTPUT
+
B 8
FROM SWITCHES 5k I 0.1uF FROM SWITCHES 1— O.1uF
- v+ = v+ :
: . LIC-705
Lic-7o4 Figure 8 .
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LM118/218/318

ADDITIONAL APPLICATIONS
High Speed Summing Amplifier
with Low Input Bias Currents Wien Bridge Oscillator
ks . e 7:031'1
INPUT O——AAA- _LOO?uF —MA $—O OUTPUT A oouTRUT
Rz
20k
1% 1000pF
u-@

L1—10V—14mA

bulb ELDEMA 1869

R1 =Ry

cl1=Cy

) P
v 27R1C1
Figure 10 : Figure 11
LIC-706 uc-707
Metalization and Pad Layout
v+ 7 6 OUTPUT
— —
COMPC 8 —
BAL/COMPA 1. — 3 — 5 BAL/COMPB
INPUT- 2 — — 4 v-
INPUT+ 3 _ 1
/
DIE SIZE: 0.065" X 0.087"
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LM148

Quad 741 Operational Amplifiers

Distinctive Characteristics

741 op amp operating characteristics

Low supply current drain — 0.6mA/amplifier
Class AB output stage — no crossover distortion
Pin compatible with the LM124

Low input offset voltage — 1.0mV

Low input offset current — 4.0nA

® | ow input bias current — 30nA
® Gain bandwidth product
LM148 (unity gain) — 1.0MHz

Overload protection for inputs and outputs

FUNCTIONAL DESCRIPTION

The LM 148 is a true quad 741. It consists of four
independent, high gain, internally compensated, low-power

operational amplifiers which have been designed to provide .

functional characteristics identical to those of the familiar
741 operational amplifier. In addition the total supply current
for all four amplifiers is comparable to the supply current of a
single 741 type op amp. Other features include input offset
currents and input bias current which are much less than those

of a standard 741. Also, excellent isolation between amplifiers
has been achieved by independently biasing each amplifier and
using layout techniques which minimize thermal coupling.

The Am148 can be used anywhere multiple 741 or 1558 type
amplifiers are being used and in applications where amplifier
matching or high packing density is required.

SCHEMATIC DIAGRAM (Each Amplifier)

r‘o *Vee

>
S 250

I...,l 7

——O0 ouT

g 250

>
I AAA l
VV\—

A3

1.0k

VW

AN

100k

B
< 75kQ < s
:> 340
0 Ve LIc-712
ORDERING INFORMATION* CONNECTION DIAGRAMS — Top Views
Part Package Temperature Order Hermetic and Molded DIP Leadless Chip-Pak
Number Type Range Number P-14-1, D-14-1 L-20-1
Hermetic DIP 0to +70°C LM348D e\ " FEE R
LMa4s Molded DIP 010 +70°C LM348N bl B MY H Y
Dice Oto +70°C .LD348 N1 [ ma- Poromoe
Leadless 0to +70°C LM318L wit [ q (et - "
3 12 w315 NC
LM248 Hermetic DIP —-2510 +85°C LM248D vt 4 nv- wyle v-
Leadless —25t0 +85°C LM248L w2 [ 10 L__I N3t ] w
Hermetic DIP -55to +125°C LM148D w2 ] ins- wa L1 b
LM148 Dice -55t0 +125°C LD148 or2 ] ° ° oura 2
Leadless -55t0 +125°C LM148L 7 8 A § A 5 A
z z

*Also available with burn-in processing. To order add suffix B to part
number.

Note: Pin 1is marked for orientation.

High degree of isolation between amplifiers — 120dB

LIC-713
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LM148
ABSOLUTE MAXIMUM RATINGS -

LM148 LM248 LM348
Supply Voltage 122v 18V 18V .
Differential Input Voltage 144V 136V 36V
Input Voltage 122V 18V 18V
Qutput Short Circuit Duration (Note 1) Continuous. Continuous Continuous
Power Dissipation (Pg at 25°C) and Thermal
Resistance {0jA), (Note 2) . :
Molded DIP (N) — Pq 570mW 500mwW
= 0iA 150°C/W 150°C/W
Cavity DIP (D) (J) — Pg 900mwW 900mW 900mW
- 0ja 100°C/W 100°C/W 100°C/W
Maximum Junction Temperature (Tjmax.) 150°C 110°C 100°C
Operating Temperature Range . —55°C<Tp <+125°C —25°C< TA<+85°C 0°C<TA<+70°C
Storage Temperature Range —65°C to +150°C —65°C to +150°C —65°C to +150°C
Lead Temperature (Soldering, 60 seconds) 300°C ) 300°C 300°C
ELECTRICAL CHARACTERISTICS (Note 3)
LM148 LM248 LM348
Parameters Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max Units
Input Offset Voltage Ta=25C, Rg < 10k 1.0 5.0 1.0 6.0 1.0 6.0 mVv
Input Offset Current Ta = 25°C 4.0 25 4.0 50 4.0 50 nA
Input Bias Current Ta=25°C 30 100 . 30 200 30 200 nA
Input Resistance Ta=25C 0.8 25 0.8 25 08 25 MQ
Supply Current All _ _
Amplifiers TA =25°C, Vg = 15V 2.4 3.6 2.4 4.5 24 4.5 mA
. . TA =25°C, Vg = +16V
L Si | Vol G
arge Signal Voltage Gain VouT = 10V, RL > 2.0kQ2 50 160 25 160 25 160 VimV
Amplifier to Amplifier TA =25°C, f = 1.0Hz to 20kHz -120 -120 -120 dB
Coupling (Input Referred)
Small Signal Bandwidth TA = 25°C | Am148 Series 1.0 1.0 1.0 MHz
. N Am148 Series
Phase Margin Ta =25C (Ay=1) 60 60 60 degrees
Am148 Series
Slew Rate TA =25C (Ay=1) 0.5 0.5 0.5 Vlius
8utput Short Circuit Ta= 25°C 25 25 25 mA
urrent
Input Offset Voltage Rg < 10kQ 6.0 75 7.5 mV
Input Offset Current 75 125 100 nA
Input Bias Current 325 500 400 nA
X . Vg =15V, VoyT = 10V,
|
Large Signal Voltage Gain Ry > 2.0k0 25 15 15 V/imv
= + * + 13
Output Voltage Swing Vg =+15V Rt = 10k 12 13 12 $13 12 * v
RL = 2.0kQ +£10 +12 =10 +12 +10 +12
Input Voltage Range Vg = +15V +12 12 12
g‘;:’:‘“'mde Reection | 2o < 10ka 70 | 90 70 90 70 | 90 dB
Supply Voltage Rejection Rg < 10k 77 96 77 96 77 96 dB

Notes: 1.
maximum junction temperature will be exceeded.

Any of the amplifier outputs can be shorted to ground indéﬁnitely; however, more than one should not be simultaneously shorted as the

2. The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Timax» 6ja, and the ambient
temperature, Ta. The maximum available power dissipation at any temperature is Py = (Timax — TA)/6ja or the 25°C Pymay, whichever is
less. Derate Dual In-Line package at 9mW/j’C for operation at ambient temperatures above 95°C, plastic 6.8mV/°C above 75°C, leadless

10mW/°C above 100°C.

3. These specifications apply for Vg = =15V and over the absolute maximum operating temperature range (T < Ta < TH) unless otherwise

noted.

4. For supply voltages less than +15V, the maximum input voltage is equal to the supply voltage.

>
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L F155/LF156

Monolithic JFET Input Operational Amplifiers

GENERAL DESCRIPTION

These are the first monolithic JFET input operational ampli-
fiers to incorporate well matched, high voltage JFETs on the
same chip with standard bipolar transistors. These amplifiers
feature low input bias and offset currents, low offset voltage
and offset voltage drift, coupled with offset adjust which does

" not degrade drift or common-mode rejection. The devices are

also designed for high slew rate, wide bandwidth, extremely
fast settling time, low voltage and current noise and a low
1/f noise corner.

The LF155, LF156 series are direct replacements for
National LF155, LF156 series.

APPLICATIONS

Precision high speed integrators

Fast D/A and A/D converters

High impedance buffers

Wideband, low noise, low drift amplifiers
Logarithmic amplifiers

Photocell amplifiers

Sample and Hold circuits

DISTINCTIVE CHARACTERISTICS
® Replace expensive hybrid and module FET op amps
® Rugged JFETs allow blow-out free handling compared with
MOSFET input devices
® Excellent for low noise applications using either high or low
source impedance — very low 1/f corner ,
o Offset adjust does not degrade drift or common-mode rejec-
tion as in most monolithic amplifiers
® |Internal compensation and large differential input voltage
capability
COMMON FEATURES
(LF155A, LF156A)
Low input bias current 30pA
Low input offset current 3.0pA
High input impedance 101202
Low input offset voltage 1.0mV
Low input offset voltage temperature drift 3.0uv/C
Low input noise current 0.01pA/VHZ
High common-mode rejection ratio 100dB
Large dc voltage gain 106dB
UNCOMMON FEATURES
LF155A LF156A Units
Extremely
fast settling 4.0 1.5 us
time to 0.01%
Fast slew
rate 5.0 12 V/us
Wide gain
bandwidth 25, 50 MHz
Low input —
noise voltage 20 12 nV/VHz
CONNECTION DIAGRAM
Top View
Metal Can
. H-8-1
NC
Lol
. BALANC‘
INPUT } Q ouTPuT
INPUT ALANCE
V4
Note: 1. Pin 4 is connected to case.
LIC-714

ORDERING INFORMATION *

Part Package Temperature Order
Number Type Range Number
- Metal Can 0°C to +70°C LF355H
LF355 Dice 0°C to +70°C LD355
LF255 Metal Can  —25°C to +85°C  LF255H
Metal Can  —55°Cto +1256°C  LF155H
LF155 Dice —55°C to +125°C_ LD155
Metal Can 0°C to +70°C LF355AH
LF355A Dice 0°Cto+70°C  LD35BA
Metal Can'  —55°Cto +125°C . LF155AH
LF155A Dice —B5°C to +125°C  LD156A
Metal Can 0°C to +70°C LF356H
LF356 Dice 0°C10+70°C  LD356
LF256 Metal Can —25°C to +85°C  LF256H
LF156 Metal Can. —55°Cto +125°C  LF156H
Dice —55°C to +125°C  LD156
Metal Can 0°C to +70°C LF356AH
LF356A Dice 0°Cto +70°C . LD356A
Metal Can  —55°Cto +125°C  LF156AH
LF156A Dice _BE°Cto +125°C  LD156A

*Also available with burn-in processing. To order, add suffix B to
part number.
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LF155/LF156

' SIMPLIFIED SCHEMATIC
q) 0 Ve
BALANCE
—
‘lj_o 1 5 slz
2
' £ . 50 o
I3 X AV out
—| »—n-l_ 6
D ® ® @ i
: 4
¢ ¢ —O -Vge
U821
DETAILED SCHEMATIC
70 *Vee
Q
B
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q
10pF 5 1.
Jg ,__1 D, L
l— . Ry
Q5 ¢ ¢ ‘zvs‘?‘ Soout
f - 2 ___I g o
J) v
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Q; Ay By Qg {-‘9 Q1o
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LF155/LF156
ABSOLUTE MAXIMUM RATINGS

LF355A/6A
LF155A/6A LF155/6 LF355/6
Supply Voltage 122V +22V 22V 18V
Power Dissipation (Note 1) TO-99 (H Package) 670mwW 670mwW 570mW 500mW
Operating Temperature Range —-55°Cto +125°C  —55°Cto +125°C —25°C 10 +85°C 0°C to +70°C
TJ(Max.) 150°C 150°C 115°C 100°C
Differential Input Voltage 140V 40V 40V 130V
Input Voltage Range (Note 2) 120V +20V 120V 16V
Output Short Circuit Duration Continous Continuous Continuous Continuous
Storage Temperature Range - —65°Cto +150°C  —65°Cto +150°C  —65°C 1o +160°C  —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C 300°C
A}
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Note 3)
DC CHARACTERISTICS '
} LF155A/6A LF355A/6A
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Offset Vol Rg =50Q, T = 25°C 1.0 | 20 1.0 | 20 mv
Vos tnput set Voltage Over Temperature 2.5 23, mV
AV(Qg/AT Average TC of Input Offset Voltage Rg = 50 3.0 3.0 uv/re
ATC/AVQos Change in Average TC with Vog Adjust Rs = 5082, (Note 4) 0.5 0.5 :)‘;:/r:l(\:/
Ty =25°C, (Note 3, 5) 3.0 10 3.0 10 pA
los Input Offset Current Ty < THIGH 0 o A
. Ty=25°C, (Notes.3, 5) 30 50 30 50 pA
Ig Input Bias Current :
T4 <THIGH 25 5.0 nA
RN Input Resistance Ty=25C ‘| 1012 1012 Q
v ] Vg =15V, Tp = 25°C 50 | 200 50 | 200 VimV
A i i = =
VoL Large Signal Voltage Gain Vo = +10V, Ry_ = 2kQ 25 25 Vimv
Over Temperature
Vo Output Voltage Swing Vg = +156V, R|_= 10k2 £13 112 13 Volts
Vg = +15V, R|_ = 2kQ + +12 +10 | +12 Volts
Vem Input Common-Mode Voltage Range Vg = +15V 11 +115; £11 +1?'21 Volts
CMRR Common-Mode Rejection Ratio 85 100 85 100 dB
PSRR Supply Voltage Rejection Ratio {Note 6) 85 100 85 100 dB
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
AC CHARACTERISTICS (Tp = +25°C, Vg = =15V)
' LF155A/355A LF156A/356A
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
SR Slew Rate LF155A/6A: Ay =1, 3.0 5.0 10 12 Vius
GBW Gain-Bandwidth Product 25 4.0 45 MHz
ts Settling Time to 0.01% (Note 7) 4.0 15 us
o Rs = 100Q, f = 100Hz 25 15
en Equivalent Input Noise Voltage nV//Hz
f = 1000Hz 20 12
f = 100Hz 0.01 0.01
in Equivalent Input Noise Current pA//Hz
f = 1000Hz 0.01 0.01
Cin Input Capacitance 3.0 3.0 pF
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LF155/LF156
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

DC CHARACTERISTICS (Note 3)

LF155/6 LF255/6 LF355/6
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
Vos Input Offset Voltage Rg = 5092, TA = 25°C 3.0 5.0 3.0 5.0 3.0 10 mv
Over Temperature 7.0 6.5 13 mvV
Average TC of Input -
AV T = K X X c
Qs/A Offset Voltage Rg = 500 5.0 5.0 5.0 uvre
Change in Average TC _ y uVvree
ATC/AVOs | Vos Adiust Rs = 508, (Note 4) 0.5 05 0.5 per mV
Yy
los Input Offset Current Tj=25°C, (Notes 3, 5) 3.0 20 3.0 20 3.0 50 pA
Ty <THIGH 20 1.0 2.0 nA
. Ty = 25°C, (Notes 3, 5) 30 | 100 30 | 100 30 | 200 PA
Ig Input Bias Current
Ty < THIGH - | 50 5.0 ] 8.0 nA
RN Input Resistance Ty=25°C 1012 1012 1012 . Q
Vg= 18V, Ta = 25°C 50 200 50 200 25 200
" ; - = \%
AvgL Large Signal Voltage Gain | Vg = +10V, R = 2k 2% . - 15 Vim
Over Temperature
. Vg =t15V, R = 10kQ 12 +13 +12 +13 12 13
Y Vo!
o Output Voltege Swing 1 — v T2ka | =10 | 12 110 | €12 110 | 112 olts
Input Common-Mode . _ +15.1 +15.1 +15.1
Vem Voltage Range . Vg =15V 11 - 12 =11 12 11 12 Volts
cMRR | Commen-Mode Rejection 85 | 100 85 | 100 go | 100 @8
Ratio
PSRR SR“;;‘;'V Voltage Rejection | (11 6) 85 | 100 | 85 | 100 go | 100 8
DC CHARACTERISTICS (Tp = 25°C, Vg = +15V)
' LF155A/355A : LF156A ‘
LF155/255 LF355 o LF156/256 LF356A/356
Parameters ) Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units
Supply Current [ 20 T 40 | 20 | 40 | 50 | 70 | 50 | 10 | ma |
AC CHARACTERISTICS (Tp = +25°C, Vg = =15V)
' LF155/255/ . LF156/256/
LF355 LF156/256 LF356 )
Parameters Description Test Conditions T Typ. Min. ' " Typ. " Units
LF155/6: Ay =1,
SR Slew Rate LF187: Ay = & 5.0 75 L12 Vius
GBW Gain-Bandwidth Product 25 5.0 MHz
ts - Settling Time to 0.01% . (Note 7) 4.0 1.5 us
) o Rs = 1000, f = 100Hz 25 15
en Equivalent Input Noise Voltage nv//Hz
f = 1000Hz 20 . 12
. ) - f = 100Hz 0.01 0.01
in : Equivalent Input Noise Current pAl/Hz
f= 1000Hz 0.01 0.01
Cin Input Capacitance 3.0 ' 3.0 pF

lotes: 1. The TO-99 package must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case; for the DIP
package, the device must be derated based on thermal resistance of 175°C/W junction to ambient. .

. Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage

. These specifications apply for =15V < Vg'< 220V, -55°C < Tp =< +125°C and TyigH = +125°C unless otherwise stated for the
LF155A/6A and the LF155/6. For the LF255/6, these specifications apply for =15V < Vg < *20V, -25°C < Tp < +85°C and THIGH =
85°C unless otherwise stated. For the LF355A/6A, these specifications apply for =15V < Vg < *20V, 0°C < Tp =< +70°C and THiGH =
+70°C, and for the LF355/6 these specifications apply for Vg = =15V and 0°C < Ta = +70°C. Vpg, | and lpg are measured at Vgyy = 0.

4. The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5uV/°C typically) for each mV of adjustment
from its original unadjusted value. Common-mode rejection and open oop voltage gain are also unaffected by offset adjustment.

5. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due
to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction
temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj = Ta + 6;aPd where ja is the thermal
resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum.

6. Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common
practice.

7. Settling time is defined here, for a unity gain inverter connection using 2k} resistors for the LF155/6. It is the time required for the error
voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from ths time a 10V step input is
applied to the inverter.

wnN
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LF155/LF156

TYPICAL DC PERFORMANCE CHARACTERISTICS
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LF155/LF156

GAIN BANDWIDTH — MHz

OQUTPUT VOLTAGE SWING FROM OV - V

TYPICAL AC PERFORMANCE CHARACTERISTICS
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LF155/LF156

GAIN - dB

TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont.)
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LF155/LF156

APPLICATION HINTS

The LF155/6 series are op amps with JFET input devices.
These JFETs have large reverse breakdown voltages from gate
to source and drain eliminating the need for clamps across the
inputs. Therefore large differential input voltages can easily
be accomodated without a large increase in input current. The
maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages should
be allowed to exceed the negative supply as this will cause
large currents to flow which can result in a destroyed unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force the
amplifier output to the corresponding high or low state. Ex-
ceeding the negative common-mode limit on both inputs will
force the amplifier output to a high state. In neither case
does a latch occur since raising the input back wi