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COMPANY HISTORY

DATEL is a multinational company which was founded in 1970, and is located approximately 35
miles from Boston in Mansfield, Massachusetts. Our modern 180,000 square-foot facility houses
our administrative offices, components and sub-systems engineering groups, modular and sub-
systems production facilities, and the most modern thin-film and thick-film hybrid production facility
in the industry. DATEL'’s hybrid manufacturing operation is a fully certified MIL-STD-1772 facility,
supporting our high quality standards.

Our worldwide sales network extends to every major data acquisition product marketplace. And,
the people who implement this sales network are skilled professionals dedicated to providing our
customers with the highest possible standards of data acquisition products available today.

PRODUCT INFORMATION

DATEL offers one of the industry’s broadest product lines, meeting the rapidly growing need for
data acquisition components and sub-systems to interface with computers in industrial, commer-
cial, scientific and military applications. These products employ five basic technologies: monolithic
CMOS, monolithic bipolar, thin-film hybrid, thick-film hybrid and discrete component circuits. Many
products employ a combination of these technologies to achieve higher levels of performance and
complexity. The present product lines include: data converters, sample-hold amplifiers, analog
multiplexers, amplifiers, data acquisition sub-systems, computer analog I/O boards, process moni-
tor/controllers, digital panel meters, thermal printers, digital calibrators and power supplies.

ABOUT THIS CATALOG

This comprehensive catalog includes detailed data sheets on DATEL’s complete product line.
Products are categorized by function and organized into QUICK SELECTION CHARTS at the
beginning of each section for your convenience.

Further details and applications information may be obtained by returning the enclosed reply card.
For immediate attention, contact the nearest DATEL sales office.

DATEL application engineers are always available to answer any questions that may arise con-
cerning the application of our products.
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Analog-to-
Digital
Converters
ADC-207
ADC-208
ADC-300
ADC-301/302
ADC-303
ADC-304
ADC-310
ADC-500/505
ADC-508
ADC-510/515
ADC-5101
ADC-511
ADC-520/521
ADC-5210
ADC-7109
ADC-800
ADC-810/811
ADC-815/825
ADC-816/826
ADC-817/827
ADC-830
ADC-847 A/B
ADC-856
ADC-868
ADC-881
ADC-974
ADC-B301
ADC-B302
\DC-B303
\DC-B304
\DC-B310
\DC-B500/B505
\DC-EH10B
\DC-EH12B1,2
DC-EH12B3
DC-EH8B
DC-EK
DC-ET
DC-HC12
DC-HS12
DC-HX/HZ
DS-105/106
DS-111
DS-115/116
DS-125/126
DS-21
DS-22
)C-574/674
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Digital-to-
Analog
Converters

DAC-08
DAC-0805
DAC-330
DAC-562
DAC-608
DAC-7134
DAC-7523
DAC-8308/8318
DAC-HF
DAC-HK
DAC-HP
DAC-HZ12B
DAC-IC10
DAC-IC8
DAC-UP10
DAC-UP8

Sample/Hold
Amplifiers

SHM-20
SHM-360/361
SHM-40
SHM-45
SHM-4860
SHM-5
SHM-6
SHM-7
SHM-9
SHM-91
SHM-HU
SHM-IC-1
SHM-LM2
SHM-UH

Amplifiers

AM-1435
AM-227
AM-427
AM-430
AM-453-2
AM-460/450
AM-464
AM-500
AM-542/543
AM-551
AM-7650
SCM-100/101
SCM-102/103
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Analog
Multiplexers

MV Series
MX Series
MX-818/1616

Active Filters

FLJ-ACO1
FLJ-ACR1
FLJ-D1,D2,DC
FLJ-D5,D6
FLJ-R

FLJ-UR
FLJ-VL,VH,VB
FLT-U2
ROJ-20,1K

Data
Acquisition
Subsystems

DAS-952
HDAS-16/8
MDAS-16/8D
MDAS-940
SDAS-8

Voltage-to-
Frequency
Converters

VFQ-1,2,3

Power
Products

Power Supplies
VI-7660
VR-182

Instrument
Products

APP-20A1
APP-20A21
APP-20A3
APP-48A1
APP-48A2
APP-48A3
APP-M20
APP-M48
APP-TR1,2,5
DPP-Q7
MPP-20A
DBM-20
DM-31
DM-3100B/3104
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8-1

9-2
9-27
9-33

10-5

10-8

10-12
10-15
10-18
10-22
10-26
10-28
10-30
10-32
10-36
10-47
10-49
10-51

|
!
\
|
J
|
!
1
)
|
r
r
|
r
|
!
|

Instrument
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DM-3100L/3103
DM-3100MIL
DM-3100N/3101
DM-3100U1
DM-3100U2/U3
DM-3100X
DM-3102A/B
DM-4100D
DM-4101D
DM-4101L
DM-4101N
DM-4102/3/6
DM-4104
DM-4105
DM-4200
DM-500
DM-9000
DM-LX3

PC-6

PM-5050
PM-5060
PM-5070
PM-5080
DVC-350A
DVC-8500

Data
Acquisition
Boards

DVME-601
DVME-602R
DVME-602T
DVME-611/612
DVME-624
DVME-626
DVME-628
DVME-641
DVME-643
DVME-645
DVME-660
DVME-691
DVME-Util
ST-519
ST-701
ST-702
ST-702R
ST-703
ST-705
ST-711/732
ST-716
ST-724
ST-728
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NEW PRODUCTS FROM DATEL

DVME-601
16S or 8D-Channel 68010-based
VME A/D Coprocessor Board

Local 8 MHz:68010 CPU Plus:

- 64 Kb Private RAM

- 64/128 Kb EPROM

- 64 Kb Dual-ported RAM

A/D choices 12 to 16 bits, down to 2 uSec.

16 Single-ended or 8 differential analog input channels
Simultaneous A/D scanning. Ideal for DSP, FFT, ATE, and
graphics.

Monitor/Executive firmware to run in "no program mode" or
from user programs

Peripheral 68901 1/O:

- RS-232 serial port

- 3 timer/counters, 5 I/O bits

Sample-to-memory transfers at up to 250 KHz

Easy interrupt intergration with VERSAdos, PDOS, OS-9, etc.
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DC-DC Converters

More than 60 new DC-DC converters have been add-
ed to the Product Line which include these features: .
« Efficiency up to 80% | 8PM-15/150-D8
« 2-1input voltage ranges

* Miniature size

» Single, dual, and triple outputs

ADS-115/116
10-Bit, 1 MHz
Sampling A/D Converters

» 10-Bit resolution

* 1 MHz throughput

« 15 M ohm input impedance

* Includes fast Sample/Hold amplifier

« 3-state output TTL and CMOS compatible

ADC-520,521
12-Bit, Ultra-fast
Low-power A/D converter

12-Bit resolution

800 nanosecond maximum conversion time
Pin-programmable input ranges

Internal high impedance buffer

Low 1.6 watts power consumption
Three-state output buffers

Small 32-pin DIP

e o o o o o o

SHM-30C
Very high speed, precision Sample/Hold amplifier

* 500 nSec. acquisition time to 0.01%
¢ 0.01uV/uSec droop rate

* 90V/uSec slew rate

» Internal hold capacitor
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NEW PRODUCTS FROM DATEL

ADC-511
12-Bit, High-Speed,
Low Power A/D Converter

» 1.0 Microsecond maximum conversion time
+ Low-power, 925 milliwatts

+ Three-state output buffers

» Functionally complete

+ Small 24-pin DIP

ADS-111
12-Bit, 500 KHz, Low Power
Sampling A/D Converter

Internal Sample/Hold
Functionally complete
Small 24-pin DIP
Low-power, 1.4 Watts
Three-state output buffers

o o o o o

ADS-125, ADS-126
12-Bit, 700 KHz, Low Power
Sampling A/D Converters

» 15 M ohm input impedance

+ Pin-programmable input ranges
» Low-power, 2.1 Watts

« Three-state output buffers

ADC-208
8-Bit, 20 MSPS
1.2 Micron CMOS Flash A/D Converter

« 10 MHz full power bandwidth
» Sample-hold not required

« Low power CMOS

« +5V dc operation

< 8-Bit latched three-state outputs with overflow bit
« MIL-STD-883B versions

ADC-574Z, ADC-674Z
Complete 12-Bit A/D Converters
with Sample-Hold, Reference, and Clock

Pin-to-pin compatible with industry standard HI574A/674A
No missing codes over temperature

15 uSec. conversion time (ADC-674Z2)

150 mW max. power dissipation

ADS-105/106
12-Bit, 1 MHz
Sampling A/D Converters

+ 12-Bit resolution

* 1 MHz throughput

* 15 M ohm input impedance

* Includes fast Sample/Hold amplifier

+ 3-state output, TTL and CMOS compatible
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NEW PRODUCTS FROM DATEL

PM-5050
Thermocouple Input
Process Monitor/Controller

+ Supports direct connection of thermocouple types J, K, T,
S,B,E,N,andR

« °Cor °F display; 0.1 or 1.0 degree resolution

» Cold junction compensation disable option

+ Automatic display of open TC input condition

PM-5060
RTD and Thermistor Input
Process Monitor/Controller

« Supports direct connection of 100Q platinum RTD's (Ameri-
can or European standards) and thermistors (22520,
30009, 50009, 10000Q)

« Two-, Three-, or four-wire operation

* °C or °F display; 0.1 or 1.0 degree resolution

« Automatic display of open circuit condition

PM-5070
Strain Gage
Process Monitor/Controller

+ Twoinputs: +50 mV (bridge output) +10V reference

« Simple bridge calibration and scaling function

« Two user-defines math functions for sophisticated output
manipulation and control algorithms

« Cycling six digit display of up to eight system variables, in-
cluding input peaks and valleys

PM-5080
Dual-Channel Voltage/Current Signal Input
Process Monitor/Controller

» Two input channels: 0-100 mV (jumper selectable for 0-20
mA) and 10V

» Two user-defined math functions for sophisticated output
manipulation and control algorithms

« Cycling six digit display of up to eight system variables, in-
cluding input peaks and valleys

» Simple scaling procedure with standard or user-defined en-
gineering units

Tunable Active Filters
More than 30 new Active Filters have been added to
the Product Line

» Digital, Voltage, and Resistive Tuning

» State Ready Filters

Selectable for Bessel, Butterworth, Chebychev, or Elliptical
Response

Small Hybrid Packaging

Rolloffs up to 140 dB/Octave

High Pass, Low Pass, Band Pass, Band Reject Filters
Switched Capacitor 7th Order Low Pass Filtering
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HIGH-RELIABILITY PROGRAMS

DATEL is committed to meeting the demanding requirements of military, aerospace and severe environment applications. To-
ward that end, DATEL offers a few options in its quality programs.

OPTION 1 MIL-STD-883 CLASS B COMPLIANT DEVICES

DATEL has received MIL-STD-1772 certification for its hybrid facility. This approval certifies that DATEL meets the stringent
standards requirements surrounding the facilities, material, processes, personnel training, design analysis, documentation and
equipment used to manufacture hybrid microcircuits. MIL-STD-883 establishes uniform methods, controls and procedures for
designing, testing and certifying microelectronic devices.

New contracts negotiated after December 31, 1984 require that, if MIL-STD-883 compliancy is called for, parts supplied must
meet the current intent of MIL-STD-883 (i.e., Element Evaluation and MIL-STD-1772 Certification, etc). DATEL's -883 program
offers products in full compliance with MIL-STD-883, Class B.

The accompanying chart gives a concise overview of MIL-STD-883 screening requirements and their implications for DATEL

customers.
TEST METHOD PURPOSE
Internal Visual Method 2017 Eliminates devices with potential for failure under mechanical, ‘
(Precap) . electrical or thermal stress |
Stabilization Method 1008 ’ Eliminates device failure due to storage at elevated tempera-
Bake Test Condition C, 24 hrs. at 150 °C | tures.
Temperature Method 1010, Determines resistance of device to sudden exposure to extreme
Cycling Test Condition C, -65 °C to 150 °C ‘ temperature changes. Removes potential failures due to ther- ‘
| mal stress on bonds, etc.
Constant | Method 2001, Eliminates potential failures due to structural or mechanical weak- ‘
Acceleration Test Condition A, Y AXIS, 5 kg. ness not detected in shock or vibration tests. ‘
Burn-in Test Method 1015, Stresses devices at temperature in order to eliminate infant mor-
Test Condition B, 160 hrs. at +125 °C tailty failures.
PDA 10% Static Tests performed at +25 °C Percent defective allowable—Rejects lots with static test failures ‘
greater than 10%.
Final Electrical Performed at +25 °C and at max. and min. Verifies that device still meets specified data sheet parameters.
Tests operating temperatures |
i
Seal Fine Method 1014, Insures hermeticity of device package. Eliminates degradation |
and Gross Test Condition A (fine), 1 x 107 cc/Sec. for | due to absorption of water vapor or other contaminants. t
volume of >0.5t0 <1.0 cm® and 5 x 10°® cc/ f
Sec. for volume of >1.0 to <10.0 cm®. Test |
condition C (gross)
External Visual Method 2009 Insures that materials, design, construction, marking, and work- \
manship conform with applicable procurement documentation. 1
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MIL-STD-883 compliancy also requires that complete documentation be available to support the product. An analysis of the de-
sign along with element and package evaluations are performed to ensure a high quality product. The manufacturing process is
also stringently controlled in order to obtain the high quality level.

Initial qualification requires passing the MIL-STD-883 tests for groups A, B, C and D. After initial qualification, groups A & B are

tested for all lots. Group C is tested iniitially and to qualify any product changes which may occur. Group D testing is also per-
formed initially and at intervals not exceeding 6 months for future lots.

MIL-STD-883 PRODUCTS

ANALOG-TO-DIGITAL CONVERTERS

MODEL NO. RESOLUTION  CONVERSION TIME LINEARITY
ADC-HZ12B/883B 12 Bits 8 uSec +1/2LSB
ADC-HX12B/883B 12 Bits 20 uSec +1/2LSB
ADC-816/883B 10 Bits 800 nSec +1/2LSB
ADC-208/883B 8 Bits 50 nSec +1.5LSB
ADC-207/883B 7 Bits 50 nSec +1LSB

DIGITAL-TO-ANALOG CONVERTERS

MODEL NO. RESOLUTION SETTLING TIME LINEARITY
DAC-HP16B/883B 16 Bits 15 pSec +21LSB
DAC-HZ12B/883B 12 Bits 3 puSec +1/2LSB
DAC-HK12B/883B 12 Bits 3 uSec +1/2LSB

DATA ACQUISITION SUBSYSTEMS
MODEL NO. RESOLUTION INPUT CHANNELS THROUGHPUT
HDAS-16/883B 12 Bits 16 SINGLE-ENDED 50 KHz

Contact DATEL for information on future MIL-STD-883 compliant devices now being qualified.

OPTION 2 -QL PROGRAM

DATEL's -QL (Quality Level) program offers enhanced reliability over the standard DATEL products through subjecting the de-
vices to environmental stresses. The -QL screening is not intended to imply compliance with MIL-STD-883 and any devices
screened to this program are classified as non-compliant devices as defined in paragraph 1.2 of MIL-STD-883.

It should be noted however, that if a contract was negotiated prior to December 31, 1984 and you supplied a part which your

Specification Control Drawing (SCD) described as compliant to MIL-STD-883, you may continue to fulfill that contract with parts
which satisfy the conditions of that specification. Contact DATEL to determine if a particular -QL product is applicable.

The accompanying chart gives a concise overview of the -QL screening requirements and their implications for DATEL
customers.
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~ TEST

Internal Visual
(100% Precap)

Stabilization Bake
100%

DATEL QL SCREENING PROGRAM

TEST CONDITION

Test Method 2017

TM 1008, Condition C 24 hours at + 150 °C
(Optional if TM 1030 is used)

PURPOSE

Eliminate visual defects prior to seal

Eliminates failures due to high temp storage

Temperature Cycling, 100%

100% Constant Acceleration

TM 2001, Condition A Y1 Axis, 5000 G

TM 1010, Condition C -65 to +150 °C, 10 cycles |

Eliminates failures due to mechanical weakness

Eliminates failures due to mechanical weakness |

100% Burn-in

Static burn-in 160 hrs. at +125 °C
(Similar to TM 1015 or TM 1030)

100% Final Electrical
Test

100% Fine and Gross
Leak

100% External Visual

Test Method 1014 Condition A (fine)
5 x 107 cc/Sec. Condition C (gross)

Test Method 2009

SAMPLE-HOLD AMPLIFIERS

Performed at +25 °C, TMIN, and TMAX operating
temperatures

-QL PRODUCTS

Eliminates failures due to infant mortality

Verifies that devices meet speicifications over
temperature range

Insures hermeticity for high humidity
environments

Insures proper marking, construction,
workmanship

MODEL NO. LINEARITY ACQUISITION TIME HOLD MODE DROOQOP
SHM-91MM-QL 0.003% 2 uSec. 5.0 pV/uSec.
SHM-45MM-QL 0.01% 200 nSec. 0.5 uV/uSec.
SHM-4860MM-QL 0.01% 200 nSec. 0.5 uV/uSec.
SHM-9MM-QL 0.01% 6 uSec. 0.2 mV/mSec
SHM-6MM-QL 0.02% 2 uSec. 10 uV/uSec.
SHM-HUMM-QL 0.1% 25 nSec. 50 pV/uSec.
SHM-40MM-QL 0.1% 40 nSec. 100 uV/uSec.
OPERATIONAL AMPLIFIERS
INPUT
OFFSET GAIN

MODEL NO. VOLTAGE BANDWIDTH OUTPUT

AM-500MM-QL 3mv 130 MHz +10V at 50 mA

AM-1435MM-QL 5mV 1000 MHz +7Vat14 mA

DATA ACQUISITION SUBSYSTEMS

MODEL NO. RESOLUTION  INPUT CHANNELS THROUGHPUT
HDAS-16MM-QL 12 Bits 16 Single-Ended 50 KHz
HDAS-8MM-QL 12 Bits 8 Diff-Ended 50 KHz
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ANALOG-TO-DIGITAL CONVERTERS

MODEL NO. RESOLUTION CONVERSION TIME LINEARITY
ADC-505BMM-QL 12 Bits 550 nSec. +1LSB
ADC-508BMM-QL 12 Bits 700 nSec. +1LSB
ADC-520MM-QL 12 Bits 800 nSec. +1/2 LSB
ADC-521MM-QL 12 Bits 800 nSec. +1/2 LSB
ADC-817AMM-QL 12 Bits 2 uSec. +1LSB
ADC-810MM-QL 12 Bits 2 uSec. +1LSB
ADC-827AMM-QL 12 Bits 3 uSec. +1LSB
ADC-811MM-QL 12 Bits 3 uSec. +1LSB
ADC-HZ12BMM-QL 12 Bits 8 uSec. +1/2 LSB
ADC-5211H-QL 12 Bits 13 uSec. +1/2 LSB
ADC-5212H-QL 12 Bits 13 uSec. +1/2 LSB
ADC-5214H-QL 12 Bits 13 uSec. +1/2 LSB
ADC-5215H-QL 12 Bits 13 uSec. +1/2 LSB
ADC-5216H-QL 12 Bits 13 uSec. +1/2 LSB
ADC-HX12BMM-QL 12 Bits 20 uSec. +1/2 LSB
ADC-HC12BMM-QL 12 Bits 300 uSec. +1/2 LSB
ADC-510BMM-QL 10 Bits 510 nSec. +1/2 LSB
ADC-515BMM-QL 10 Bits 700 nSec. +1/2 LSB
ADC-816MM-QL 10 Bits 800 nSec. +1/2LSB
ADC-826MM-QL 10 Bits 1.4 uSec. +1/2 LSB
ADC-815MM-QL 8 Bits 700 nSec. +1/2LSB
ADC-5101H-QL 8 Bits 900 nSec. + 1/2 LSB
ADC-825MM-QL 8 Bits 1 uSec. +1/2 LSB

SAMPLING ANALOG-TO-DIGITAL CONVERTERS

ADS-105MM-QL 12 Bits 1 MHz +1LSB
ADS-106MM-QL 12 Bits 1 MHz +1LSB
ADS-125MM-QL 12 Bits 700 KHz +1/2LSB
ADC-HS12BMM-QL 12 Bits 66 KHz +1/2 LSB
ADS-115MM-QL 10 Bits 1 MHz +1/2LSB
ADS-116MM-QL 10 Bits 1 MHz +1/2LSB

DIGITAL-TO-ANALOG CONVERTERS

MODEL NO. RESOLUTION SETTLING TIME LINEARITY
DAC-HP16BMM-QL 16 Bits 15 uSec. +2LSB
DAC-HF12BMM-QL 12 Bits 50 nSec. +1/2LSB
DAC-HK12BMM-QL 12 Bits 3 uSec. +1/2 LSB
DAC-HZ12BMM-QL 12 Bits 3 uSec. +1/2 LSB
DAC-HF10BMM-QL 10 Bits 25 nSec. +1/2 LSB
DAC-HF8BMM-QL 10 Bits 25 nSec. +1/2 LSB
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OPTION 3 BS9000 PROGRAM
DATEL also has a BS9000 program in compliance with British Standards for high reliability devices. BS9000 is the United

Kingdom's national system for the independent inspection approval and surveillance of manufacturers, distributors and test la-
boratories in the electronic component industry.

The accompanying product flow gives an overview of the BS9000 products through screening and quality conformance
inspection.

BS9000 Screening Requirements

. Fine and gross leak tests
Production batch formed l g
b BS 9400 1.2.6.14

' T
Screening Level B l Electrical tests at 25 °C as per
| subgroups A1 (a) (1), and A2

Pre-cap Inspection ]
BS 9400 1.2.10 Level B Burn-in Screen
[ BS 9400 1.2.9.2
160 hr. minimum at 125 °C

High temperature storage
BS 9400 1.2.6.3 150 °C
for 24 hours Unspecﬁon Lot Formed
I |
Rapid change of temperature Sample Test to groups
BS 9400 1.2.6.13 10 cycles A.B.C as appropriate
-65°C to +150 °C
I
Acceleration steady state
BS 9400 1.2.6.9
294000 m/Sec.direction Y1

BS9000 PRODUCTS
ANALOG-TO-DIGITAL CONVERTERS
MODEL NO. RESOLUTION CONVERSION TIME LINEARITY

ADC-303-XXXXX 8BITS 10 nsec +1/21LSB
ADC-208-XXXXX 8BITS 50 nsec +15LSB

Parts qualified to the BS9000 specification have a quality level equivalent to MIL-
M-38510 giving a quality factor of 1.
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GENERAL

ANALOG-TO-DIGITAL CONVERTERS
General Purpose A/D Converters
High-Speed A/D Converters
Flash A/D Converters
Sampling A/D Converters

DIGITAL-TO-ANALOG CONVERTERS
SAMPLE-AND-HOLD AMPLIFIERS
AMPLIFIERS

Operational Amplifiers

Instrumentation Amplifiers

Signal Conditioning
ANALOG MULTIPLEXERS
ACTIVE FILTERS

DATA ACQUISITION SUBSYSTEMS

VOLTAGE-TO-FREQUENCY CONVERTERS

POWER PRODUCTS
Power Supplies
Voltage Inverters
Voltage References

INSTRUMENT PRODUCTS
Thermal Printers
Digital Panel Meters
Process Monitors/Controllers
Voltage Calibrators

DATA ACQUISITION BOARDS
VMEDbus I/O Boards
MULTIBUS 1I/0O Boards

INDEX

SECTION

SECTION
SECTION

SECTION
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SECTION
SECTION
SECTION
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ANALOG-TO-DIGITAL
CONVERTERS
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AP COVIVERTER
s AL E T ME

A COMYERTER
PRV R
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GENERAL PURPOSE i

CONVERSION  LINEARITY INPUT ouTPUT TEMPERATURE
MODEL resoLution  urE e A RANGE Cooma PACKAGE RANGE (o PAGE
ADC-EH8B2 2us 0to+10V 2x2x0375in.

Ae-trote B —r +1/2 LSB Bin, 2 Oto+7 1-192
ADC-EH8B1 8Bits 4us +5V n.2C 51 x51x10mm) 0 +70
ADC-847A +11SB 010 +5V, +10V _ 18-pin DIP

_AUL-ORIA R 9 L 1
ADC-847B 8-8Bits K +1/4 LSB 5V, £10V Bin Monolithic Otos+70 1127
ADC-830C 8-Bits 100 s +1/2LSB Oto +5V gin 20-pin DIP 010470 1-121

Monolithic
0to +10V 24-pin DIP
ADC-EK8B 8-Bits 18ms +1/2LSB o+ Bin pin o1 0to+70  1-195
+5V Monolithic
ADC-ET-8BC 0to +10V 24-pin DIP 010 +70

_ADC-ET-8BC Bi 18ms + i _Qto+70
ADC-ET8BM 8-Bits /218 +5V Bin Monolithic s5to+125
ADC-EH10B2 2pus 0to +10V 3x2x0.375in.

APL=TI82 o —hs +1/2 Bin, 7 1-183
ADC-EH10B1 0-BitS 4ps LSB +5V n2C  exsixiomm)  °©*70
ADC-EK10B 10-Bits 6ms +1/2LSB Oto+10V Bin 24-pin DIP Oto+70  1-195

+5V Monolithic
ADC-EK10BC , 0to+10V A 24-pin DIP 010+70 1195

ADE-ERIPE 08 6ms +172 L
ADC-ET10BM 0-Bits LS8 +5V Bin Monolithic S5t0+125  1-199
ADC-856C , 0o +5V, +10V _ 28-pin DIP 0t0+70

T 1 us/LSB +1/2 LSB —Qt0+70 g 434
ADC-856M 0-Bits H S 2.5V, £5V, +10V Bin Monolithic 5510 +125
ADC-EH12B3 2ps

B — 1ov 4 3750n. -
ADC-EH12B2 12-Bits 4ps +1/2LSB oo Bn2c o 2 ;0515:;“) o0 1%
ADC-EH12B1 8 us *

ADC-HZ12BGC 00470

ADk-nel28ae v, +10V Bi pin DIP -
ADC-HZ12BMC  12Bits 8us +1/2 LSB +g :;i 5v++?ov Ccalcn 32 lel:rid 010+70  1-213
ADC-HZ12BMM FeoV, BV E Y 5510 +125
ADC-5211 0to+70

ADEeSell +5V ~ 2002
ADC-5211H 5510 +125
ADC-5212

+10V 0to +70
ADC-5212H 5510 +125
ADC-5214 24-pin DIP 010 +70

R 13ps +1/2 + i 2R 47
ADC-5214H 2-Bits H LS8 SV CBin Hybrid 5510 +125
ADC-5215 010 +70

_ADC-5215 +10V T Ine—
ADC-5215H 5510 +125
ADC-5216 010 +70
ADC-5216H Oto+10V 5510 +125
ADC-HX12BGC 0t0+70

_ADb-nAlsniat 1oV Bi pinpp — 00
ADC-HX12BMC  12-Bits 20 s +1/2 LSB +Z ts?/+i\5/{/++?ov (éz'cn SZHPI;riZI 0to+70 _ 1-213
ADC-HX12BMM FEOV V= Y 5510 +125
ADC-HC12BMC , 010 +5V, £10V _ 32-pin DIP 010470 1205

~ADE- A T2B A . 300 ps + _0to+70
ADC-HC12BMM 2Bt " /2158 +2 5V, +5V, £10V Bin, 2C Hybrid 5510 +125
ADC-EK12DC stom DI 010470
ADC-EK12DR 3 1/2 Digits 12ms +1/2 LSB 0to +10V BCD Mozolithic -25t0 +85 1-195
ADC-EK12DM 5510 +125

4-pin DIP
ADC-EK12B 12-Bits 24ms +1/2LSB Oto+10V Bin 24-pin DI 0to+70  1-195
+5V Monolithic
ADC-ET12BC +11/2LSB 00470

AD-E1eB% EiRLALS 1ov 4pnDIP  —
ADC-ET12BR 12-Bits 24 ms +1/2 LSB 0 ti;vo Bin iﬁoilonlithic 2510485 1-199
ADC-ET12BM +1/2L58B * 5510 +125

40-pin DIP
ADC-7108 12-Bits 33ms 1 Count Vi to V- Bin 0-pin DI 010 +70 1-82
Monolithic
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HIGH SPEED A/D CONVERTERS

CONVERSION  LINEARITY INPUT OUTPUT TEMPERATURE
MODEL  RESOLUTION  “qyye (May) (Max) RANGE cobiNg  PACKAGE  "pange(cc) PAGE
ADC-815MC ' 0to +5V, +10V, +20V i 24-pin DIP 0to+70
ADC.BiSMM 8 Bits 700 ns +1/2LSB +2.5V, 45V, 10V Bin, 2C Hybrid BT Ta— 1-106
010 -5V, -10V, -20V -
ADC-5101 »-10V, A 24-pin DIP
W 8 Bits 900 ns +1/2L.SB 0to +5V, +10V, +20V Bin HF;Ibrid %— 1-61
+2.5V, +5V, +10V SSto+
ADC-825MC . 0to +5V, +10V, +20V ! 24-pin DIP 0to +70
ADC-825MC___ gy 1ps +1/2LSB P +10V, Bin, 2C L L% ZA T,
ADC-825MM " 12,5V, 5V, +10V " Hybrid -55t0 +125
ADC-881 8 Bits 1us +0.04 LSB +5V Bin MODULE 010470 1-139
ADC-510MC 0 to +10V, +20V . . 32-pin DIP 0to +70
e — 10 Bi 4 *1/. ’ Bin, CBin —_ 155
ADC-510MM Bits 25 ns 21SB +10V ! Hybrid 5510 +125
ADC-515MC . 0to +10V, +20V ) : 32-pin DIP 0to +70
A0EDSEL 408t +1/2 LSB . AL % ZA S .
ADC-515MM 650 ns +10V Bin, CBin Hybrid 5510 +125
ADC-816MC - 010 -10V, 20V ) 32-pin DIP 010470 110
ADC-816MM 10Bits 800ns 1/2LSB 25V, +5V, +10V Bin, 2C Hybrid 5104125
ADC-826MC - 0 to -5V, -10V, 20V , 32-pin DIP 010470
A0E-526MC ot 1.4ps Bin, 2C o8
ADC-826MM e . £12LSB - ip 6y, 15V, 110V " Hybrid B5to+izs 110
ADC-868 12 Bits 500 ns +1/2LSB 0:‘2’ ;3\’ Bin MODULE 010470 1-135
ADC-500BMC 500 ns 0to+70
ADC-500BMM 500 ns Bin 55104125 443
ADC-505BMC 12 Bits 550 ns 0.0125% FSR 0to +10V Offset Bin 32-pin DIP 0to +70
ADC-505BMM 550 ns +1/2L.SB +10V C Bin Hybrid -55t0 +125
ADC-508BMC 700 ns C Offset Bin 010 +70
ADC-508BMM 700 ns S5t0+125 149
ADC-520MC 0to +10V, +20V, -20V Bin, 2C 010 +70
ADC-520MM +10V C Bin, C2C 5510 +125
A - +1/2 LSB UV 4 _ni W BPTe 17
ADC-521MC 12Bits 800 s Oto +5V OffsetBin o2 PinDIP 010 +70
ADC-521MM 25 C Offset Bin 5510 +125
ADC-511MC Oto+10V Bin, CBin __ 24-pin DIP 010 +70
_— i 1us + —_ 1
ADC-511MM 12Bits W £3/4158 5V Offset Bin Hybrid B5t0+125 1705
ADC-810MC _ 00 +10V, +20V CBin 32-pin DIP 010 +70
—_— 2 us +1LSB ’ —_— -
ADC-810MM 128its K S cac Hybrid 5t0+125 100
ADC-817AMC , 0to -5V, 10V 32-pin DIP 010 +70
—_— 12 ’ i e —
ADC-817AMM Bits 2ps LS8 +2.5V, +5V, +10v Bin, 2C Hybrid S5t0+125 10
ADC-827AMC - LS 0to -5V, -10V B 20 32-pin DIP 010 +70
ADC-827AMM s 3us = +2.5V, 45V, +10V " Hybrid S5t0+125 110
ADC-811MC ! 0o +10V, +20V ) 32-pin DIP 010 +70
ADC-811MM 12 Bits 3us +1 LSB 5V, £10V C Bin, C2C Hybrid T 55t0+125 1-100
“pin DIP
ADC-800 15 Bits 400 ms 2LSB Vs +1.5V to +Vs-1.5V Bin 40-pin DI 010 +70 192
Monolithic
ADC-974 16 Bits 25ps /2158 15V cac 010470  1-143
5p © 14 Bits + MODULE -
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FLASH A/D CONVERTERS

CONVERSION  LINEARITY INPUT OUTPUT TEMPERATURE
MODEL RESOLUTION TIME (MAX) (MAX) RANGE CODING PACKAGE RANGE (°C) PAGE
ADC-207MC . . 18-pin DIP 0to +70 .
ADC-207MM 7 Bits 50 nS +1/21SB 0to +5V Bin Monolithic —— B5to+125
! Bin, C Bin 42-pin DIP
- 1 - .
ADC-303 8 Bits onS +1/2 LSB Oto -2V €26, 2C Monolithic 20 to +100 1-27
ADC-302 8 Bits 20nS +1/2LSB 0to-2V Bin, C Bin 28-pin DIP -20 to +100 1-23
c2c, 2C Monolithic
R ) Bin, C Bin 28-pin DIP :
ADC-301 8 Bits 33nS +1/2 LSB 0to -2V C2C. 2C Monolithic 20 to +100 1-23
- i R Bin, C Bin 28-pin DIP .
ADC-300 8 Bits 50 nS +1/2 LSB 0to -2V CaC. 2C Monolithic 20 to +100 1-19
ADC-304 8 Bits 50 nS £1/2 LSB 0to-2V Bin, C Bin 28-pin DIP 20 to +100 1-33
C2C, 2C Monolithic
ADC-208MC 8 Bits 50 nS +0.6 LSB 0to +5V ; 24-pin DIP 010 +70 _
ADC-208MM ' * Bin Monolithic 5510 +125 "
. ! 28-pin DIP
ADC- - : R
c-310 10 Bits 50 nS +1.75LSB 0to -2V CBin Monolithic 200 +75 1-39
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SAMPLING A/D CONVERTERS

LINEARITY INPUT OUTPUT TEMPERATURE
MODEL RESOLUTION THROUGHPUT (MAX) RANGE CODING PACKAGE RANGE (°C)  PAGE
ADS-115MC ) ! ) 32 - pin DIP 010 +70
il ki + 0to +10V pin B
ADS-T15MN 10 Bits 1 MHz +1/2LSB + Bin, CBin Rybrid 10105 17229
ADS-116MC ) Off. Bin 32 - pin DIP 010 +70
hbtadahhiind -10to + 10V ! a — 2+ 1229
ADS-116MM 10 Bits 1 MHz +1/2LSB + C Oft. Bin Hiybrid 510125
Oto +10V Bin, C Bin b
ADS-21 12 Bits 13mHz  EOOIBSRESR 0105y, -10v, -20v Off. Bin 46 pin DIP Oto+70  1-241
45V, +10V C Off. Bin
0to +10V Bin, C Bin o
ADS-22 12 Bits 1MHz  F00125%FSR g4, 5y oV, -20v Off. Bin 46 - pin DIP 010470  1-247
+1/2LSB 15V, +10V COf. Bin Module
ADS-105MC +0.0125% FSR 32-pinDIP . _0to+70
_— i *0. i i : —r= 1217
ADS-105MM 12 Bits 1 MHz +1/2LSB Oto +10V Bin, C Bin Hybrid 55104125
ADS-106MC ; +0.0125% FSR Off. Bin 32 - pin DIP 010 +70
ADS-106MM 12 Bits 1MHz +1/2LSB oV C Off. Bin Hybrid 55 t0 +125 1-217
ADS-125MC " Oto +10V Bin, C Bin, Off. Bin 32 - pin DIP 0to +70
ADS-125MM 12Bis 700 kHz +1/21SB +10V C Off. Bin, 2C, C2C Hybrid 5510 +125 1-235
ADS-126MC ) 0to +5V Bin, C Bin, Off. Bin 32 - pin DIP 010 +70
ADS-126MM 12 Bits 700 kHz +1/2LSB 425V C Off. Bin, 2C, C2C Hybrid Ero.ims "8
ADS-111MC ' Oto +10V Bin, C Bin 24 - pin DIP _01t0+70
ADS-111MM 12Bits 500kHz  +3/41SB +5V Off.Bin, C Off. Bin  Hybrid BSto+1s 123
ADC-HS12BMC ' 01to +5V, +10V ) 32 - pin DIP 0to +70
ADC-HSizBmMm  12Bits 66 kHz +1/2LSB 125V, 25V, £10V C Bin, C2C Hybrid T5t0+105 17209
ADCE74ZA +1LSB 0to +10V, +20V Bi
' 0 +10V, + in 28 - pin DIP 0to +70
ADC-6742B 12 Bits 55 kHz " e —Orf 4053
= + 5V, +10V Off. Bin Monolithic -
ADG6742C +1/2LSB i 5510 +125
ADC-574ZA +1LSB
e — ) — 0to +10V, +20V Bin 28 - pin DIP
ADC-5742B 12 Bits 35 kHz +1/2LSB 15V, 410V O, Bin Monolthic 0to+70  1-253
ADC-5742C +1/2LSB
ADC-B207/208  7/8 Bits 20 MHz 0.6 LSB 0to +5V Bin 63X4 in.
- (160X 102mm)  0t0+70 —
) Oto +1V Bin, C Bin, Off. Bin  Eurocard size
ADC-B303E 8 Bit: + : " ) 1-1
DC 3 its 100 MHz 1/2 LSB 105V G Off Bin, 2C, C2C _Pin connector 0to +70 57
" 0to +1V Bin, C2C Eurocard size
ADC-B302E + - 7 1-152
8 Bits 50 MHz 1/2 LSB +0.5V Off. Bin, 2C Pin connector 0to +70
. 0to +1V Bin, C2C Eurocard size
ADC-B301E 8 Bits 30 MHz +1/2LSB 0.8V Off. Bin. 2C Pin connector 0t0+70  1-147
” Oto 1V Bin, C Bin, Off. Bin Eurocard size _
ADC-B304E 8 Bits 20 MHz +1/2LSB +0.5V C Off. Bin, 2C, C2C  Pin connector 0to +70 1-163
i Oto 1V Bin Eurocard size
ADC-B10E 10 Bits 12 MHz +1.75 LSB +0.5V Off Bin Pin connector 0to+70  1-169
0to -5V, -10V ! 3.8X45in
ADC-B500 * . +0.0125% FSR ; Bin, C Bin
ST 12 Bits 1.25 MHz - 010-20V, +10V N, (97 X 114 mm 7 1-175
ADC-B500-1 +1/2158 35, +10V ot Bin, C Off. Bin ¢ Board ) OreuT0
0to-5V,-10V ) ) 3.8X45
ADC-B505 12 Bits tamHz  OUBSRESR - g0p0v,vov o BMCBA L (@7X114mm) 010470 1175
- 5V, +10V e . Board

* Includes ADC-500 and SHM-45
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FEATURES

e 7 Bit Flash A/D Converter

¢ 35 MHz Sampling Rate

* Low Power (250 mw)

e +5V dc Operation

¢ 1.2 micron CMOS

* 7-Bit Latched 3-state Output With
Overflow Bit

APPLICATIONS

* TV video digitizing

* Radar

¢ High-speed digital oscilloscopes
* Medical imaging (ultrasound)

* Robotic vision

¢ High-Speed, low power applications

GENERAL DESCRIPTION

The ADC-207 is the industry’s first 7-bit flash
converter using a high-speed 1.2 micron
CMOS process. This process offers some
very distinctive advantages over other
processes, making the ADC-207 a very
unique device. The smaller geometrics of the
process achieves high-speed, better lineari-
ty and better temperature performance. Since
the ADC-207 is a CMOS device, it also has
very low power consumption (250 mw). The
device draws power from a single +5V sup-

ADC-207

VIDEO FLASH CONVERTER
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Figure 1. ADC-207 Simplified Block Diagram
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ply, and is conservatively rated for 20 MHz
operation. The ADC-207 allows using sam-
pling apertures as small as 12nS, making it
more closely approach an ideal sampler. The
small sampling apertures also let the device
operate at greater than 20 MHz.

The ADC-207 has 128 comparators which are
auto-balanced on every conversion so as to
cancel out any offsets due to temperature
and/or dynamic effects. The resistor ladder
has a midpoint tap for use with an external
voltage source to improve integral linearity
beyond 7 bits. The ADC-207 also provides the
user with 3-state outputs for easy interfacing
to other components. There are two models
of the ADC-207 covering two operating tem-
perature ranges, 0 to 70 degrees C and -55
to +125 degrees C. For MIL-Std-883C
versions, consult factory.

MECHANICAL DIMENSIONS

INPUT/OUTPUT CONNECTIONS

PIN | FUNCTION PIN | FUNCTION

1 | CLOCK 10 | OVERFLOW

2 | DIGITAL GROUND 11 | BIT 1 (MSB)

3 | - REFERENCE 12 | BIT2

4 | ANALOG INPUT 13 | BIT3

5 | MID POINT 14 | BIT4

6 | + REFERENCE 15 [ BITS

7 | ANALOG GROUND 16 | BIT 6

8 | CHIP SELECT 1 17 | BIT 7 (LSB)

9 | CHIP SELECT 2 18 | +VDD SUPPLY

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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FUNCTIONAL SPECIFICATIONS

(Typical at +5Vdc power, +25 deg. C, 20 MHz clock,
+Reference = 5V, —Reference = Ground, unless noted)

DESCRIPTION | min._[TyPicaL| MaX. [ uNiTs
POWER REQUIREMENTS

Power supply range (+Vvdd)] +30 +5.0 +55 Vdc
Power supply current — +50 +70 mA
Power dissipation — 250 385 mw

ENVIRONMENTAL — MECHANICAL
Operating temp. range:

MC grade 0 — +70 °C
MM grade -55 — +125 °C
Storage temp. range -65 — +150 °C
Package type hermetically sealed, ceramic dual inline
package
Pins 18 pins, 0.100” centers, 0.300”between
rows
Pin material .010 x .018 inch Kovar

DESCRIPTION [ min. JrvpicaL] Max. | uniTs
ABSOLUTE MAXIMUM RATINGS
Power supply voltage -05 — +7.0 Vdc
(+Vdd, pin 18)
Digital inputs -05 — +55 Vdc
Analog input -05 — +Vdd Vdc
+05
Reference inputs -05 — +Vdd Vdc
Digital outputs -05 — +55 Vdc
(short circuit protected
to ground)
Lead temperature, — — +300 °C
10 sec. ma
Ambient temperature -65 — +150 °C
INPUTS
ANALOG SIGNAL INPUT
single-ended, non-isolated
Input range 0 — +50 \
dc-20 MHz
Input impedance — 1000 — Ohms
Input capacitance, —_ 10 — pF
full input range
DIGITAL INPUTS:
Logic “1” level 20 —_ — \
Logic “0” level — — 08 \'
Logic “1” loading — +/-1 +/-5 | microamps
Logic “0” loading — +/-1 +/-5 | microamps
Sample pulse width, 12 — — nS
during sampling portion
of clock
Reference ladder - 330 — Ohms
resistance
DIGITAL OUTPUTS
Data coding Straight binary
Data output resolution 7 — —
Logic “1” level 24 45 — \
Logic “0” level — — 04 \
at 1.6 mA
Logic “1” loading 4 — — mA
Logic “0" loading 4 — — mA
Output data valid delay — 15 17 nS
from rising edge
PERFORMANCE
Conversion rate! 20 35 — mega
samples/sec
Harmonic distortion2 — —40 — dB
(8 MHz 2nd order harmonic)
Differential gain3 — 3 — %
Differential phase3 — 15 — degrees
Aperture delay — 8 — nS
Aperture jitter — 50 — pS
No missing codes
MC grade 0 — +70 °C
MM grade -55 — +125 °C
Integral linearity at 25°C — +/-08 | +/-1 LSB
Adjustableovertemp.range| — +/-10 — LsSB
Differential nonlinearity
at 25°C — +/-03 | +/-05 LSB
Over temp. range — +/-04 | +/-06 LSB
Power supply rejection — 002 — %FSR/%Vs

NOTES: 1. At full power input and chip selects enabled
2. At 4 MHz input and 20 MHz clock
3. For 10-step, 40 IRE NTSC ramp test

TECHNICAL NOTES

1. Input Buffer Amplifier—Since the ADC-207 has a switched
capacitor type input, the input impedance of the 207 is
dependent on the clock frequency. At relatively slow con-
version rates a general purpose type input buffer can be
used; at high coversion rates DATEL recommends either
the HA-5033, the LH-0033 or Elantec 2003.

2. Reference Ladder—Adjusting the voltage at +Ref adjusts
the gain of the ADC-207. Adjusting the voltage at —Ref
adjusts the offset or zero of the ADC-207. The midpoint pin
is usually bypassed to ground through a .1uf capacitor,
although it can be tied to a precision voltage halfway
between +Ref and -Ref. This would improve integral linear-
ity beyond 7 bits.

3. Clock Pulse Width—To improve performance at Nyguist
bandwidths, the clock duty cycle can be adjusted so that the
low portion of the clock pulse is 12 nseconds wide. The
smaller aperature allows the ADC-207 to closely resemble
an ideal sampler.

CAUTION

Since the ADC-207 is a CMOS device, normal pre-
cautions against static electricity should be taken. use
ground straps, grounded mats, etc. The Absolute Maxi-
mum Ratings of the device MUST NOT BE EXCEEDED
as irrevocable damage to the ADC-207 will occur.

TIMING DIAGRAM
SAM SAMPLE
AUTO NPLE AUTO " nN4+1  AUTO SA'M,PQLE
ZERO ZERO ERO

/ 01 \02 o1 02 o1 02

M N DATA Jd N-+1 DATA
] g

17NS 17NS
MAX MAX
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ADC-207

OUTPUT CODING

(+Ref=+5.12V, —Ref=Gnd, MID POINT=no connection)

NOTE: The reference should be held to 0.1% accuracy or bet-
ter. Do not use the +5V power supply as a reference
input without precision regulation and high frequency
decoupling.

Values shown here are for a 5.12Vdc reference. Scale other
references proportionally. Calibration equipment should test

for code changes at the midpoints between these center values
shown in Table 1. For example, at the half-scale major carry, set
the input to 2.54V and adjust the reference until the code flick-
ers equally between 63 and 64. Note also that the weighting for
the comparator resistor network leaves the first and last
thresholds to within %2 LSB of the end points to adjust the code
transition to the proper midpoint values.

Table 1. ADC-207 Output Coding

Analog In Code Overflow 1 2 3 45 6 7 Decimal | Hexadecimal
(Center Value) MSB D AT A LSB (incl. OV)
0.00vV Zero 0 0 0 0 0 0 0 O 0 00
+0.04vV +1LSB 0 0O 0 0 0 0 0 1 1 01
+1.28V +1/4 FS 0 01 0 0 0 0 O 32 20
+2.52V +1/2FS-1 LSB 0 o1 1+ 1 1 1 1 63 3F
+2.56V +1/2FS 0 1 0 0 0 0 0 O 64 40
+2.60V +1/2FS +1LSB 0 i 0 0 0 0 0 1 65 41
+3.84V +3/4FS 0 11 0 0 0 0 O 96 60
+5.08V +FS 0 11 1 1 1 1 1 127 7F
+5.12v * Overflow 1 11 1 1 1 1 1 255* FF
* — Note that the overflow code does not clear the data bits.

THEORY OF OPERATION

The ADC-207 uses a switched capacitor scheme in which there
is an auto-zero phase and a sampling phase. (Figure 1 shows
the simplified block diagram of the ADC-207.) The ADC-207
uses a single clock input. When the clock is at a high state (logic
1), the ADC-207 is in the auto-zero phase (@ 1). When the clock
is at a low state (logic 0), the ADC-207 is in the sampling phase
(@2). During phase 1, the 128 comparator outputs are shorted
to their inputs through CMOS switches. This serves the pur-
pose of bringing the inputs and outputs to the transition levels
of the respective comparators. The inputs to the comparators
are also connected to 128 sampling capacitors. The other end
of the 128 capacitors are also shorted to 128 taps of a resistor
ladder, via CMOS switches. Therefore during phase 1 the sam-
pling capacitors are charged to the differential voltage between
aresistor tap and its respective comparator transition voltage.

This eliminates offset differences between comparators and
yields better temperature performance. During phase 2 (@2) the
input voltage is applied to the 128 capacitors, via CMOS
switches. This forces the comparators to trip either high or low.
Since the comparators during phase 1 were sitting at their tran-
sition point, they can trip very quickly to the correct state. Also
during phase 2 the outputs of the comparators are loaded into
internal latches which in turn feed a 128 to 7 encoder. When go-
ing back into phase 1 the output of the encoder is loaded into
an output latch. This latch then feeds the 3-state output buffer.

This means that the ADC-207 is of pipeline design. To do a sin-
gle conversion, the ADC-207 requires a positive pulse followed
by a negative pulse followed by a positive pulse. Continuous

conversion requires one cycle/sample (one positive pulse and
one negative pulse). The 3-state buffer has two enable lines,
CS1and CS2. Table 2 shows the truth table for chip select sig-
nals. CS1 has the function of enabling/disabling bits 1 through
7. CS2 has the function of enabling/disabling Bits 1 through 7
and the overflow bit. Also a full-scale input produces all ones,
including the overflow bit at the output. The ADC-207 has an
adjustable resistor ladder string. The top end, middle point, and
bottom end are brought out for use with applications circuits.

These pins are called +Ref, MID POINT, and —Ref, respec-
tively. In typical operation +Refistiedto +5V, —Refis tied to
ground, and MID POINT is bypassed to ground. Such a con-
figuration results in a 0 to 5V dc input voltage range. The MID
POINT pin can also be tied to a 2.5V source to further improve
integral linearity. This is usually not necessary unless better
than 7 bit linearity is needed.

Table 2. Chip Select Truth Table

cst1 | cs2 Bits 17 Overflow Bit
0 0 3 State Mode 3 State Mode
1 0 3 State Mode 3 State Mode
0 1 DATA Outputed DATA Outputed
1 1 3 State Mode DATA Outputed
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APPLICATION #1: Using the ADC-207

Figure 2 shows typical connections for using the ADC-207. In
this configuration the input voltage range is 0 to 5V dc. The input
voltage range is determined by the reference voltage. For oper-
ating in lower input voltage ranges, the reference input must
be tied to the corresponding lower voltage value. For example
to operate the ADC-207 in 0 to 3V input voltage range the +REF
input must be tied to +3V dc. Further, for higher speed opera-
tion (above 20 MHz) user may modify the clock signal to facili-
tate duty cycle adjustment. Figure 3 shows a pulse shaping
circuit which is usable to modify the clock signal.

+5V

20MHz CLOCK

O P 4.7UF |

01UF
WUF[47UF] + hoc.207
1] il
LK VDD 8
AUF 2
DIGITAL
"Q _3‘ GROUND 87
—REF. 86
4
VIN 85|
S M!
1UF D B4
% ] RE
100 7 ANA:OG -
'_e' GrounD P2
—4cs1 B1
9,
L—cs2 OF|

1UF

{{u
O
<

Figure 2. Typical Connections for Using the ADC-207

APPLICATION #2: Using Two ADC-207’s for
8-bit resolution.

Two ADC-207’s (A and B) are cascadable for applications
requiring 8-bit resolution. The device A provides a typical 7-bit
output. The OVERFLOW signal of device A turns off device A
and turns on the device B. The OVERFLOW signal of device
Ais also used as MSB for 8-bit operation. The device B provides
the other seven bits from the input signal. Figure 4 shows the
circuit connections for the application.

+5V OVERFLOW
|
BIT 1 (MS8)
+512 |
REFERENCE
IN +Vi 10
+REF OF p—
il
N . o1 o
Ccs1 12
082 ™
4 083 BITa

OPTIONAL oB4
MIDSCALE .
ADJUST —{ cLock 085

8iTS

BIT6.

BiT8
LS8y

13
1
15
16
17
2
ANG GND
CLOCK IN GND
(o) 7 =

= 7

ANALOG
ANALOG IN ity 10

- |-

1
(- 13
cLock o83

4
ANALOG N 0B4

cs2

oD

REFERENCE 2
DIGITAL
GROUND
REFERENCE =
GROUND

Note: The output data bit numbering is offset by a bit to the
device B’s output.

o |5 |o
o
@
5
>

Figure 4. Using ADC-207’s for 8-bit Operations

cLockn [ ———9

GROUND D——

13
2 p__.|“ 'CLOCK out

+5VOLTS D—c

NOTE: Reduce the sample time (sample pulse) to 12 nsec. to improve

performance above 20 MHz. Such a configuration will closely
resemble an ideal sampler.

Figure 3. Optional Pulse Shaping Circuit
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APPLICATION #3: BeatFrequency And Envelope Tests

Figure 5 shows the actual plot of the Beat Frequency Test. This
test uses a 20 MHz clock input to the ADC-207 with a 20.002
MHz full-scale sine wave input. Although the converter would
not normally be used in this mode because the input frequen-
cy violates Nyquist criteria for full recovery of signal information,
the test is an excellent demonstration of the ADC-207’s high-
frequency performance.

The effect of the 2 KHz frequency difference between the input
and the clock is that the output will be a 2 KHz sinusoidal digi-
tal data array which “walks” along the acutal input at the 2 KHz
beat note frequency. Any inability to follow the 20,002 MHz input
will be immediately obvious by plotting the digital data array.
Further arithmetic analysis may be done on the data array to
determine spectral purity, harmonic distortion, etc. This testis
an excellent indication of:

1. Full power input bandwidth of all 128 comparators. (Any gain
loss would show as signal distortion.)

2. Phase response linearity vs. instantaneous signal magni-
tude. (Phase probiems would show as improper codes.)

3. Comparator slew rate limiting.

Envelope Test:

Figure 6 shows the actual plot of the Envelope Test. This test
is a variation of the previous test but uses a 10.002 MHz sine
input to give two overlapping cycles when the data is recon-
structed by a D/A converter output to an oscilloscope. The
scope is triggered by the 20 MHz clock used by the A/D. Any
assymmetry between positive and negative portions of the sig-
nal will be very obvious. This test is an excellent indication of
slew rate capability. At the peaks of the Envelope, consecutive
samples swing completely through the input voltage range.

120 T
110
100 —
0 /
80 —
70 —
OUTPUT
CODES  ¢q _|
50 — \
40 — \ !
30 — L /
\
10 \ \
0 N/
T T T T T T T 1
0. 2 4 6 K 12 14 16 18 2
X103
NUMBER OF SAMPLES
Figure 5. Beat Frequency Test at 20 MHz
120 — —_ ——
110 —| = o _.,—" -
100 =
90 — :
80—,
OuTPUT 70 —
CODES

60 —

50 —

40 —

30 -
20

10 —

3 4 5 6 7 8 9 1.1 12 13 14 15
X103
NUMBER OF SAMPLES

Figure 6. 10 MHz Envelope Test
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APPLICATION #4: FFT Test

This test actually produces an amplitude versus frequency
graph (Figure 7) which indicates harmonic distortion and sig-
nal to noise ratio. The theorectical RMS signal-to-noise ratio for
a 7-bit converter is +43.8 dB.

FFT W/ Ts=25ns 4 MHz FUNDAMENTAL

70

69.2

65
60

55

50

45

40

35

273

30

25

db AMPLITUDE

o 1 2 3 4 5 6 7 8
FREQUENCY x10¢

Figure 7. FFT Test Using the ADC-207

ORDERING INFORMATION
MODEL TEMPERATURE RANGE SEAL
ADC-207MC 0to +70°C Hermetic
ADC-207MM -55to0 125°C Hermetic

For military devices compliant with MIL-STD-883, contact
DATEL.
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' ADC-208
@ MHEL 8-BIT, 20 MSPS

CMOS FLASH A/D

FEATURES
] L { Stock cLock
- 8-Bit Flash A/D Converter soon [ o . @om
« 20 MHz Sampling Rate v m,.f@:L 5 PR Flow
« 10 MHz Full Power Bandwidth oo o S .
- Sample-Hold not required serererence 3] o i H{o 9 S8y
+ Low Power CMOS ! é }"*‘Q&L 5
» +5V dc Operation f P i | 155 @
« 1.2 micron CMOS ko : . =
- 8-Bit Latched Three-State Out- L = || =5 s
puts With Overflow Bit woronr ? : }4»—1——@:]» = 5 [H.
- Surface Mount versions rereRCE T E Y| e
« MIL-STD-883B versions .,.Rs;snm-_w_% L 3 1 ° {7Jer
i ' ' G
APPLICATIONS f@*k@ _ | 5 )
' 1 G
- Video digitizing ws.m D — e e
- Radar ; }* o g
- High-speed digital oscillo- PINS 53 Ll [5G L
scopes 1.10. 19.5VD—— G 5o BiTs
« Medical imaging (Lss)
- Robotic vision s chvlr:A}L_l
- High-speed, low power applica-
tions &RaiRe
GENERAL DESCRIPTION i > D |
cs2(2}
The ADC-208 utilizes an advanced VLSI
1.2 micron CMOS in providing 20 MHz Figure 1. ADC-208 Simplified Block Diagram
sampling rates at 8-bits. The flexibility of
the design architecture and process de-
livers effective bit rates to 30 MHz in the ADC-208 LCC
burst mode, one shot mode conversion
times of 35 nanoseconds, low power _L !
modes to 150 mW, latch-up free opera- 3 0.0 INPUT/OUTPUT
tion without external components and op- T - CONNECTIONS
eration over the full military temperature
range. -1 PIN FUNCTION
ADC-208 0400sq. | Voo
The ADC-208 has 256 auto-zeroing com- Lce +0.010 2 CLock
parators which are auto-balanced on eve- -0.008 3 :\s;f/ﬁg%ﬁ; vss)
ry conversion to cancel out any offsets — 5  ANALOG ,Np,_ﬁ
due to temperature and/or dynamic ef- 6  REFERENCE MID-POINT
fects. These comparators sample the dif- ADC-208 DIP 7 ANALOG INPUT
ference between the analog input and the 8  ANA/DIG GND (VSS)
reference voltages generated by the pre- 9  +REFERENCE
cision reference ladder network. Parallel |—— 1.250 —-—l 0 Voo
output data and the overflow pin have oo e 11 CS1(OUTPUT ENABLE)
Three-State outputs. The overflow pin al- i :g g\s/fE &?:ch\;:'éﬂw ENABLE)
lows cascading two devices for 9-bit oper- 0610 0500 14 BIT1(MSB)
ation. tss P |ADC-208 (12,7) 15 BIT2
16. BIT3
The ADC-208 has no missing codes over _I_E cweEsTETmay 17 BIT4 1
the full operating temperature range of 18 REF3/4FS |
-55°C to +125°C. Operation is from a 0199(49) 4 ooso 19 Vpp
single +5V dc power supply. 019069 | W’WWWW (1.5) :‘1’ "B‘E_Fs‘/“ FS ‘
22 BIT6 ‘
__u__ O_OEO‘H'_ _'l |Eoo 23 BIT7 j
ooz0 @8 24 BIT8(LSB) |
©5)
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ABSOLUTE MAXIMUM RATINGS PERFORMANCE |MIN.| TYP.| MAX.] UNITS
Int. Lin. at +25°C
DESCRIPTION LIMITS UNITS (See Tech. Note 7)
(Ref. adjusted)
Power Supply Voltage -0.5t0 +7.0 Vdc End-point - - £1/2 LsB
(Voo Pin 1,10,19) Best-fit Line - - +1/2 LSB
Digital Inputs 0510455 Vdc int. R‘é}"-a‘ﬁ};‘:; d)T emp.
Analog Input 0510 +Vpp+0.5  Vdc (Ref. adj

Reference Inputs -0.5t0 +Vpp +0.5  Vdc

Best-fit Line - +1/2 H LSB
Int. Lin. at +25°C

Dlgital Ol.ltpU.tS -0.5t0 +5.5 Vdc (Ref. unadjusted)
(short circuit protected End-point - 2 25 LsB
to ground) Best-fit Line - | 16 | H1.9 LSB
Lead Temperature(10 sec)  +300 max. °C Int. Lin. Over Temp.
Storage Temperature -65 to +150 °C (Ref. unadjusted)
End-point - 2.3 +2.6 LSB
Best-fit Line - 1.8 +2.0 LsB
FUNCTIONAL SPECIFICATIONS Zero-Scale Offset _ 1 3 LSB
Apply over the operating temperature range and over the éi?ﬁe E?,rg’r 1" Transifion)| N LSB
;\)rerating power supply range unless otherwise specified (15 Differential Gain® _ 2 _ %
Hz clock, +Reference = +5V, —Reference = Ground, unless Differential Phase® _ 11 _ degree
therwise noted). "
o Aperture Delay - 8 - nSec.
Aperture Jitter - 50 - pSec.
Harmonic Distortion
ANALOG INPUTS | MINJTYP. |MAX. | UNITS (8 MHz 2nd Order Harm.) 0| 46 _ @B
Single-Ended,Non- Ref.Bandwidth - 10 - MHz
Isolated Input Range po,(,?:f Tsf,ch |N°'fas) - - 0.02 | %FSR/%/V:
dc-20 MHz 0 - | +s0 v pply Rej. ' e s
Analog Input A
Capacitance ° No Missing Codes Over the operating temperature range
gg';r}:n;ig’_'g; ° g'gipn P g POWER REQUIREMENTS
Ref. Ladder Pwr. Supply Range (+V,,)
. _ B . oo +3.5| +5.0 | +55 Vdc
::fSl?l::::e(NOte 5) 05 300 Ve 05 o\,hg::s Power Supply Current] — | +100 | +130 mA
. i DD ** Power Dissipation - 500 715 mwW
DIGITAL INPUTS
PHYSICAL-ENVIRONMENTAL
Logic Levels
Logic 1 20 - - Vdc Oper. Temp. Range
Logic 0 - - 0.8 Vdc MC/LC Grade 0 - +70 °C
Logic Loading MM/LM/883B -55 - +125 °C
Logic 1 - H 5 pA Storage Temp. Range| -65 - +150 °C
Logic 0 - + +b pA Package Types
Clock Low Pulse (DIP) 24-pin hermetic sealed, ceramic DIP
Width 15 % - nSec. (Lco) 24-pin hermetic sealed, ceramic LCC
Pins (DIP) 0.01 x 0.018 inch Kovar
DIGITAL OUTPUTS
|| Logic Levels NOTES:
Logic 1 - 45 | 50 Vdc ® Maximum input impedance is a function of clock
Logic 0 - - | 04 Vde frequency. See Technical Note 4.
L°8'°ic"1°ad'“9 ‘ _ _ A @ At full power input and chip selects enabled.
ng.'c 0 M N - A ® For 10-step, 40 IRE NTSC ramp test.
Output Data Valid
Eany rom Rising sl ol 8 | nsec TECHNICAL NOTES
Codin - "
Rosolation Siraight Binary 1. Tie all Vpp pins (1,10, & 19) together.
PERFORMANCE 2. Tie both Analog Input pins (5 & 7) together.
Sampling Rate.® 15 2 _ MSPS 3. Connect both ANA/DIG GNDs (Vss pins 4 & 8) to one
Full Power Bandwidth 10 _ _ MHz point, the ground plane beneath the converter.
Diff. Linearity at+25°C - . .
(See Tech, Note 7) 4. Input Buffer Amplifier - Since the ADC-208 has a switched-
Code Transitions - ]#05 |+0.75 LSB capacitor type input, the input impedance of the ADC-208 is
_ Center of Codes - |#0.25 - LSB dependent on the clock frequency. At relatively slow conver-
Diff. Lin. Over Temp. sion rates, a general purpose type input buffer can be used; at
Code T’?"S"W“s - |05 | +1.0 LSB high conversion rates DATEL recommends the National LH-
Canter of Codes i adl LSB 0033, the Elantec EL-2003, or the Harris HA-5002.
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Table 1. ADC-208 Output Coding

ANALOG | CODE OVER DATA | BITS | DECIMAL HEX
INPUT FLOW 1234 | 5678

0.00V Zero 0 0000 0000 0 00
+0.02 V +1LSB 0 0000 0001 1 01
+1.28V +1/4FS ] 0100 | 0000 64 40
+2.54 V +1/2 FS-1LSB 0 0111 1111 127 7F
+2.56 V +1/2FS 0 1000 0000 128 80
+2.58 V +1/2FS+1LSB 0 1000 0001 129 81
+3.84V +3/4 FS 0 1100 0000 192 Co
+5.10V +FS 0 1111 1111 255 FF
+5.12V Overflow 1 111 | 1111 511* 1FF

* Note the overflow code does not clear the data bits.
Values shown here are for a +5.12Vdc reference. Scale other references proportionally.
(+REF = +5.12V, -REF = GND, 1/4,1/2, and 3/4 Reference FS = No Connection)

5. The Reference ladder is floating with respect to Vpp and
may be referenced anywhere within the specified limits. AC
modulation of the reference voltage may also be utilized; con-
tact DATEL for further information.

6. Clock Pulse Width - To improve performance when input
signals may exceed Nyquist bandwidths, the clock duty cycle
can be adjusted so that the low portion (sample mode) of the
clock pulse is 15 nanoseconds wide. Reducing the sampling
time period minimizes the amount the input voltage slews and
prevents the comparators from saturating.

7. DATEL uses the conservative definitions when specifying
Integral Linearity (end-point) and Differential Linearity (code
transition). The specifications using the less conservative
definition have also been provided as a comparative specifi-
cation for products specified this way.

8. The process that is used to fabricate the ADC-208 elimi-
nates the latchup phenomena that has plagued CMOS devic-
es in the past. The ADC-208 does not require external pro-
tection diodes.

CAUTION

Since the ADC-208 is a CMOS device, normal precautions against
static electricity should be taken. Ground straps, grounded mats,
etc. should be employed when handling this device. Also, the Abso-
lute Maximum Ratings of the device MUST NOT BE EXCEEDED as ir-
revocable damage to the ADC-208 will occur.

CALIBRATION PROCEDURE

1. Connect the converter appropriately per the typical con-
nection circuits shown in Figure 2 or Figure 3. Then apply an
appropriate clock input. The ADC-208's reference input
should be held to +0.1% accuracy or better. Do not use the
+5V power supply as a reference without precision regulation
and high frequency decoupling capacitors.

2. Zero Adjustment

Apply a precision voltage reference source between the ana-
log input (pins 5 & 7) and ground. Adjust the output of the ref-
erence source per Table 1 for the Unipolar Zero adjustment (+
1/2 LSB). Adjust the zero trimming potentiometer so that the
output code flickers equally between 0000 0000 and 0000
0001. Ground -REFERENCE (pin 3) for operation without ad-
justment.

3. Full Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 1 for the Unipolar Gain Adjustment (+FS -
1 1/2 LSB). Adjust the gain trimming potentiometer so that the
output code flickers equally between 1111 1110 and 1111

1111. The + REFERENCE (pin 9) should be tied directly to a
+5V reference for operation without adjustment.

4. To confirm proper operation of the device, vary the pre-
cision reference voltage source to obtain the output coding
listed in Table 1.

5. Integral Nonlinearity Adjustments

Provision is made for optional adjustment of Integral Nonlin-
earity through access of the reference's 1/4, 1/2 & 3/4 Full
Scale points. For example, at the half-scale major carry, set
the input to 2.55V and adjust the reference until the code
flickers equally between 127 and 128 for a 5.12V Full Scale
input.

Figure 3 shows a typical circuit with reference adjustment
circuitry. Figure 2 shows a typical circuit where zero, gain
and Integral Nonlinearity adjustments are not used. Refer-
ence adjust pins not being utilized should be decoupled to
ground with a 0.1 uF ceramic capacitor.

CLOCK —

(Lssy

GROUND 82
CS1

CS2

(MsB)

* BUFFER RECOMMENDED !

ADC-208 Typical Connections
(Adjustment-free)

Figure 2.

Table 2. Chip Select Truth Table

CS1 | CSs2 BITS 1-8 OVERFLOW BIT
0 0 Three-State Mode | Three-State Mode
1 0 Three-State Mode | Three-State Mode
0 1 DATA Outputted DATA Outputted
1 1 Three-State Mode DATA Outputted
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THEORY OF OPERATION

The ADC-208 uses a switched capacitor scheme in which
there is an auto-zero phase and a sampling phase (Figure 1
shows the simplified block diagram of the ADC-208).

Inputs

The ADC-208 has an adjustable resistor ladder string. The
top end (+ REFERENCE), three quarters (REF 3/4 FS), mid-
point (REFERENCE MID-POINT), quarter (REF 1/4 FS) and
bottom end (- REFERENCE) are available to the user. Ina
typical operation, +REFERENCE is tied to +5V,
-REFERENCE is tied to ground and REFERENCE taps are by-
passed to ground with 0.1 mF capacitors. Since this configu-
ration results in a 0 to +5V dc input voltage range, the MID
POINT pin can be tied to a +2.5V source, the REF 3/4 FS tied
to +3.75V, and the REF 1/4 FS to +1.25V to further improve
integral linearity.

+15V

AUTO SAMPLE

ZERO

Y EACYEACYAAX:

SAMPLE SAMPLE
AUTO AUTO
gro ' Zgro N*?

) N Data I N+1DATA
a |l
15NS 15NS
MAX MAX

Timing Diagram

+5 ANA

CLOCK =

ADC 208

0
5 _2210K *
w

- owTond]
3
.

Figure 3. ADC-208 Typical Connections
(with Reference Adjustments)

Auto-zero Phase

The auto-zero phase occurs when the clock input is high (logic
"1"). During the auto-zero phase, the 256 comparator outputs
are shorted to their inputs through CMOS switches. This
serves the purpose of bringing the inputs and outputs to the
transition levels of the respective comparators.

The input to the comparators are also connected to 256 sam-
pling capacitors. The other end of the 256 sampling capaci-
tors are shorted to 256 taps of the reference resistor ladder,
via one set of CMOS switches. Therefore, during the auto-
zero phase, the sampling capacitors are charged to the diffe-
rential voltage between the reference resistor tap and its re-

spective comparator transition voltage. This eliminates off-
set differences between comparators and yields better tem-
perature performance.

Sampling Phase

The sampling phase occurs when the clock is at a low state
(logic "0"). During the sampling phase, the sampling capaci-
tors are switched from being connected to the reference lad-
der's taps to the analog input. The switches shorting the
comparator's input to output are now opened also. The com-
parators, which were- at their transition point, now set to a "1"
or "0" state dependent upon if the analog input was greater
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than the reference ladder's voltage. During the sampling
phase, the comparator's outputs are loaded into internal
latches which are the inputs for a 256 to 8 encoder.

Data Output

The ADC-208 has a "pipeline” architecture. Upon completion
of one clock cycle of the auto-zero and sampling phases,
output data from this conversion is not available until the
clock is brought high again for the next conversion's auto-
zero stage. At this time, the output of the encoder is loaded
into the output latch. To do a single conversion, the ADC-208
requires a positive pulse followed by a negative pulse fol-
lowed by a positive pulse. Continuous conversion yields one
cycle/sample (one positive pulse and one negative pulse).

The parallel output data and Overflow pin become available at
the three-state buffer output when enabled. A full-scale input
produces all "1"s on the data outputs. The OVERFLOW pin
goes "high” when the analog input level exceeds + REF minus
1/2 LSB. Table 2 shows the truth table for the chip select en-
able signals.

w5V OVERFLOW

f
BIT 1 (MSB)
512 |
REFERENCE
Re o VoD 0
® REF OF p—J
10 il
o ol o8t air2
CSt 15
r 082 8ir3
= 16
- 57 ANA IN 083 o
OPTIONAL ose (7 o
MIDSCALE 2 . 21
ADJUST —jcLock o085 aIme
12 oss 122 ez
——dcs2
oer |22 8T8
3 D88
Rer 0IG bl
G OND wse
CLOCK IN gno
o =
ANALOG
ANALOG IN o GROUND of L“—|
{4 ———1 <REF 14
o ____J
A Foryt '
a o P2
2
L2].. 1
coen oo |8
5.7 ANALOG N DB 7
2] s iy Kl
22
' OHo
Vo0
+5V 2
DB/
3 24

nerenreney PB8R 2 ]
OIGITAL
GROUND
HEFERENCE =
GROUND

Figure 4. Obtaining 9-Bit Resolution Using
Two ADC-208's

Two ADC-208's (A and B) are cascadable for applications re-
quiring 9-bit resolution (see Figure 4). Bit 1 (MSB) of the 9-bit
device is derived from the overflow pin of device A. Bits 2
through Bit 9 (LSB) are taken from the 8-bits of parallel output
data of either device A or device B. Bits 1-8 of the ADC-208s
are connected in parallel to become bits 2 through Bit 9.

The - REFERENCE of device Bis connected to the + REFER-
ENCE of device A. For inputs below 1/2 Full Scale, device A
Joes not give an OVERFLOW flag and the parallel output data
of device B is in a three-state mode. Device A provides the
ower 8-bits.  For inputs above 1/2 Full Scale, device A gives
an OVERFLOW flag, disabling device A's parallel output and
3nabling device B's parallel output.

BEAT FREQUENCY TESTING

Figures 5a, 5b, and 5c show the actual piot of some Beat Fre-
quency Tests. These tests use various clock inputs to the
ADC-208 with a full-scale sine wave input offset from the
clock frequency by an amount equal to the beat frequency.

Although the converter would not normally be used in this
mode because the input frequency violates the Nyquist crite-
ria for full recovery of signal information, the test is an excel-
lent demonstration of the ADC-208's high frequency perfor-
mance.

The effect of the frequency difference between the input and
the clock is that the output will be a sinusoidal digital data ar-
ray which "walks" along the actual input at a beat note fre-
quency. Any inability to follow the input will be immediately
obvious by plotting the digital data array. Further arithmetic
analysis may be done on the data array to determine spectral
purity, harmonic distortion, etc. This test is an excellent indi-
cation of:

1. Full power input bandwidth of all 256 comparators (Any gain
loss would show as signal distortion).

2. Phase response linearity vs. instantaneous signal magni-
tude (Phase problems would show as improper codes).

3. Comparator slew rate limiting.

CODES
E+3 5.005 MHz BEAT FREQUENCY TEST

0.26

0.0 0.2 04 0.6 08 1.0 12 14 16 18

Figure 5a. Beat Frequency Test at
Fclock = 5 MHz, Fin = 5.005 MHz

E+3 10.015 MHz BEAT FREQUENCY TEST

024 4 P /
\\ / \ / \\
0221\ / \\, i i
} } i
020{ \ / |
! ! ! ! \ /
0.18 \ ! | { | /

20

i / ) | | !
0.1 i ! { | !
\ | | ! | |
006 } / ' { | {
| / | ! ' {
0.04 \ { | ! \ /
A { 4 ! Y i
0.02 v (N N
: / N/
00 AN \/ N
00 02 04 06 08 10 12 1.4 16 18 20

Figure 5b. 'Beat Frequency Test at

Fclock = 10 MHz, Fin = 10.015 MHz
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CODES DIGITAL
E+3 16.02 MHz BEAT FREQUENCY TEST ‘CODES
0.26 15MH; CLOCK, 15 KH; ENVELOPE
SN I oz — -
02 \.‘ / \ / \‘ 024 s - N rd h
022 \\ / ) ," \\ 022
020 \ / \ l/ | 02
e / \ / \
0.16 | ! \ / i 016
0.14 '-I ,-/ I‘\ i § 0.14
| ) | ' "
0.12 L ! | / I“. 012
0.10 '\. ‘4" i | \ 04
0.08 ‘\ { "‘. / } 008
0.06 i J't “'. ,’ | 008
‘\ ! "v.’ / } 0.04
oot Y / / ‘\, ,/' \-\ 002 . P \
0.02 /! o N /l o ~. S 7
00 A\ NS AN o o1 02 03 04 05 08 07 08 09 10 12
0.0 0.2 04 0.6 08 1.0 12 14 16 18 20
OUTPUT SAMPLES
Figure 5c. Beat Frequency Test at Figure 6c. Envelope Test at Fclock = 15 MHz
Fclock = 15 MHz, Fin = 15.02 MHz
‘Cooes.
ENVELOPE TEST 20MHz CLOCK, 20KH, ENVELOPE
0.26 — o
024 // ~ o b
Figures 6a, 6b, 6¢, and 6d show the actual plot of the Enve- 022
lope Test. This test is a variation of the Beat Frequency test 02
using a sine wave input to give two overlapping cycles when 018
the data is reconstructed by a D/A converter output to an os- 016
cilloscope. An input signal offset in frequency from the Ny- 016
quist Rate will result in consecutive samples at 180 degree in- on2
tervals on the waveform. o
DIGITAL 008§
CODES
5MH; CLOCK, 5KH; ENVELOPE 0.06
0.26 e, p— 008
0.24 - - i 002 .
0.22 o —.. - - <
02 0. 0.1 02 03 04 05 06 0.7 08 09 10 11 1
0.18
ot Figure 6d. Envelope Test at Fclock = 20 MHz
:’" The scope is triggered by the clock used by the A/D. Any
- asymmetry between positive and negative portions of the sig-
o nal will be very obvious. This test is a an excellent indication
008 of slew rate capability. At the peaks of the envelope, consecu-
o0 tive samples swing completely through the input voltage
oo range.
0.02 \\ N
o S 7 S FFT TESTS
Gooer e e e 08 08 0708 08w These tests produce an amplitude versus frequency graph
‘OUTPUT SAMPLES . . . N - .
Fi 6a. Envel T Felock MH (Figures 7a, 7b, 7c, and 7d) which indicates harmonic dis-
igure 6a. Envelope Test at Fclock = 5 MHZ  oriion and signal to noise ratio. The theoretical RMS signal-
DlamaL to-noise ratio for an 8-bit converter is 49.8 dB.
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0.26 o -~ @B 5MH; CLOCK, 2MH; in, 425dB SNR
024 _/’ \\ e ~
022
02
0.18
0.16
0.14 3
0.12 %
01
0.08
0.06
0.04
0.02 .
0. See o T o
0. 0.1 0.2 0.3 04 05 06 0.7 08 09 1 11
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OUTPUT SAMPLES

Figure 6b. Envelope Test at Fclock = 10 MHz

o. 02 04 06 08 1.0 12 14 16 18 20 22 24

Figure 7a. FFT Test at Fclock = 5 MHz, Fin = 2 MHz

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356



ADC-208

AMPLITUI

10MH; CLOCK, 2MH; in, 42608 SNR @

-3

WW’J ww . “’ A

W

oo

DE
15MH; CLOCK, 2MH; in 43008 SNR

20 25

FREQUENCY

Figure 7b. FFT Test at Fclock =
Fin = 2 MHz

10 MHz,

35 40
FREQUENCY

Figure 7c.
Fin = 2 MHz

AMPLITUDE
20MHz CLOCK, 2MH;

LOW POWER MODES
Power Supply Aspect of Power Dissipation

Reduction of the Vpp power supply of the ADC-208 results in
lower power dissipation. Refer to the curve of Figure 8 for pow-
er dissipation as a function of Vpp. The limiting factor is Voo
must be greater than the TTL or CMOS output levels. Interfac-
ing to standard logic families presents little problem as the out-
put drivers go to Vi for a high state and to VSS for a low state.

BURST MODE

in, 41408 SNR

FFT Test at Fclock =

15 MHz,

Applications can utilize an inherent system clock up to 30 ! ‘
MHz in the burst mode. The system clock can generate a one “© : . . - . . . . . i
shot for a single conversion without requiring generation of a ° : ¢ C ey ’ ¢ ° ” :
separate clock at a lower frequency.
ATOZERO  AUroneRO Figure 7d. FFT Test atFclock = 20 MHz,
Fin = 2 MHz
HI POWER HIGH
LO POWER CLOCK
Low
SAMPLE SAMPLE SAMPLE
. i too (ma)
Figure 9a. Burst Mode for Low Power 200 +
e
e - 1754
e d 7
Pp (5V) Pp (3.5V) P - - 150
P - _ - :
- —m———— - 7 7 _- 125
7~ - - -
875mW — — — — — 613 mW /// ///
750 MW — — — — — 55mW ~ -
625MW — — — — — amW — 0 —— "
—— 75
500 MW — — — — — 350mwW ——
75mMW — — — — — 263mW — o 50
250mW — — — — 175mW ——
1256mW — — — — — 8mW — — — — — —— - 54 '
,{.7-"'
20 25 30 35 40 45 50 55 60
Vpp(VOLTS)

Figure 8. Power Dissipati

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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Clock Aspects of Power Dissipation

Varying the CLOCK rate or duty cycle results in lower power
dissipation. The majority of the power dissipation occurs dur-
ing the auto zero mode.

s 1
10 2 n CLOCK OUT
CLOCK IN
OUF
crouno [}
+svours [}

NOTE: Reduce the sample tlme ﬁamgle pulse) to 12 nsec. to improve
performance h a configuration will closely
resemble an |deal sampler

Figure 9b. Optional Clock Pulse Shaping Circuit

Figure 10 shows power dissipation as a function of burst rate
and repetition rate. Applications not requiring continuous
conversions can give a double clock pulse, the clock return-
ing low between conversions to reduce power dissipation.
Power dissipation is essentially eliminated when the clock
and signal input are turned off.

Ipp(mA)

80mA
70 mA 4

60 mA 4

50 mA 4
SAMPLE

1/F Rep
LATCH VALID
DATA

VF guRsT

40mA T

30 mA

20mA 1

—t—t t T t + —
01 05 1MH; 2MH;  3MH; 4MH; 5MH; 6MH;
REPITITION RATE
@-BURST RATE = 35 MH;  X-15 MHz BURST RATE  v-30 MH; BURST RATE
a-BURST RATE = 25 MH;  ®-20MH; BURST RATE

Figure 10. Power Dissipation vs. Burst Rate
vs. Repetition Rate

Figure 11 shows power dissipation as a function of the clock
duty cycle. A conversion time of 35 nanoseconds can be ob-
tained for a single conversion by leaving the clock in the Auto-
zero mode. To initiate a conversion, the clock is put in the
sample mode for 25 nanoseconds and then brought back high
to the Auto-zero mode. Data is valid 15 nanoseconds after the
clock goes high, eliminating the pipeline delay.

POWER
DISSIPATION

800 mW
700 mW
600 mW
500 mW-

400 mW

300 mW A

25 n Sec.

AUTO-ZERO I 25n Sec. SAMPLE

100 mw + + + +

200mW T

+ + + + + + +
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
CLOCK DUTY CYCLE

Figure 11. Power Dissipation vs. Duty Cycle
for One-Shot Mode

ORDERING INFORMATION
MODEL TEMPERATURE PACKAGE
RANGE
ADC-208MC 0°Cto+70°C 24-pin DIP
ADC-208MM -55°Cto +1256°C 24-pin DIP
ADC-208/883B -55°Cto+125°C 24-pin DIP
ADC-208LC 0°Cto+70°C 24-pin LCC
ADC-208LM -55°Cto +125°C 24-pin LCC
ADC-208L/883B -55°Cto+125°C 24-pin LCC

1-18  DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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FEATURES

® 8 Bits at 20 MHz

© 700 mW power dissipation
® + 1, LSB linearity

o Buffered outputs

® Single supply operation

o ECL-compatible

® Input bandwidth 5.5 MHz

GENERAL DESCRIPTION

DATEL’s ADC-300 is a bipolar monolithic
video speed, low power, 8-bit flash A/D
converter capable of digitizing an analog
signal at conversion rates up to 20 MHz
minimum with power consumption of only
700 mW.

A serial/parallel technique is employed to
obtain the high conversion speed using a
single -5.0V power source. The analog
input range is 0 to -2V (with -2V ref) and
digital inputs and outputs are ECL-com-
patible. The outputs are buffered and pro-
vide an open emitter output.

The ADC-300 is designed to operate with
an external sample and hold together with
external clock and reference sources. It is
ideally suited for applications that require
high speed digitization and low power, e.g.
CRT graphics, radar pulse analysis, motion
signature analysis and optical character
recognition.

The ADC-300 is supplied in a 28-pin DIP
and operates over temperature range of
-10 to +70°C.

APPLICATIONS

® High speed data acquisition
® Radar pulse analysis

® TV video encoding

® High energy physics

® Transient analysis

» Medical electronics

» Fluid flow analysis

» Sonar systems

OVANE[L

ADC-300
8-Bit Video
A/D Converter

Agino oV, D GROUND
Y
@ ¢ ® O
-VREF (24 F—t ——@ Bit1 (MSB)
Comparetor Qutput oL
Encoder ) B3
vn & — —-@ Bit4
(® sis
Matrix | Corrl;ga“r,a(or Output >_'® Bit6
Circuit T Buffor @ ar
+VREF — —5) sits 1s8)
I Cik Clk
Clock
Buffer
2 3
Clock  Clock
MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
inches
Unit: (mm) 0155
1.44 0074 PIN FUNCTION PIN | FUNCTION

(4) |-
(1.875) _
) 2%
3%

DATEL

ADC-300

(254) 0.100

13x0.100 = 1.300 0019

(0.5) MIN

00220009
O55)—H [P~ (32) 0125
0051 (1.3) b

BIAS (NOT TO BE CONNECTED)

28 | REF. VOLTAGE (-2.0V)

CLOCK INPUT

27_| ADJUST REF. (AR3)

CLOCK INPUT

26 | ADJUST REF. (AR2)

DIGITAL GROUND

25 | ADJUST REF. (AR1)

BIT8(LSB)

24 | REF VOLTAGE (OV)

23 | V. SUPPLY (-5V)

BIT6

22 | ANALOG GROUND

BITS

21 | ANALOG INPUT

1
2
3
=3
5
| 6lair?
7]
| 8|
| o]

BIT4

20 | ANALOG GROUND

10 {BIT3

19 | V. SUPPLY (-5V)

1 {8m2

18 | NO CONNECTION

12 [BIT1

17_| NO CONNECTION

13 | DIGITAL GROUND

16_| NO CONNECTION

14 | V.SUPPLY (-5V)

15 | DIGITAL GROUND
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ADC-300
ABSOLUTE MAXIMUM RATINGS
Supply Voltage (Vs) ....... -9.0V
Ang oy |nputg(Vm) .. Vsto+0.3V
Clockinput ............... Vs to +0.3V
Reference Voltage Input ... Vsto +0.3V
Digital Output Current . .... 10 mA
Package Dissipation....... 1.47 Watts

FUNCTIONAL SPECIFICATIONS

Typical at +25°C, Vs = -5V dc, reference volt. = -2V dc unless
otherwise stated.

INPUTS MIN. TYP. MAX. UNITS
Analog Input Range . . 0 - -2.0 Vv
Analog input Current

Vn=-1.0V.......... - 20 37 uA
Analog Input

Capacitance . ....... - 70 - pF
Ladder Impedence .... 45 50 56 Ohms
Reference Voltage -2.0V -2.10 Y
Clock Voltage 5 i -0.89 -1.04 \
Clock Voltage (0 -1.75 ~-1.90 \Y
Clock Current . 20 34 5 A
Clock Frequency ...... 30 MHz
OUTPUTS
Output Logic

(1)RL=4.3K ....... - -0.75 —-0.90 Vv
Output Logic

(0)RL=43K ....... -1.35 -1.50 - \Y
POWER
Power Requirement

RL=43K........... 110 140 160 mA
Supply Voltage ....... -4.75 -5.0 -5.25 Vv
PERFORMANCE
Resolution................ 8 Bits
Conversion Speed (Min) ... 20 MHz
Non Linearity (Max) ....... +2L.SB
Differential Non Linearity

S(Max).. ... +%LSB
Differential Gain (T xp ..... 0.7%
Differential Phase (Typ). . 0.3 Degrees
PHYSICAL/ENVIRONMENTAL
Operating Temperature

Range .................. -10°C to 70°C

Storage Temperature

Range .................. -50°C to 150°C
Package .................. 28-Pin plastic DIP

TECHNICAL NOTES

1. Analog input signals must be ‘held’ by an external sample-hold
e.g. using a DATEL SHM-40, SHM-360 or SHM-361. Careful
attention must be paid to the timing relationship between the
sample-hold transition of the sample-hold amplifier and positive
transition of the clock pulse — see timing diagram.

2. The input capacitance to the converter, pin 21, is 70 pF (typical)
and the input bias current 20 1A (typical).

3. The reference voltage, -2.0 volts, is connected to pin 28 with
pin 24, the upper end of the resistor chain, grounded. The ‘R’
value between pins 24 and 28 is 50 Ohms (typical). It is recom-
mended the reference input is decoupled using a 1 uF (tantalum)
and a 1000 pF (ceramic) capacitor located as close to pin 28 as
possible.

4. For most applications, the ADC-300 accuracy will be more than
sufficient. However where accuracy greater than that specified
is required, the VREF/4, VREF/2 and VREF3/4 points can be
trimmed using external resistors connected from pins 25, 26
and 27 to ground, pin (24), or VREF, pin (28), as required.

When pins 20, 26, and 27 are not being used, they should be
connected to ground via a 0.047 uF capacitor.

5. The printed circuit board should be laid out to have substantial
analog and digital ground planes. The ground plane separation
is required as part of the chip design and should be maintained
on the PCB. The planes should be connected at one point only,
usually power common.

6. The -5.0V supply should be decoupled using 3.3 uF tantalum
and 0.022 uF ceramic capacitors.

7. The digital output terminals are driven from open emitters. The
output current should not exceed 10 mA (4.3K Ohms are equiv-
alent to 1 mA). Table 1 shows the digital codes relating to the
analog input voltages.

8. An external complementary ECL signal source is required to
drive the clock input terminals.

9. Pin 1 must be left open and not used; pins 16, 17 and 18 are not
internally connected and should be grounded.

TABLE 1. DIGITAL OUTPUT CODES

OUTPUT CODE
STEP INPUT VOLTS (-2V FSR) MSB LSB
0 0.0000V 11 11 11 11
1 —0.0078V 11 11 11 11
2 —0.0156V 11 11 1101
127 -0.9961V 1000 0000
128 —1.0039V o1 11 11 11
129 -1.0118v 01 11 1110
255 —2.0000V 0000 0000
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TIMING DIAGRAM

(SAMPLE)
N

Sampling pulses J

—>

N+1
(HOLD) / \

- AT
N
e i) G -
S G, GENND a
TIMING DIAGRAM NOTES

1. The high comparator (MSB, Bits 2, 3 and 4) compares Vgee with
V,y on the negative transition of the clock. The timing must be
such that the sample/hold has acquired the input level and
settled in the hold mode. If T, is the time between the sample/

(b) In time T the data for MSB, bits 2, 3, and 4 become valid
where:

Te < 8 nsec.
(c) In time T¢ + T, the data for bits 5, 6, 7, and 8 become valid

hold transition to the negative transition of the clock then:
Ta > sample hold aperature delay + settling time.

2. The positive transition of the external clock should occur 4

after time T; where: T, > 22 nsec. where:

From this transition three operations will be timed.

(a) In time T the next sample/hold pulse can be sent where:
Tc > 2 nsec.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

where:
Te+ Tp < 12 nsec.

- Atthetime T, + Ty + T + T, all data outputs become valid.

The output data can be latched at this time, however, the simpler
and more reliable time to latch the outputs is the negative tran-
sition of the clock.
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CONNECTION AND APPLICATION

-5v
Note: 1. Analog input range 0to —2v.
2. Input bandwidth 5.5 MHz typical
RJRJR R4 RJR|RJR L 1
$ 32322222
i 2333$3s3 3.3uF 10.022uF
+TIT$TTTT?
4 13 20 22 24 14 19 23
-2 Volt ° 12 MS
Reference 0-022[4Fl S‘S“Fl 28 " Bn'Bz
T T 10 BIT3
9 BIT4
8 BITS
v Sample/ ” 7 BIT6
N Hoid ADC-300
SHM-361 6 BIT7
5 LsB
{ 27
26
| 25 R = 4.3K Ohms
0.047uF L] ‘
047
0.047 uF | 0 0a7,F
| 24
3 2
CIK CLK
20 MHz Clock
and
Timing Circuit
ORDERING INFORMATION
OPERATING
MODEL NO. TEMPERATURE
RANGE
ADC-300 -10°C to + 70°C

1-22 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

NOTE: For units with high-reliability processing, contact the

factory.
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FEATURES

ADC-301

o 8-Bit resolution

® Non-linearity +'2 LSB

o Conversion rate 30 MHz

® 15 MHz bandwidth

® 35 pF input capacitance

® Power dissipation 420 mW

ADC-302

® 8-Bit resolution

® Non-linearity +'2 LSB

o Conversion rate 50 MHz

® 25 MHz bandwidth

e 35 pF input capacitance

® Power dissipation 550 mW

GENERAL DESCRIPTION

These ADC'’s are video speed 8-bit flashes
capable of digitizing analog signals at con-
version rates of 30 MHz (ADC-301) and
50 MHz (ADC-302) with a power consump-
tion of 420 mW and 550 mW respectively.

The 256 clocked comparators have the
analog voltage applied to one input and a
voltage derived from the reference voltage
and reference resistors applied to the other
comparator input.

The comparator outputs are ‘anded’ with
adjacent outputs and these outputs latched
into a 6-bit encoder. These 6-bit codes
are further encoded to 8-bit codes and
latched. The final ECL output buffer stage
requires external pull down resistors, the
output being delayed from the sampling
point by the time of one clock cycle.

Output polarity of the MSB and LSB's re-
spectively can be controlled on two digital
input lines.

With a reference of -2V the analog input
range will be 0 to -2V.

APPLICATIONS

® High speed data acquisition
® Radar pulse analysis

® TV video encoding

© High energy physics

® Transient analysis

¢ Medical electronics

® Fluid flow analysis

® Sonar systems

ADC-301, ADC-302
8-Bit Video
Flash A/D Converter

VIN AN VS AN.GND DIG.GND D|G4Vs
DO 00 0@
v (27, —
i:
b 4 —
3 () i1 mse)
M D+
i, . j (10) a7 2
o
2 e (o) air3
a el (R
w 8 532 8) BIT4
v (@ ws) 8 3 gz r——o
S = -2 @ BITS
’ = kR
@ BIT
: o o
— —5) a7
,J = O L)
Ve (17
g
oLk (16 Ll
14X 1
MINV  LINV
MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
UNIT: 'h:a';gs 0.010 + 0.004
-0.002
149 02 PIN FUNCTION PIN FUNCTION
[°— @78 L o |1 | outPuT POLARITY (LiNV) | 28 [ANALOG Vs(-5.2)
g yreey == 3°~10°l 5 | DIGITAL Vs (-5.2V) 27 | REFERENCE INPUT Vt (-0V)
2800'5 83 3 | DIGITAL GROUND 26 | ANALOG Vs (-5.2V)
L 14| 2 4 |BIT8(LSB) 25 | ANALOG GROUND
' 0.100 (2.54) ] |o— T 5|BIT7 24 | ANALOG INPUT
.——-—.I 6 |BIT6 23 | ANALOG_GROUND
0019 l 7 |Bis 22 | REFERENCE Vm
osmMN— | 8 |BITa 21 | ANALOG_GROUND
R T Bren S Taeioe oot
—;Wr 10 | BIT2 19 | ANALOG GROUND
+oote | [11 o mse) 18 | ANALOG Vs(=52V)
0020 . 0005 P__—'"f" 8 11> | DIGITAL GROUND 17 | REFERENCE INPUT Vb (—2V)
’ __“ 13 | DIGITAL Vs (-5.2V) 16 | CLOCK INPUT
0.047 (1.2) 0.118
G e 14| OUTPUT POLARITY (MINV) | 15 | CLOCKINPUT
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ADC-301, ADC-302 D OV/AYNEL
ABSOLUTE MAXIMUM RATINGS TECHN'C.AL NOTES .
Supply Voltage Vs . ... . Oto -7V 1. Even with the input capacitance doygn to 35 pF, or less, the
Input Voltage (Vi) ........ 05Vto Vs converter still requires an input amplifier with good drive capa-
Referenoe oltage bility. The amplifier will require wide bandwidth and a high slew
Rets v"it ------------ 05Vto Vs rate (250V/ 1S typical) to take full advantage of the input

°:°_"‘:°' ‘ol ’9" ......... 25V bandwidth of the converter.
Digital Inputs ............. 0.5V to -4V 2. The input impedance of the A/D’s are capacitive which may
‘6:;"'" ‘gu‘t:"l';;:"' """"" (_J:iom-l: 60;:2 mA result in the input amplifier becoming unstable and cause oscil-
Operating Temperature .... -20°C to +100°C lations. A resistor with a value between 2 and 10 Ohms
Storage Temperature .. -55°C to +150°C between the amplifier and the input to the converter will stop
Allowable Power any oscillations.
Dissipation ............. 148 W

FUNCTIONAL SPECIFICATIONS

Typlcal at +25°C, Vs = -5 2V dc, Vg = -2.
otherwise stat

ov

3. Clock andClock (ECL) are usually differentially supplied to pins

16 and 15.

4. The polarity of the output data is controlled by two pola.ity

inversion inputs, MINV (pin 14) which controls the MSB alone
and LINV (pin 1) which controls Bit 2 to Bit 8 (LSB). The combi-

PERFORMANCE ADC-301 ADC-302 nation of ‘0O’s and ‘1’ on these inputs offer the user various code
options. Detailed coding is shown in Table 1. Logic level ‘0’ is
gesolution Fate iy gOB’i&sH gOB;\tASH obtained by leaving inputs open, logic tevel ‘1’ is obtained by
onversion Rate in Z Z il i iqi
Non.Linearity (Max) PR PR connecting a 3.9K Or‘1m resistor to fj|g|tal ground. . 4
Diff. Non-Linearity (Max) +% LSB +, LSB 5. The digital outputs Bits 1 to 8 require pull down resistors, in the
B:z gﬁ'a';gfﬁ’& ~~~~~~~ ag"ge (‘)g"ge range 500 to 1000 Ohms, connected to the negative supply rail
Aperture Jitter ( #) 45 pse% 30 psegc: to prevent waveform distortions by reflection.
g‘P“‘ Bgndmdtth ). 12 oMH\?v gg OMH\;V 6. The reference voltage range (-2.0V to 0V typical) determines
ower Dissipation (Typ) ... m m the dynamic range of the input voltage.
INPUTS MIN TYP. MAX. UNITS Adjustments to this range can be made within the range Vs
=2V +0.2V and V7 = 0V +0.1V. The reference input Vs (pin 17)
Reference Input should be decoupled to analog ground using 1 uF and 0.01 uF
R ‘40“399 ~~~~~~~~~~~~ -18 | -20 -22 v capacitors. Improvement in the high frequency stability can be
Rosietance ... 70 80 100 Ohms achieved by decoupling terminal Vy (pin 22) using a 0.01 uF.
Af:lalag Input 01 22 v 7. Terminal Vy is used to achieve less than a * > LSB nonlinear-
Ana?oga :p;," """"" " - - ity error. The external circuit to achieve this is shown in the
Capacitance . ....... — 35 40 pF application drawing.
m;:atlﬂngelnnpu‘ Bias 8. All pins not being used should be grounded.

ADC-301)........ - 60 90 uA 9. Substantial analog and digital ground planes must be provided.
ADC-302)........ — 75 115 nA iti ded that th d pl taken t
Offset Voltage V, ... | 7 9 11 mv is recommended that these ground planes are taken to a

Vo..... 15 17 19 mv common point, the power ground line, as close to the converter
Dlgltal Input Vo|tage as possible.
................. 0.7 -0.9 -1.0 \ . s
Vi -16 175 19 v 10. The power supplies to analog and digital inputs (-5.2V) should
Di nal Input Current be supplied from separate, isolated power supplies. If one of
?\"h-_ .1075‘<I) ~~~~~~~~ 8 s | = 8?5 mﬁ the power supplies fails or is shorted to ground for more than 1
VTN e e - m second there is a possibility the device may be destroyed. Both
OUTPUTS -5.2V lines should be decoupled using 1 uF and 0.01 uF
capacitors located as close to the pins as possible.
Digital Output Voltage
Vh (RL=620Q) ..... -1.0 — — Y
Vi(RL=620Q)...... — — -16 \
Ou;?ut Data Delay
(RL=620Q) ........ — 40 50 nsec.
POWER TABLE 1. DIGITAL OUTPUT CODES
Supply Voltage,Vs.... | 50 | -52 57 v MINV 0 0 ! !
Sugglg Curregnt LINV 0 1 0 1
(ADC-301) — -75 -100 mA 0.0000V | 1111 1111 | 1000 0000 | 0111 1111 | 0000 0000
(ADC-302) — _o5 _120 mA -0.0078V | 1111 1110 | 1000 0001 | 0111 1110 | 0000 0001
-0.9961V | 1000 0000 | 1111 1111 | 0000 0000 | 0111 1111
-1.0039V | 0111 1111 | 0000 0000 | 1111 1111 | 1000 0000
-1.9922V | 0000 0001 | 0111 1110 | 1000 0001 | 1111 1110
-2.0000V | 0000 0000 | 0111 1111 | 1000 0000 | 1111 1111
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ADC-301, ADC-302

TIMING DIAGRAM

|
N+2
N 1 |
Y — I
Analog input Vin :
I
J= 1
Clock —_— | |
CLK {—_\’:) {_
CLK | - | .
Comparator output :
Master V /i////
Slave X

<
-t + —

6 Bit latch output

<

[ )

<

8 Bit latch output

Data output Bit 1 - Bit 8 N-1

DATA VALID

X
Y
Y
W XE .

X
X

—3-d4-4-_41_.

TIMING NOTES

1. Both Clock and Clock are required and the input levels are ECL.
The timing T, and T, should be:

T, (MIN) T, (MIN)
ADC-301 25 nsec. 8 nsec.
ADC-302 15 nsec. 5 nsec.

2. The positive transition of the clock latches the comparator out-
puts into the ‘and’ gates.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

e e R SR [ U SR RN PR,

Dots (@) Indicate latch timings

3. The negative transition latches the ‘anded’ outputs into the 6-bit
encoder.

4. The next positive transition will latch the 6-bit encoder output as
well as starting the next conversion cycle.

5. The 8-bit encoder output will appear at the output pins 4.0 nsec.
(typical) T, after 6-bit encoder output has been latched on the
next negative transition of the clock.
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CONNECTION AND APPLICATION

AGnd D.Gno
ANV, DIG V.
s GND o i o it J I GND s2v
0.01uF " 3 s 5 b >
1 - —it gizezze: [
20 18.26.28 19.21.23.25 312 2.13
O {20.24 1" Bit 1 (MSB)
A Gna 10 B2
ov 9 813
» ’ . 27 =
W“Fl ADir301 . e
rev [3] 2l wg s ) ADC-302 , ous
6 Bi6
5 87
v 9 o 17
4 Bit 8 (LSB)
1 14 15 16
L1 L]
CODE # 8 Alternatively AM 1435
SELECT CLOCK
ORDERING INFORMATION
OPERATING
MODEL NO. TEMPERATURE
RANGE
ADC-301 -20°C to + 100°C
ADC-302 -20°C to + 100°C
ACCESSORIES
Part Number Description
TP 1K Trimming Potentiometer
Note: For units with high-reliability processing, contact the factory.
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8-Bit Video
Flash A/D Converter

FEATURES
® 8-Bit resolution
® Speed up to 100 MHz guaranteed
® +1,L SB linearity
® Input bandwidth 40 MHz
e Output latch and buffer
® Low input capacitance, 35 pF typical
AN.Vg AN.GND DIG Vg DIG.GND
Vin
GENERAL DESCRIPTION 055 &b
The ADC-303 is a video speed 8-bit flash v, A —37
converter capable of digitizing analog sig-
nals at conversion rates up to 100 MHz : o | |
minimum and with a power consumption 3 (2 &7 1 (MsB)
of only 1.2 watts at 100 MHz sampling rate. -
i ] — '__)D* —@ BIT2
The 256 clocked comparators have the z
analog voltage applied to one input and a 4 el s e CEE
voltage derived from the reference voltage 3 z 8 L& L) are
and reference resistors applied to the other Ym(2 up g 2 e
comparator input. 3 8 S| 5 52 9 s
The comparator outputs are ‘anded’ with & ® D‘ 3 _@ BIT6
adjacent outputs and these outputs latched e
into a 6-bit encoder. These 6-bit codes — — e
are further encoded to 8-bit codes and N t_‘[D BIT8(L56)
latched. The final ECL output buffer stage L >—
requires external pull down resistors, the Vs (3
output being delayed from the sampling Gk (20 I
point by the time of one clock cycle. oLk (21 ::1> |_1
Output polarity of the MSB and LSB's respec- 06
tively can be controlled on two digital input MINV (INV
lines.
With a reference of -2V the analog input
range will be 0 to -2V.
APPLICATIONS
® High speed data acquisition
© Radar pulse analysis
o TV video encoding MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
® High energy physics
® Transient analysis UNIT IN(SP:AES P FuncTion o FuncTIoN
® Medical electronics 13 B e
© Fluid flow analysis ———(53.9) MAX w—<| | oo 3 o @ [ve
® Sonar systems TR R lgj{[—x 025 B T T R ) P e
e S5 09 e o
053 s Jers 2¢ [ weor
(13.5) X wlers 33 | ANALOG GROUND
) (09 Max P W o7 3 Jeesemencee
oo 51 [Anacos croume
4 5 o2 30 [meur
WI s B ey T —
0.100 (2.54) 0.01 15 | DIGITAL GROUNI 28 | N
L‘— @54 (0.46) .“._ 0.145 6 mc,nnmnounz 27 WZ
L——Jm e e s e
wlor > eserencrverzor
21 | Cix 22 |NC
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ABSOLUTE MAXIMUM RATINGS TECHNICAL NOTES )
Power Supply — Vs......... Oto -7V 1. Even with the input capacitance down to 35 pF, or less, the
Analog Input (Vin) ......... +05Vto Vs converter still requires an input amplifier with good drive capa-
Reference Voltage bility. The amplifier will require wide bandwidth and high slew
V‘;*V‘v; Vool ;%SV to Vs rate (250V/ uS typical) to take full advantage of the 40 MHz
:;','P'i:' frﬂ'.e,:li atVi - 6‘3 \r/n Ato +ng A bandwidth of the converter.
igital Inputs ... .5V to -4. 2. The input impedence of the A/D is capacitive which may resuft
8'3:::"3“' :,:‘g_”"e'.' ‘25‘(’):(:1?0"},“1 00°C in the input amplifier becoming unstable and cause oscillations.
Storage '?emp, Lo .. -55°C to +150°C A resistor with a value between 2 and 10 Ohms between the
Power Dissipation . ........ 3.1 Watts amplifier and the input to the converter will stop any oscillations.
3. Clock and Clock (ECL) are usually differentially supplied to pins
FUNCTIONAL SPECIFICATIONS. 20 and 21. However a single clock input can be used if a 1000
Typical at +25°C, Vs = -5.2 V dc, Vs = -2.0V unless otherwise pF capacitor is added between pin 20 (clock) and pin 16 (digital
stated. ground).
4. The polarity of the output data is controlled by two polarity
ELECTRICAL inversion inputs, MINV (pin 18) which controls the MSB alone
PERFORMANCE MiN. TYP. | MAX. | UNIT and LINV (pin 3) which controls bit-2 to bit-8 (LSB). The combi-
- nation of ‘0's and ‘1" on these inputs offer the user various code
ﬁ‘%'l‘“{’c'::’a"cs::‘%é ~~~~~~~~~ 100 b o g”FHZ options. Refer to the coding table. Logic level ‘0’ is obtained by
Input Bias Current leaving inputs open, logic level ‘1" is obtained by connecting a
(Vin=-1V) ...l — 150 220 | mA 3.9K Ohm resistor to digital ground.
sgam::?ﬁéégs'{é,;éé """ 18|20 ) 22 5. The digital outputs, bits 1 to 8, require pull down resistors, in
(VrtoVp) .............e 70 80 100 Ohms the range of 500 to 1000 Ohms, connected to the negative
Offset Voitage ¥T e 164 197 g mx supply rail to prevent waveform distortion by reflection.
m
Digital Input Voltaage Vi ... |07 -0.9 -1.0 v 6. The reference voltage range (-2.0V to OV typical) determines
i Vi ... |-16 175 | 19 | v the dynamic range of the input voltage. Adjustments to this
Di “"1!“"“" Current o _ 0a | ma range can be made within the range of Vg = 2 0.2V and V; =
Vi Tyg: e _ 035 | mA OV +0.1V. The reference input Vg (pin 23) should be decoupled
Digital 8utput Voltage to analog ground using 1 uF and 0.01 wF capacitors. Improve-
RL=620)VoH........... -1.0 - 6 ¥ ment in the high frequency stability can be achieved by decou-
OL «vvveenenns — _— =1 H i i H
Integral Non-Linearity pling terminal Vy, (pin 32) using a 0.01 uF.

100 Ml'lrz‘) ........... - - % Ls8 7. Terminal V,, is used to achieve a less than t%. LSB linearity
Dm‘(’;;"',"","z) on-Linearity | _ +v | LsB error. The external circuit to achieve this is shown in the appli-
Ditferential Gain........... | — - 15 % cation drawing.

2:::_‘;:‘:;‘3"52?“ S 5 05 Ssee?é 8. All pins not being used should be grounded.
Supply Voitage............ -5.2 -52 5.7 \ 9. Substantial analog and digital ground planes must be provided.
Supply Current............ -180 | -220 | 260 | mA It is recommended that these ground planes are taken to a
Output Data Delay........ 3.0 3.5 4.2 nSec common point, the power ground line, as close to the ADC-303
(RL=620) | i - s s as possible.
Sampling Delay........... : : 2 noee 10. The power supplies to analog and digital inputs (-5.2V) should
be supplied from separate, isolated power supplies. If one of
the power supplies fails or is shorted to ground for more than 1
second there is a possibility the device may be destroyed. Both
-5.2V lines should be decoupled using 1 uF and 0.01 uF
capacitors located as close to the pins as possible.
DIGITAL OUTPUT CODES
MINV 0 0 1 1
LINV 0 1 0 1

0.0000V 1111 1111 1000 0000 | O111 1111 0000 0000
—-0.0078V 1111 1110 1000 0001 0111 1110 | 0000 0001

-0.9961V 1000 0000 | 1111 1111 0000 0000 | O111 1111
—1.0039V o111 1111 0000 0000 1111 1111 1000 0000

—1.9922v 0000 0001 0111 1110 | 1000 0001 1111 1110
—2.0000V 0000 0000 | O111 1111 1000 0000 | 1111 1111
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TIMING DIAGRAM

Analog input

Clock

Comparator output

Master (

|
L
Slave [}
L \
|
N

6 Bit latch output

24
/V‘

8 Bit latch output

Dataoutput Bit 1 -Bit 8

S

-4-4-4-14-A
><
/

i !
DATA VALID X N : x N+ 1
I

Dots (e) Indicate latch timings

l
!

TIMING NOTES
1. Both Clock and Clock are required and the input levels are ECL. 4. The next positive transition will latch the 6-bit encoder output as
The timing T, and T, should be T, min. = 7.5 nsec. T, min. = 2.5 well as starting the next conversion cycle.
nsec. 5. The 8-bit encoder will appear at the output pins 3.5 nsec. (typi-
2. The positive transition of the clock latches the comparator out- cal) T, after 6-bit encoder output has been latched on the next
puts into the ‘and’ gates. negative transition of the clock.
3. The negative transition latches the ‘anded’ outputs into the 6-bit
encoder.
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PERFORMANCE CURVES
Digital Output Voltage Input Bias current
-0.5 200
]
-09 150
<
>6 < \
T 13 > 100
o =
>
-1.7 50
-21 0
-25 0 25 50 75 100 -25 0 25 50 75 100
Ta(C) Ta(°C)
Input Bias Voltage-Analog Input
C it: .
Maximum Conversion Rate apacitance (typ.)
120 40
100 \\ \\
N \ 30
I
2 o
& -
5 &
T 60 z 20
O
40
10
20
-25 0 25 50 75 100
Ta(°C) 0
0 -1 -2
Input DC Level (V)
Supply Voltage-Maximum Conversion
Frequency (typ.) SNR
120
50
//' \4&.
™ — ]
> \s = 81.92 MHz
3 40
2 @ AN
X 80 g fs = 102.4 MHz
13 ['4
o P4
= 7}
30
60
20
40 0 10 20 30 4
45 5.0 5.5 6.0 fin (MHz)

-vsv)
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PERFORMANCE CURVES

Spectrum with the aid of FFT at 102.4 MHz
Effective bit sampling and 10.1 MHz input.

(dB)

] F sample — 102.4000 (MHz)
8 0.0 Fin — 25.1000 (MHz)
1024 Points FFT

-20.0 1 SNR - 38.68 (dB)
Eff Bit — 6.35 (bit)

fs = 81.92 MHz

-40.0

l\\ -60.0 1

-80.0

fs = 102.4 MHz

Effective bit

' + + + -
5 0.00 10.00 20.00 30.00 40.00 50.00
0 10 20 30 40 (MHz)
fin (MHz)
Recon}wmod wavo;lorm. 102.4 MHz
sampling, 10.1 MHz input. Spectrum with the aid of FFT at 102.4 MHz
F sample = 102.400 (MHz)  Fin = 10.000 (MHz) sampling and 25.1 MHz input.
(dB)
0.0 F sample = 102.4000 (MHz)
01 Fin = 25.1000 (MHz)
1024 Points FFT
_ ] SNR = 30.60(dB)
20.0 1 Efi Bit = 6.35 (bit)
-40.0 4
-60.0 4
-80.0

b T T T Y v
0.00 10.00 20.00 30.00 40.00 50.00
(MHz)

0 200 400 600 800 1000

Reconstructed waveform with the best
fg:d;:\e.wa:‘e. 102.4 MHz sampling, Envelope test waveform at 41.04 MHz
. 1z input. input and 81.92 MHz sampling.
Fsample = 102.400 (MHz)  Fin = 25.100 (MHz) F sample = 81.920 (MHz)  Fin = 41.040 (MH2)
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CONNECTION AND APPLICATION

ANV, A Gnd D Gnd DIGV..
1uF 1uF
s GND 2l 4 ) GND sav
001uF 4 4 < <
3333 I—
g i oow!-—‘ FTT 2
20 125.26.38.39 29.31.33.35 56.15.16 4.17
O | 34 4 Bit 1 (MSB)
A Gnd 13 an2
12 813
o ’ ’ < f a1
0.01uF 1" Bita
R ADC-303
Rg;v ES g 1K 3 5‘5,:<I » 10 BitS
3 9 Bi16
8 Bt
v ¢ s 23
7 Bit8 (LSB)
3 18 20 21
l l 8 - 620 Ohms
CODE 100 MHz *+ Alternatively AM 1435
SELECT CLOCK
ORDERING INFORMATION
OPERATING
MODEL NO. TEMPERATURE
RANGE
ADC-303 -20°C to +100°C
NOTE: For units with British Standard BS-9000 or other high-
reliability processing, contact DATEL.
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FEATURES

8-Bit resolution.

+ %2 LSB non-linearity.

20 MHz conversion rate.

8 MHz input bandwidth (-3 dB).

Low power consumption (390 mW).
TTL-compatible.

Single or dual supply operation.

APPLICATIONS

High-speed data acquisition.
Radar pulse analysis.

TV video encoding.

High energy physics.
Transient analysis.

Medical electronics.

Sonar systems.

GENERAL DESCRIPTION

DATEL's ADC-304 is an 8-bit, 20 MHz analog-to-digital flash
converter. The ADC-304 offers many performance features not
obtainable from other flash A/D’s.

Key features include a low-power dissipation of 390 mW and
TTL compatible outputs. A wide analog input bandwidth of
8 MHz (-3 dB) allows operation without the need of a sample-
hold. Also, single +5V supply operation is obtainable with an
inputrange of +3to +5V, eliminating the need for an additional
power supply. A 0 to —2V input range is available with +5V
supply operation.

Another novel feature of the ADC-304 is its user-selectable out-
put coding. The MINV and LINV pins allow selection of Binary,
Complementary Binary and if external offset circuitry is used
for bipolar inputs, Offset Binary, Two’s Complement and Com-
plementary Two’s Complement coding.

The ADC-304 is supplied in a 28-pin dual in-line package and
operates overa —20°C to +75°C temperature range. Storage
temperature range is from -65°C to +150°C.

ADC-304

8-BIT, 20 MHz
LOW POWER, FLASH A/D

2561024 BIT ENCODER
LATCH

M
]

24108 BIT ENCODER

l

—@os
oy
- o
'__" ano.
1 I 5V
-
’ &
g
T .—.1 % — -sav
HRE
c
3Mz s
2 7)-s
L5
°
v
N —
oo
1 ()
— ore
s

Bty
msa)

Figure 1: ADC-304 Simplified Block Diagram
Table 1. ADC-304 Input/Output Connections

Pin Function Pin Function
1 | BIT 1 OUT (MSB) 15 | BIT70UT
2 | BIT20UT 16 | BIT 8 OUT (LSB)
3 | BIT3OUT 17 | CLOCKINPUT
4 | BIT40OUT 18 | VRT
5 | DIG GND 19 [ ANAGND
6 | +5V POWER (Vcc) 20 | NO CONNECTION
7 | -5.2VPOWER(VEg) | 21 | ANAIN
8 | —-5.2VPOWER(VEE) | 22 | NOCONNECTION
9 | -5.2VPOWER(VEE) | 23 | ANAIN
10 | +5VPOWER (Vcc) 24 | NOCONNECTION
11 | DIGGND 25 | ANAGND
12 | LINV 26 | VR
13 | BIT50UT 27 | VRm
14 | BIT6OUT 28 | MINV
MECHANICAL DIMENSIONS
INCHES
(mm) a4 vom o 0.009 jog‘m
@661%) oo coxe (028 am)
0o (1823 ‘
28 15 !
Bnonnonnnnnaonn S ==
o 1 o
T ] de.
(254) (15.24)
0.02
002 + 0004 .
(055 1 0.1) __H__ (0.05 min)
P 0177 * 3%
N L (4515
0.05 + 0.006 13
(13 £ 0.5) o miny
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ADC-304
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)
Supply Voltage | Vcc-GND Oto +6 )
Vee-GND Oto —6 \/
Input Voltage | Vin
(analog) (Dual Power Supply) | VEe to ANA GND +0.3|V

Input Voltage | VRT, VR8, VRM
(reference) (Dual Power Supply) | VEe to ANA GND +0.3 |V
2 \'/

| VRT—VRs |
Input Current  |IVRm -30to +30 mA
Input Voltage |Digital Inputs -05to VCC \

FUNCTIONAL SPECIFICATIONS

Unless otherwise noted, the following specifications apply to
the ADC-304 when used either with a single or dual power
source. The test conditions are:

For Single Power Supply Operation:
Vee (Pins 6 + 10) = +5V, DIGGND = 0V
Vee (Pins 7,8 + 9) = OV, VRr(Pin18) = +5V
VRs (Pin26) = +3V, Ta = 25°C
ANA GND (Pins 19 + 25) = +5V

For Dual Power Supply Operation:
Vce (Pins 6 + 10) = +5V, DIG GND (Pins 5 + 11) = 0V
ANAGND = 0V, Vee = -5V
VRr (Pin 18) = OV, VRs (Pin 26) = -2V

Ta = 25°C
DESCRIPTION [ min. | tve | max. | units
Inputs
Analog
InputRange ............... VRB VRT Vv
Input Capacitance! . ......... - 30 35 pF
Input Bias Current2. ... ...... - 50 100 uA
Offset Voltage:

(VRT) oot 8 13 19 mvV

(VRB) ... 0 5 1" mVv
Digital
Logic Levels:

Logic “1” ...... .. ... ..... 20 - - \"

Logic “0”................ - - 08 \"
Logic Input Currents3:

Logic ™" ... ............ - -100 0 uA

Logic “0”................ - -0.32 -05 mA
Outputs

Resolution 8 Bits
Output Coding Straight Binary
Complementary Binary
2’'s Complement
Complementary 2’s
Complement

Logic levels:

Logic™1” ................ 27 34 - \Y

Logic“0”................ - - 0.5 Vv
Logic Level Loading:

Logic“1” ................ - -500 - uA

Logic “0”................ - - 3 mA
Output Data Delay

(TDLH). ... ... ... - 25 30 nSec.

(TDHL). ................. - 26 35 nSec.
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TECHNICAL NOTES
1. DIG GND pins (5 and 11) and Vcc

pins (6 and 10) connect to separate
internal circuits within the ADC-304.
Connect these pins to their respective
PCB patterns.

2. Layout of the analog and digital sec-

tions should be separated to reduce
interference from noise. To further
guard against unwanted noise, it is
recommended to bypass, as close as
possible, the voltage supply pins
(6,10) to their respective ground pins
(5,11) with a 1 uF and a 0.01 uF cer-
amic disk capacitor in paraliel.

3. The input capacitance of the analog

input is much smaller than that of a
typical Flash A/D Converter. It is
necessary to use an amplifier with
sufficient bandwidth and driving
power. The analog input pins (21,23)
are separated internally, so they
should be connected together exter-
nally. If the ADC-304 is driven with a
low- output impedance ampilifier,
parasitic oscillations may occur.

These parasitic oscillations can be
prevented by introducing a small
resistance of 2 to 10Q between the
amplifier output and the ADC-304’s
A/D input. This resistance must be of
very low value of inductance at high
frequencies.

Note that each of the analog input
pins are divided in this manner with
these resistances. Connect the driv-
ing amplifier as close as possible to
the A/D input of the ADC-304.

. The voltage between VRT (pin 18)

and VRB (pin 26) is equivalent to the
dynamic range of the analog input.
Bypass VRB to ANA GND (pins 19
and 25) by means of a 1 uF and 0.01
uF capacitor in parallel. To balance
the characteristics of the ADC-304 at
high frequencies, bypass VRM (pin
27) with a 0.01uF capacitor to ANA
GND (pins 19 and 25).

Also, VRM (pin 27) can be used as a
trimming pin for more precise linear-
ity compensation. A stable voltage
source with a potential equal to —FSR
and a 1 KQ potentiometer can be con-
nected to VRM (pin 27) as shown in
Figure 3 for this purpose.

. Separate the clock input, CLK (pin 17),

from other leads as much as possible,
observing proper EMI and RFI wiring
techniques. This will reduce the
inductive pick-up of this lead from

interfering with the “clean’” operation
of the ADC-304.
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Performance MIN. TYP. MAX. | UNITS TECHNICAL NOTES (CONT.)
Conversion Rate4 ........... 20 - - MHz 6. The analog inputsignalis sampled on
Non-Linearity .............. - - +1/2 LSB the positive-going edge of CLK. Cor-
Differential Non-Linearity . . . .. - - +1/2 LSB responding digital data appears atthe
Differential Gain Error5 . . . .. .. - - 15 % output on the negative-going edge of
Differential Phase Errors. . . . .. - - 05 Degrees the CLK pulse after asmall delay of 35 g
Aperture Delay. . ............ 5 7 9 nSec. nSec. maximum (TDLH, TDHL). 1
Aperture Jitter . ... .......... - 30 - pSec. Refer to the Timing diagram, Figure 4,
Clock pulse width: Tpwi ... .. 35 - - nSec. for more information.
Towo ... 10 - - nSec. 7. Connect all free pins to ANA GND
Reference (pips 19 and 25) to reduce unwanted
Reference Pin Current ... .. .. - 15 18 mA noise.
Rifve;;ntt‘:)evF;‘eBs)lstance ) 130 . ohms The analog input range is equal to a
Reference Input (Dual Supply) 2V spread. The voltage on VRT-VRs
(VRT) pPly —01 0 +01 i will equal 2V. The connection of VRT
(VRe) ... -1 ‘8 ~20 M 2’ 2 v and ANA GND is 2V higher than VRs.
"""""""""" . i . Whether using a single or dual power
Power Supply Requirements supply, the analog input will range
Single Power Supply from the value of VRT to VRe. If VRT
Supply voltage equals +5V, then VRB will equal +3V
VEC) 475 - 5.25 v and the analog input range will be
(VEE) ..o, - 0 - .V from +5to +3V.
Supply Current:
(ICC+IEE).............. - 7 88 mA SINGLE SUPPLY
Power Dissipation .. ......... - 360 442 mw OPERATION ADC-304
Dual Power Supply
Supply Voltage:
vee) oo 4.75 50 5.25 \
(VEE) ... -475 | -52 -55 ' (25) mvacno
Supply Current
ICC) ...... ..o - 10 14 mA
(EE) .........c.oiin... - 62 75 mA
Power Dissipation . .......... - 390 440. mW VRs
Physical/Environmental
Operating Temperature. . . . . . . -20 - +75 °C
Storage Temperature ........ -55 - +150 °C
27 ) VRm
Footnotes: I
1. Vin = 4V + 0.07 VRMms for single power supply ut
Vin = -1V + 007 VRMms for dual power supply
2. Vin = 4V for single power supply
Vin = -1V for dual power supply
ic ‘1" = DUAL SUPPLY
s tgg:g g 25TV OPERATION ADC-304
4. fin = 1 KHz, ramp
5. NTSC 40 IRE-modulated ramp, FC = 14.3 MSPS (255 ANA GND

o

2

i~ 0o1

/ ! uf

Figure 3: Improving Linearity
Compensation
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N+ 1
N
Analog Input /l"—/]/_- N +2
TPWO o=
TPW1
Clock —/ l\_/ )
| | | I
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Outpst t m m

6-Bit Latch Output

X

N Data Valid

<

N + 1 Data Valid
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Figure 4: ADC-304 Timing Diagram

Data Output ¥ -
Bits 1-8 N-1 Data Valid X
—{ TDLH
. |TDHL
|
THEORY OF OPERATION

The ADC-304 consists of 4 sections: the resistor string, the
comparator latches, the encoder, and the latchable output
buffer. Refer to the block diagram (Figure 1) and timing diagram
(Figure 4) as needed.

The reference resistor string consists of 256 equal value resis-
tors with 256 internal taps and 3 external taps. The external taps
are represented as VRT, VRB and VRM. VRT is the top of the
resistor string, VRM is the mid point of the resistor string and
VRs is the bottom of the resistor string. VRM can be used as
a trimming pin for an improved linearity specification. See
Figure 3 for more information.

The 256 internal taps feed 256 comparator inputs. The refer-
ence voltage is applied to the +(positive) input side of the 256
clocked comparators. The analog input is applied to the
— (negative) input of the comparators. The comparator section
consists of 2566 comparators which compare the analog input
signal to the voltage at the reference ladder’s resistor taps for
each comparator. All the comparators’ clock (CLK) inputs are
tied together so they are clocked simultaneously.

The comparison between the reference ladder taps and input
voltage is made on the positive going edge of the clock. The
latched comparator output then goes to the Latch/256-to-24 bit
encoder. Each of the four groups of 64 comparators are
encoded once into 6-bit data. The four 6-bit data groups are
then encoded to the 8-bit output data word. This latch is ena-
bled when CLK is high and the latched comparator outputs pro-
ceed through the 256-to-24-bit encoder, the 24-bit-to-8-bit
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encoder, and the Exclusive-OR gates to the input of the output
latch. The output latch, with the clock in a high state, has the
previous conversion latched. The clock is required to be high
for a minimum of 35 nSec.

Upon the clock going low, the latch shown on the block diagram
with the 256 to 24 bit encoder is latched. This allows the com-
parators to be in the sampling mode in preparation for the next
conversion. The now latched and encoded data word proceeds
into the output latch which became enabled with the clock
going low (10 nSec. minimum required). The data will be ready
at the output 35 nSec. maximum after the negative edge of the
clock.

Output coding of Binary, Complementary Binary, and if exter-
nal offset circuitry is used, Offset Binary, Two's Complement
and Complementary Two’s Complement is selectable using the
MINV and LINV pins. The most significant bit is Exclusive OR-
ed with an external pin labeled MINV.

This pin allows for inversion of the MSB, simply by applying the
correct logic level to MINV. The remaining 7 bits are exclusive
OR-ed with an external pin labeled LINV. This pin allows for
inversion of the 7 LSB’s, by applying the correct logic to LINV.
Both MINV and LINV have TTL-compatible inputs. Refer to
Tables 2 and 3 for appropriate connections.
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APPLICATION CIRCUITS

+sv +sv esv
Bit (MSB) MINV aut (MS8)
811 2 O 81t 20—
813 O0—— ] p————o0+3v 813 0t -
Bl 4 O 84—
Vin
f————o
Analog input Analog input
+5t0 +3Vv Oto —2V
(TTL level) (TTL level)
LINV LINV
CLK CLK
o L —————O0
(TTL level) (TTL level)
Bit BuiS
Bit6 Bi6
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Figure 7: Typical Circuitry for +5V and +12V Power Supply Operation
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Table 2.

Output Coding for +5V Power Supply Operation
(+5 to +3V Signal Input)

Straight Complement2’s 2's Complement

Binary pl t Compl Binary
Uninol MINV 0 0 1 1
Scale LINV 0 1 0 1
+FS -1LSB| +4.9922V ERARRA RN 10000000 01111111 00000000
+7%FS +4.7500V 11011111 10100000 01011111 00100000
+3%FS +4.5000V 10111111 11000000 00111111 01000000
+%2 FS +4.0000V 01111111 00000000 11111111 10000000
+Ya FS +3.5000V 00111111 01000000 10111111 11000000
+%FS +3.2500V 00011111 00100000 11011111 11100000
+11LSB +3.0078V 00000001 01111110 10000001 11111110
Zero +3.0000V 00000000 01111111 10000000 11111111

Table 3. Output Coding for + 5V Power Supply Operation
(0 to —2V Signal Input)

Straight Complement 2’s 2’s Complement

Binary Compl! t pl Binary
Uniool Min. V 0 0 1 1
Scale Lin. Vv 0 1 0 1
0 ov 11111111 10000000 01111111 00000000
-1LSB -7.813mV 11111110 10000001 01111110 00000000
-%FS -250.00mV | 11011111 10100000 01011111 00100000
~-%FS -500.00 mV 10111111 11000000 00111111 01000000
-% FS -1.0v 01111111 00000000 11111111 10000000
-%FS -1.5V 00111111 01000000 10111111 11000000
-7%FS -1.75V 00011111 00100000 11011111 11100000
-FS + 1LSB| -1.9922Vv 00000000 01111111 10000000 11111111

sy
-
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Figure 8: Typical Circuitry for +5V and +12V Power Supply Operation

ORDERING INFORMATION
MODEL DESCRIPTION
ADC-304  8-bit, 20 MHZ, Low-power, flash A/D

For higher reliability versions, contact the factory
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FEATURES

o 10-Bit resolution

® 20 MHz conversion rate
o Very low power 360 mW
o Buffered output

e ECL-compatible

o Input bandwidth 10 MHz

GENERAL DESCRIPTION

The ADC-310 is a bipolar monolithic 10-
bit video analog to digital converter capable
of digitizing analog input signals at con-
version rates up to 20 MHz minimum with
a typical power consumption of only 360
mW.

A serial/parallel technique is used to obtain
the high conversion speed using dual power
source of +1.6 volts and -5.0 volts.

The analog input range, with -2V reference,
is OV to -2V and digital inputs and outputs
are ECL compatible with outputs buffered.

The converter is designed to operate with
an external sample and hold (SHM-40, or
similar) together with external clock and
reference source.

The ADC-310 is packaged in a 28 pin DIP
and operates over temperature range
-20°C to +75°C.

APPLICATIONS

® High speed data acquisition
® Radar pulse analysis

® TV video encoding

® High energy physics

» Transient analysis

» Medical electronics

» Fluid flow analysis

» Sonar systems

A=

ADC-310
10-Bit Video
A/D Converter

+1.5V AcAND -V Dgano
Ve (B3 S .-.@ 81t 1(MSB)
= R
Comparator Output m
ang — Butter b—e{10) 813
Encoder
— b—-e{9) Bua
Vin ‘91/7 —18) Bus
—i b—e{7) 816
Low
Matrix Comparator Output 6 o7
Curcurt N and — Buffer —5) 818
Encoder
— —fd) Bu9
+Vaee (19 —{3) Bui0usE)
l Cik Cik
Clock
Buffer
1 2
Clock Clock
inches
Unet: (mm)
140 0012
0.3)
13556) o PIN FUNCTION PIN FUNCTION
l :’0"2‘: 1 | ckinput 28 | INTERNAL CONNECTION - LEAVE OPEN
2 | EIKNPUT 27 | INTERNAL CONNECTION - LEAVE OPEN
DATEL _
ADC-310 -l g¢ g S 3 |emionss 26 | INTERNAL CONNECTION - LEAVE OPEN
2 °= © = 4 |BIT9 25 | INTERNAL CONNECTION - LEAVE OPEN
}__ 1610085 s |ers 24 | +1.5VOLT SUPPLY
6 |Bir7 23 [ ~2.0VOLT REFERENCE SUPPLY
13x (254 = 33.02) (07610030
0100=1300 7 |eme 22 | VREF ADJUST3
o051 8 _ HES 21 | VREF ADJUST 2
Sx 1
28§
03 =< 3 HED 20 | VREF ADUUST 1
7 10 |eir3 19 [ 0VOLT REFERENCE SUPPLY
WW | es 1 [er2 18 | INTERNAL CONNECTION - LEAVE OPEN
0050 12 | Bir 1 Msey 17 | ANALOG NPUT
nan
19 (76210300 13 | ANALOG GROUND 16 | ANALOG INPUT
(046
:mu: o1es 14 | DIGITAL GROUND 15 |. - 5.2 VOLT POWER SUPPLY

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

1-39



D O/ANEL

ADC-310
ABSOLUTE MAXIMUM RATINGS
Supply Voltage Vs . ........ Oto -7.0V
Supply Voltav Vee.ooonnn Oto +2.5V
Analog Input Voltage . ... .. Vs to 0.3V
Reference Voltage......... Vsto 0.3V
Digital Output Current . . ... 0to -20 mA
Power Dissipation......... 1.23 Watts
Storage Temperature .. .. .. -55°C to +150°C
‘ Operating Temperature .... -20°C to +75°C

FUNCTIONAL SPECIFICATIONS.

Typical at +25°C,Vg = —5.2V dc, Vec = +1.6, Vref = —2.0 Vdc

unless otherwise stated.

PERFORMANCE

Resolution................ 10 Bits

Conversion Rate (Min) .. ... 20 MHz

Integral Non-Linearity. .. ... +1.75LSB

Differential Non-Linearity .. +1.75LSB

Input Bandwidth .......... 10 MHz

INPUTS MIN. TYP. MAX. UNITS

Input Voltage........ 0 — -20 Vv

Input Bias Current. ... — 40 80 A

Input Capacitance.... — 230 — oF

REFERENCE

Current............. — -125 -14 mA
Rl ................ -049 -05 -0.51 \"

VR2................ -099 -1.0 Vv

VR3................ -149 -15 -1.51 \

VREF............... -1.90 -20 -2.10 \'

CLOCK

Bias Current...... ... — 5 8 MA

OUTPUT

Digital (high) ......... -09 — — \

Digital (low) .......... — — -15 "

POWER

-5.0V £0.25V....... —_ 55 80 mA

+1.6V to 2.1........ —_ 17 25 mA

TECHNICAL NOTES

1. Analog input signals must be ‘held’ by an external sample/hold
e.g. DATEL SHM-40, with careful attention being paid to the
timing relationship between the sample/hold transition of the
sample/hold amplifier and the positive transition of the clock
pulse — see timing diagram.

2. Analog input, pins 16 and 17, must be linked externally. The
input bias current is 15 1A typical.

3. The -2.0 volt reference voltage is connected between pins 23
(-2V) and pin 19 (analog ground). The ‘R’ value between pins
19 and 23 is 200 Ohms (typical).

4. The reference input should be decoupled using 0.1 uF capac-
itor located as close as possible to pin 23. It is also recom-
mended that the external connections to the resistor network,
pins 20, 21 and 22, are also decoupled using 0.1 uF capaci-
tors whether they are used or not.

5. For most applications, the ADC-310 accuracy will be more
than sufficient. However, it is possible that some improvement
may be achieved at the " ‘full-scale’, ' ‘full-scale’, and the %
‘full-scale’ points by connecting external resistors from pins 20,
21, and 22 to analog ground pin 19, or to VREF (pin 23).

6. The printed circuit board should be laid out to have substantial
analog and digital ground planes. The planes should be con-
nected at one point only — usually power common and as
close to the source as possible.

7. Internal pull down resistors (10K Ohms typ.) to the digital output
terminals are provided. However, to boost the transition, exter-
nal resistors greater than 3K Ohms can be added.

8. An external complementary ECL signal source is required to
drive the clock input terminals pins 1 and 2.

The -5.0V power supply and +1.6V power should be decoupled
using 3.3 uF tantalum and 0.022 uF ceramic capacitors. Mount
these components as close as possible to pins 15 and 24.

10. Under no circumstances must external circuits be connected to
pin 18 and pins 25 to 28. These five terminals must be left
open circuit.

©
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TIMING DIAGRAM

V> | sample N+1
VN Sample N +2
Vi
Analog Inpu/ "\
P = =
Sampling Pulse
Sample N+1
Sample N Sample N +2
Sample/Hold Output
Ta
1 TA
— PR
Clk
Clock _——\
Tk
L
TJ
T

T,

T,

N N+1
Data Valid DATA VALID

TIMING DIAGRAM NOTES
I. The timing must be set such that the negative transition of the 4. The second half cycle of the clock must not be less than 20

clock (clk) occurs time T, after the sample pulse, and the time T, nsec.
being greater than sample/hold aperture delay and settling time T, = 20 nsec.
Te=TA 5. Data becomes valid in not less than 15 nsec. after the first clock
' The first half cycle of clock must not be less than 22 nsec. cycle.
T, = 22 nsec. Ts = 15 nsec.

. The next sample/hold pulse must not occur less than 2 nsec.
after the positive transition of the first half cycle of the clock.

T; = 2 nsec.

7
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CONNECTION AND APPLICATION

-

+1.6V Ground Q -52v
3.3uF 3.3uF
1
r
0.022uF 0.022uF
* CAN BE ADDED TO BOOST
IBUNRBEEEE RJ R TRANSITION R > 3.3K OHMS
|24 13[4 15 $333¥33333
—2voLT 1 aNb 28 w5 4, BIT 1 (MSB)
REFERENCE 2 VRerg " Bira
L 10 BIT3
ow:\ 9 BIT4
8 BITS
6 7 BIT6
6 BIT7
ADC-310
22 Vgep ADJ 3 5 BIT8
0.1uF I 21 Vggp ADJ 2 4 BITS
0. UF_W 20 VRge ADJ 1 22 BIT 10(LSB)
19 Vper. 27
6 ! 26 | INO CONNECTION
16 ANA IN 25
r————-ac 17 ANAIN 1 2 18
SAMPLE/HOLD o l o
Ve O——
SHM-40 20 MHz CLOCK &
TIMING CIRCUIT
L
DIGITAL OUTPUT CODES
INPUT VOLTAGE MSB DIGITAL OUTPUT CODE LSB
VREF;  0.0000V 111 1 1 111 1 1
-0.0020V 111 11 11110
—0.9990V 1 000O0 00 O0O0O
-1.0010V o1 111 11 1 11
vV —1.9980V 0 0O0O00O 0 00 01
REFg -2.0000V 00 O0O0O 0 0O0O0O
ORDERING INFORMATION
OPERATING
MODEL NO. TEMPERATURE
RANGE
ADC-310 -20°C to + 75°C
NOTE: For units with high-reliability processing, contact DATEL.
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FEATURES

* 12-Bit resolution

® 500 Nanosecond maximum
conversion time

* Low-power, 1.6W

© Small initial errors

® Three-state output buffers

® -55°C to +125°C operation

® Small 32-pin DIP

GENERAL DESCRIPTION

DATEL’s ADC-500 and ADC-505 reflect
the ultimate in state-of-the-art analog sig-
nal conversion technology. The ADC-500
boasts a remarkable conversion speed of
500 nanoseconds, along with a low-power
consumption of 1.6 watts.

DATEL’'s ADC-500 and ADC-505 are
12-bit analog-to-digital converters which
have small initial errors and can also pro-
vide adjustment capability for system er-
rors. Both models have identical specifica-
tions except for conversion times. The
ADC-505 has a maximum conversion time
of 550 nanoseconds while the ultra-fast
ADC-500 accomplishes a 12-bit conver-
sion in less than or equal to 500 nanosec-
onds. Figure 1 is a simplified block dia-
gram applicable to both devices.

Manufactured using thick-film and thin-film
hybrid technology, these converters’
remarkable performances are based upon
a digitally-corrected subranging architec-
ture. DATEL further enhances this tech-
nology by using a proprietary custom chip
and unique laser trimming schemes. The
ADC-500 and ADC-505 are packaged in a
32-pin ceramic DIP and consume 1.6
watts.

The ADC-500 and ADC-505 feature three
pin-programmable input ranges: 0 to
+10V, 0 to +20V, and + 10V dc. The in-
put impedance is specified at 1.75K
minimum for unipolar ranges and 3.75K
minimum for the bipolar range, reducing
stringent drive requirements. Other speci-
fications include no missing codes over
temperature, a maximum gain tempco of
+35 ppm/°C and a maximum differential
linearity tempco of +2.5 ppm/°C.

All digital inputs and three-state outputs
are TTL- and CMOS-compatible. Output
coding can be in straight binary/offset
binary or complementary binary/comple-
mentary offset binary by using the COMP
BIN pin. An overflow pin indicates when in-
puts are below or above the normal full-
scale range.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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ADC-500, ADC-505
12-Bit, URra-fast, Low-power

AID Converters
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Figure 1. ADC-500, ADC-505 Simplified Block Diagram

MECHANICAL DIMENSIONS
INCHES (mm)

1.101 MAX
(280) +

0.190 (4,9) MAX
0150 (38) MIN

0.010 x 0.018 Kovar

1.712 MAX
(435)
15 spaces
at 0.100 each
(2.5)

1

1

!

[

]

1
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VIEW '
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1

[
[
1
1
1
|
1
[
1
]
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1
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NOTE: Pins have 0.025 inch, +0.01
stand off from case

INPUT/QUTPUT
CONNECTIONS

SIGNAL NAME

CO®NO ML WN =

10
1

12
13
14
15
16

18
19
20
21

22
23
24
25
26
27
28
29
30
31
32

+10V REF
RANGE

INPUT HIGH
INPUT LOW
OFFSET ADJUST
NO CONNECTION
COMP BIN
OVERFLOW
ENABLE (6-10)
ENABLE (1-5. OF)
+5V

DIGITAL GROUND
+15V

-15V

-5V

ANALOG GROUND
S/H CONTROL
EOC

BIT 12 (LSB)

BIT 11

BIT 10

BIT9

BIT8

BIT7

BIT6

BITS

BIT4

BIT3

BIT2

BIT 1 (MSB)
START CONVERT
GAIN ADJUST
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Another novel feature of the ADC-500 is the provision of a Sam-
ple/Hold control pin for applications where a sample-hold is used in
conjunction with the ADC-500. This feature allows the sample-and-
hold device to go back into the sample mode a minimum of 30
nanoseconds before the conversion is complete, improving the
overall conversion rate of the system.

Power required for both models is + 15V dc and +5V dc. Models
are available in the commercial 0°C to +70°C, and military —55°C
to +125°C operating temperature range. Typical applications in-
clude spectrum, transient, vibration, and waveform analysis. These
devices are also ideally suited for radar, sonar and video digitization,
medical instrumentation, and high-speed data acquisition systems.
For information on versions with high reliability screening, contact
the factory.

ABSOLUTE MAXIMUM RATINGS
Parameters MINIMUM MAXIMUM UNITS

+15V Supply (Pin 13). .. 0 +18 Volts dc
—~ 15V Supply (Pin 14) . .. 0 -18 Volts dc
+5V Supply (Pin11).... -05 +7 Volts dc
-5V Supply (Pin15).... +05 -7 Volts dc
Digital Inputs

Pins7,9,10&31) ... -03 +6 Volts dc
Analog Input (Pin3) .... -15 +15 Volts dc
Lead temp. (10sec) .. .. 300 °C

FUNCTIONAL SPECIFICATIONS
Apply over the operating temperature range and over the operating
power supply range unless otherwise specified.

PERFORMANCE (cont.)
DESCRIPTION MIN. TYP. MAX. UNITS
Umpolar Zero Error,
5°C i - +1 +3 LSB
Umpolar Zero Tempco ..| — +13 +25 ppm/°C
Bipolar Zero Error,
+25°C ...l — +1 +3 LSB
Bipolar Zero Tempco ... — +13 +25 ppm/°C
Bipolar Offset Error,
+25°C ... ..0iinnnn — +2 +5 LSB
Bipolar Offset Error
Tempco ............ +175 435 ppm/°C
Gain Error, +25°C ..... — +2 +5 LSB
GainTempco.......... +175 +35 ppm/°C
Conversion Times:
ADC-500
+25°C ........... - — 500 nsec.
0°Cto +70°C ..... —_ — 540 nsec.
ADE 5556’5_5: to +125°C 560 nsec.
+25°C .o -4 nsec.
0°Cto +70°C ..... - 620 nseo.

-55°Cto +125°C..

No Missing Codes

(12Bits):. ........... Over the Operating Temp. Range

POWER SUPPLY REQUIREMENTS

Power Supply Range:

+15V dc Supply ..... +1425 +15 +15.75 Volts dc
—15Vdc Supply ..... -1425 -15 -15.75 Volts dc
+5VdcSupply ...... +4.75 +5 +5.25 Volts dc
-5VdcSupply ...... -475 -5 -5.25 Volts dc
Power Supply Current:
+15VSupply........ — +23 +30 mA
-15VSupply........ — -1 -15 mA
+5V Supply*........ — +55 +90 mA
-5VSupply......... — -175 -210 mA
Power Dissipation . . ... . — 1.6 1.8 Watts
Power Supply Rejection .| — — 0.01 %FSR/%V
PHYSICAL/ENVIRONMENTAL
Operating Temp. Range:
-BMC ............. 0 — +70 °C
-BMM ............. -55 - +125 °C
Storage Temperature
Range.............. - 65 — +150 °C
Package Type 32-pin hermetic sealed, ceramic DIP
Pins .......... .1 0.010 x 0.018 inch Kovar
Weight ............... 0.42 ounces (12) grams

* +5V power usage at 1TTL logic loading per data output bit.

TECHNICAL NOTES

1. Use external potentiometers to remove system errors or the

DESCRIPTION FAIN. TYP. MAX. UNITS
INPUTS
Input Vona%e Range...| — Oto +10 — Volts dc
(See Tech. Note9) | — Oto +20 — Volts dc
— +10 — Volts dc
Logic Levels: Logic 1 ..| 2.0 — — Volts dc
Logic0 .. — — 0.8 Volts dc
Logic Loading: Loglc 1] — — 2.5 A
Logic0 | — — -100 rA
OUTPUTS
Output Coding:
(Pin7High) ........ straight binary/offset binary
(Pin7Low) ........ complementary binary
complementary offset binary
Logic Levels: Logic 1 ..{ 2.4 — — Volts dc
L Logic0 ..| — —_ 0.4 Volts dc
ogic Loading: Logic 1 | — — -160 A
o L% ic0 | — — 6.4 mA
Internal Reference:
Voltage, +25°C ....|9.98 — 10.02 Volts dc
Drft.............. — +5 +30 ppm/°C
External Current . — — 1.5 mA
PERFORMANCE
Integral Nonlinearity:
5°C. i — — +0.0125 %FSR +'2 LSB
0°Cto +70°C...... — — +0.0125 %FSR + 2 LSB
-55°Cto +125°C ..| — — +0.0125 %FSR +3 LSB
IntegralNonlin. Tempco. | — +3 +8 ppm/°C
Differential Nonlinearity)|
+25°C. ... .....nn — +0.0125 %FSR + 12 LSB
0°Cto +70°C .. — — +0.0125 %FSR + 2 LSB
—-55°Cto +125°C — — +0.0125 %FSR +1LSB
Dlﬂ‘erential Nonlin.
........... — +25 ppm/°C
FuII-ScaIe Absol.
Accuracy
+25°C........ | = +3 +8 LSB
0°Cto +70°C......[| — +4 +14 LSB
-55°Cto +125°C .. +8 +29 LsB

1-44

small initial errors to zero. Use a 20K trimming potentiometer for
gain adjustment with the wiper tied to pin 32 (ground pin 32 for
operation without adjustments). Use a 20K trimming poten-
tiometer with the wiper tied to pin 5 for zero/offset adjustment
(leave pin 5 open for operation without adjustment).

. Rated performance requires using good high frequency circuit

board layout techniques. The analog and digital grounds are not
connected internally. Avoid ground-related problems by con-
necting the digital and analog grounds to one point, the ground
plane beneath the converter (versus at the power supply ter-
minals when the power supplies are located some distance from
the ground plane). Due to the inductance and resistance of the
power supply return paths, return the analog and digital ground
separately to the power supplies. This prevents contamination
of the analog ground by noisy digital ground currents.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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3. Bypass all the analog and digital supplies and the + 10V refer-
ence (pin 1) to ground with a 4.7 uF, 25V tantalum electrolytic
capacitor in parallel with a 0.1 xF ceramic capacitor. Bypass the
+ 10V reference (pin 1) to analog ground (pin 16). The -5V dc
supply is treated as an analog supply and analog ground (pin 16)
should be treated as its return path for decoupling purposes.

4. Obtain_straight binary/offset binary output coding by tieing
COMP BIN (pin 7) to + 5V dc or leaving it open. The device has
an internal pull-up resistor on this pin. To obtain complementary

8. Over temperature, input capacitance is 50 pF maximum and in-

put impedance is 1.75K minimum (2.5K typical) for unipolar and
3.75K minimum (5K typical) for bipolar. These values are guar-
anteed by design.

. Requirements for + 2.5V inputs can be satisfied using DATEL’s

AM-1435 amplifier in front of the SHM-45/ADC-500 configura-
tion, shown in Figure 4, at the appropriate gain. The SHM-45’s
gain of 2 mode allows 0 to +5V or +5V input ranges.

binary or complementary offset binary output coding, tie the TIMING
COMP BIN pin to ground. The COMP BIN signal is compatible
to CMOS/TTL logic levels for those users desiring logic control

of this function.

Figure 2 shows the relationship between the various input signals.
The timing cited in Table 1 applies over the operating temperature
range and over the operating power supply range. These times are

5. An overflow signal, pin 8, indicates when analog input signals

are below or above the desired full-scale range. The overflow
pin_also has a three-state output and is enabled by pin 10
(Enable bits 1-5 & O.F.).

. The Sample/Hold control signal, pin 17, goes low following the

rising edge of a START CONVERT pulse and high 30 nanosec-
onds minimum before EOC goes low. This indicates that the con-
verter can accept a new analog input.

. The drive requirements of the ADC-500/505 may be satisfied

with a wide-bandwidth, low output impedance input source. Ap-
plications of these converters that require the use of a sample-
hold may be satisfied by using DATEL’s model SHM-45. Using
this device with multiplexers or for test purposes will require an
input buffer.

guaranteed by design.

TABLE 1. SIGNAL TIMING SUMMARY

LINE

DURATION IN NANOSECONDS

Start Convert (A/D)

50 nsec. minimum

Analog Input Settling Time

150 nsec. minimum

Start Convert Low to EOC
High Propagation Delay

35 nsec. maximum

Start Convert Low to Previous
Output Data Invalid

350 nsec. minimum

Data Valid Before EOC
Goes Low

25 nsec. minimum

Enable to Output Data Valid
Propagation Delay

10 nsec. maximum

ANALOG
INPUT
NOTE NOT DRAWN TO SCALE

ANALOG 150 nSec
INPUT > MINIMUM
SETTLING
TIME
N ﬂ 105nSec MINIMUM (when used with SHM-45)

}e—— 100nSec HOLD MODE SETTLING TIME

START
CONVERT

_.|

e

200nSec ACQUISITION TIME

I. ——————————— T, MAXIMUM
20nSec MINIMUM
35nSec MAXIMUM
10nSec MINIMUM 30nSec
25nSec MAXIMUM MINIMUM
350 nSec |

25 nSec
MINIMUM
MINIMUM 1
W e

NABLED DATA N
VALID

EOC

[_l__

:

SiH —-J

OUTPUT DATA

N

DATA N-1 VALID

ENABLED DATA N-1 VALID
(BITS 1.5.0F) 10 nSec
MAXIMUM

ENABLED DATA N-1 VALID
(BITS 6-12) 10 nSec ENAEI‘_IEE'[[J)AYA N
MAXIMUM

TEMPERATURE: +25°C Oto +70 °C -55t0 +125 °C
ADC-500
CONVERSION
TIME (T
ADC-505
CONVERSION
TIME (T1)

ﬁ—m

500 nSec 540 nSec 560 nSec INVALID DATA

=Y

550 nSec 590 nSec 620 nSec

Figure 2. ADC-500/505 and SHM-45 Timing Diagram
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CALIBRATION PROCEDURE

Removal of system errors or the small initial errors is accomplished
as follows:

1. Connect the converter per Figure 3 and Table 2 for the appropri-
ate full-scale range (FSR). Apply a pulse of 50 nanoseconds
minimum to the START CONVERT input (pin 31) at a rate of 500
kHz. This rate chosen to reduce flicker if LED’s are used on the
outputs for calibration purposes.

2. Zero Adjustments

Apply a precision voltage reference source between the analog
input (pin 3) and ground (pin 16). Adjust the output of the refer-
ence source per Tables 3a and 3b for the unipolar zero adjust-
ment (+ Y2 LSB) or the bipolar zero adjustment (zero + %2 LSB)
for the appropriate FSR. For unipolar, adjust the zero trimming
potentiometer so that the output code flickers equally between
0000 0000 0000 and 0000 0000 0001 with the COMP BIN
(pin 7) tied high or between 1111 1111 1111 and 1111 1111
1110 with the COMP BIN tied low.

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000 0000
0001 with COMP BIN tied high or between 0111 1111 1111 and
0111 1111 1110 with COMP BIN tied low.

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 3a or 3b for the unipolar or bipolar gain ad-
justment (+FS — 12 LSB) for the appropriate FSR. Adjust the
gain trimming potentiometer so that the output code flickers
equally between 1111 1111 1110 and 1111 1111 1111 for
COMP BIN (pin 7) tied high or between 0000 0000 0001 and
0000 0000 0000 for COMP BIN tied low.

4. To confirm proper operation of the device, vary the precision ref-

erence voltage source to obtain the output coding listed in
Tables 4 and 5.

TABLE 2. INPUT CONNECTIONS

TABLE 4. OUTPUT CODING FOR UNIPOLAR

INPUT VOLTAGE RANGE INPUT PIN CONNECT PIN 2 (RANGE) TO PIN:
0to +10V dc 3 3
0to +20V dc 3 16
+10V dc 3 1

TABLE 3a. ZERO AND GAIN ADJUST FOR UNIPOLAR

USE
UNIPOLAR FSR ZERO ADJUST GAIN ADJUST
+%2 LSB +FS -1z LSB
0to +10V dc +1.22mV +9.9963V dc
0to +20V dc +2.44 mV +19.9927V dc

TABLE 3b. ZERO AND GAIN ADJUST FOR BIPOLAR

USE
BIPOLAR FSR ZERO ADJUST GAIN ADJUST
ZERO +%2 LSB +FS -1%2 LSB
+10V dc +2.44 mV +9.9927V dc

OPERATION
UNIPOLAR INPUT RANGES,
SCALE VOLTS dc OUTPUT CODING
STRAIGHT BINARY COMP. BINARY
0to +10V Oto +20V | MSB LSB | MsB LSB
+FS -1LSB +9.9976V +19.9951V 1111 1111 1111 0000 0000 0000
7% FS +8.7500V +17.500V 1110 0000 0000 | 0001 1111 1111
% FS +7.5000V +15.000V 1100 0000 0000 | 0011 1111 1111
Y2 FS +5.0000V +10.000V 1000 0000 0000 | O111 1111 1111
Y FS +2.5000V +5.0000V 0100 0000 0000 1011 1111 1111
Y% FS +1.2500V +2.5000V 0010 0000 0000 1101 1111 1111
1LSB +0.0024V +0.0049v 0000 0000 0001 1111 1111 1110
[} 0.0000V 0.0000V 0000 0000 0000 1111 1111 1111
15v 15V v o
S| e 47uF ' a7uF
— =
0.14F 0.4F -
— O.1uF 0.1uF
1
B 16 14
+15VQ GAIN ADJUST SABE
ENABLE
B1S 158 0F
20K GAIN ADJUST
BIT 1 (MSB)
15V
BiT2
+10V REF
0E 47 ,F BT3
g g E ; j RANGE
BIT4
85
INPUT Hi
BITe
() weuriow ADC-500/505 a7
8T8
+5V dc 8re
o_—@ COMPBIN
BIT10
BT 11
e @ START CONVERT BrizLse
OVERFLOW
@ ENABLE (6-12)
@ S/H CONTROL @ EoC
s ©

20K NO CONNECTION

15V +15V
ZEROIOFFSET ADJUST

Figure 3. ADC-500/505 Calibration Circuit
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TABLE 5. OUTPUT CODING FOR BIPOLAR

OPERATION

BIPOLAR INPUT OUTPUT CODING
SCALE RANGE OFFSET BINARY COMP. OFFSET BINARY
+10V dc MSB LSB MSB LsB
+FS -11SB +9.9951V 1111 1111 1111 0000 0000 0000
+%FS +7.5000V 1110 0000 0000 0001 1M1 1111
+%2 FS +5.0000V 1100 0000 0000 0011 11 111
o 0.0000V 1000 0000 0000 o111 1 1M
-% FS -5.0000V 0100 0000 0000 1011 11 11
-%FS ~7.5000V 0010 0000 0000 1101 RRRR! 11
-FS +1LSB -9.9951V 0000 0000 0001 11 1 1110
-FS —-10.000V 0000 0000 0000 11 111 111

THEORY OF OPERATION (ADC-500 AND SHM-45)

This theory of operation describes the ADC-500’s operation in con-
junction with DATEL’'s SHM-45. The SHM-45 sample-and-hold
device captures fast signals for an ADC-500 to then digitize. Figure
4 shows a typical ADC-SHM circuit. The ADC-500 employs a
subranging architecture with digital error correction. Also known as
a two-step method of conversion, this technique uses a single 7-bit
flash converter twice in the conversion process to yield a final
resolution of 12 bits. Refer to the ADC-SHM connection diagram,
the ADC block diagram, and the timing diagram as needed
(Figures 4, 1 and 2 respectively).

The SHM-45, upon acquiring the input signal on the hold capacitor
(200 nanoseconds maximum acquisition time to 0.01%), is put into
the hold mode prior to the analog-to-digital conversion. In the hold
mode, the SHM-45 requires a maximum of 100 nanoseconds to
have its output buffer settle to 0.01% accuracy. The ADC-500 re-
quires a maximum of 150 nanoseconds for the input signal to settle
before starting a conversion. The input of the ADC-500 starts set-
tling to its final value while the SHM-45 is in the acquisition mode.

At the end of the SHM-45’s hold mode settling time, the ADC-500’s
input is fully settied. The missing 50 nanoseconds of the required
maximum analog input settling time is made up by the time the
Sample/Hold is in the acquisition mode. the end of the SHM-45’s
hold mode settling time, the ADC-500’s input is fully settled.

The SHM-45 is in the sample mode when the ADC-500’s S/H con-
trol (Pin 17) is high. The S/H control pin is high and thus in the sam-
ple mode when the A/D is not performing a conversion.

The S/H control pin goes low after the rising edge of the START
CONVERT pulse a minimum of 10 nanoseconds and a maximum
of 25 nanoseconds later. To assure the SHM has 200 nanoseconds
maximum acquisition time, the START CONVERT pulse should be
given a minimum of 190 nanoseconds after the desired start of the
acquisition time. The width of the START CONVERT pulse should
be 105 nanoseconds minimum to assure the hold mode settling
time of 100 nanoseconds is observed. The 105 nanoseconds takes
into account the min-max propagation delays of the START CON-
VERT high to S/H control low propagation delays and the START
CONVERT low to EOC high propagation delays.

Conversion being initiated, switch S1 of the ADC closes and S2
opens. The analog input, having been configured for the appropri-
ate range (+ 10V range shown), is buffered and then digitized by
the 7-bit flash ADC to determine the seven most significant bits.
The seven bits of data are then stored in a register and provided to
the input of a 7-bit digital-to-analog converter. The DAC has 13 bits
of linearity.

The first pass finished, S2 closes and S1 opens. The output of the
DAC is then subtracted from the analog input. The result is a
voltage difference between the first 7-bit digitization and the analog
input. This voltage difference is amplified and converted by the
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7-bit ADC. The result of this second conversion is then latched to
determine the least 7 significant bits. The outputs from the two
registers are then added by the digital correction logic to produce a
12-bit word. EOC goes low, indicating the conversion is complete,
and the output passes to three-state output buffers.

Once the second step of the flash ADC is finished, the analog input
can change even though the conversion cycle has not been com-
pleted (EOC going low). The Sample/Hold control pin goes high a
minimum of 30 nanoseconds before EOC goes low, indicating that
the SHM-45 can be put back into the sample mode. This feature
improves the overall throughput of the ADC-SHM system.

Data from the previous conversion would be valid up to 350 nano-
seconds after the falling edge of the START CONVERT pulse. Data
from the new conversion is valid a minimum of 25 nanoseconds
before EOC goes low and valid up to 350 nanoseconds after the
falling edge of the next START CONVERT pulse. There is a 10
nanosecond maximum delay after the three-state output buffers
are enabled before the data is valid at the device output.

The overall throughput using the ADC-500 and the SHM-45 con-
sists of 200 nanoseconds for the sample time, 100 nanoseconds
for the hold and input settling time, 15 nanoseconds for observance
of min-max propagation delays and 470 nanoseconds for the con-
version process (S/H control pin saves 30 nanoseconds). Total
throughput is a maximum of 785 nanoseconds for the system for a
guaranteed throughput rate of 1.25 MHz.

The ADC-500’s conversion rate without a sample-hold would be
150 nanoseconds for input settling time and 500 nanoseconds for
the ADC-500, yielding a minimum of 1.5 MHz conversion rate.
Retriggering of the start convert pulse before EOC goes low will
not initiate a new conversion.

The performance characteristics shown in Table 6 apply over the
operating temperature range and over the operating power supply
range unless otherwise specified. These charateristics are guaran-
teed by design.

TABLE 6. PERFORMANCE CHARACTERISTICS AT
DIFFERENT TEMPERATURES

CHARACTERISTIC VALUE

Conversion Rate (Changing Inputs):
ADC-500

+25°C 1.5 MHz minimum
0°C to +70°C 1.4 MHz minimum
—-55°C to +125°C 1.4 MHz minimum
ADSZ%CLSC 1.39 MHz minimum
0°C to +70°C 1.35 MHz minimum
1

—-55°C to +125°C 29 MHz minimum

Harmonic Distortion (Below FS):
+25°C

—72 dB minimum
-72 dB minimum
-65 dB minimum

0°C to +70°C
-55°C to +125°C

To fully utilize the dynamic range of the ADC-500 and ADC-505, the
SHM-45 can be hardware-programmed to provide the appropriate
output voltage range. Table 7 shows the different input ranges
which can be obtained by selecting the appropriate SHM-45. See
the SHM-45 data sheet for connection details.

TABLE 7. ADC-SHM INPUT RANGES

Vin Range Gain
Oto +10 +1
Oto —10 -1

-5t0 +5 -2

-10to +10 -1
Oto -20 -05
Oto -5 -2

1-47




ADC-500, ADC-505 D O/ANEL
+15V 15V 5V .
47uF }q 474 (o] 5 47uF
01uF onr | —e =
|'—1‘—| —4 0.14F 0.1,F
1
+15V dc Q GAIN ADJUST ENABLE
BITS 1-5& OF.
20K GAIN ADJUST
BIT 1(MSB)
-15V dc
BIT2
IT—G +10V REF
0.1uF 4.7 uF BIT3
0TO +10V € g RANGE
0—-( : ] BIT4
SHM-45 I airs
INPUT HI
| LESS THAN 17— ADC-500/505 BITe
INPUT LOW BIT7
@ HOLD BIT8
BIT9
DICIOIO ’SVO__<G° D -
BIT 11
\V START CONVERT BIT 12 (LSB)
(S, > (: ] START CONVERT
OVERFLOW
ENABLE
_ BITS 6-12
S/H CONTROL
il "X sifcontRoOL EOC
Figure 4. ADC-SHM Connection Diagram
s ©
20K NO CONNECTION
-15V +15V
OFFSET ADJUST
ORDERING INFORMATION
OPERATING
MODEL TEMP. RANGE SEAL
ADC-500-BMC 0°C to +70°C Hermetic
ADC-500-BMM -55°C to +125°C Hermetic
ADC-505-BMC 0°C to +70°C Hermetic
ADC-505-BMM -55°C to +125°C Hermetic
ACCESSORIES
Part Number Description
TP20K Trimming Potentiometers:
(Two required).
Receptable for PC board mounting can be ordered through
AMP Incorporated, #3-331272-8 (Component Lead Socket), 32
required.
For high reliability version of the ADC-500 and ADC-505, con-
tact DATEL.
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FEATURES

* 12-Bit resolution

® 700 Nanosecond maximum
conversion time

® Low-power, 1.6W

® Small initial errors

* Three-state output buffers

® -55°C to +125°C operation

* Small 32-pin DIP

GENERAL DESCRIPTION

DATEL's ADC-508 reflects the ultimate in
state-of-the-art analog signal conversion
technology. The ADC-508 boasts a con-
version speed of 700 nanoseconds, along
with a low-power consumption of 1.6 watts.

DATEL's ADC-508 is a 12-bit, analog-to-
digital converter which has small initial
errors and can also provide adjustment
capability for system errors. The ADC-508
has a maximum conversion time of 700
nanoseconds. Figure 1 is a simplified
block diagram.

Manufactured using thick-film and thin-film
hybrid technology, this converter’s re-
markable performance is based upon a
digitally-corrected subranging architec-
ture. DATEL further enhances this tech-
nology by using a proprietary custom chip
and unique laser trimming schemes. The
ADC-508 is packaged in a 32-pin ceramic
DIP and consumes 1.6 watts.

The ADC-508 features three pin-program-
mable input ranges: 0 to +10V, O to
+20V, and +10V dc. The input impe-
dance is specified at 1.75K minimum for
unipolar ranges and 3.75K minimum for
the bipolar range, reducing stringent drive
requirements. Other specifications include
no missing codes over temperature, a
maximum gain tempco of +35 ppm/°C
and a maximum differential linearity
tempco of +2.5 ppm/°C.

All digital inputs and three-state outputs
are TTL- and CMOS-compatible. Output
coding can be in straight binary/offset
binary or complementary binary/comple-
mentary offset binary by using the COMP
BIN pin, An overflow pin indicates when in-
puts are below or above the normal full-
scale range.

A/D Converter

ADC-508
12-Bit, URra-fast, Low-power

[©
s conTROL @—4—-‘

£l

> 1
<
oFFser >
— 5
[0 -l ®
© t—t )
3smre
conmeCTion |—gm]  OUTPUT )
1 j o6 AecisTER
q >
_— )
o _— o)
Losc —
‘CONVERT Q CONTROL
@) NG, _f

© [©] © [©] [©]

sy 06 GNo -sv sy

ANA GND.

(@]

Z1sv

©

NC CONNECTION

Figure 1. ADC-508 Simplified Block Diagram
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Y
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}
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] [}
' '
' i
' '
! ]
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NOTE: Pins have 0.025 inch, +0.01
stand off from case

INPUT/OUTPUT
CONNECTIONS

2
H

SIGNAL NAME

C®NO O D WN =

+10V REF
RANGE

INPUT HIGH
INPUT LOW
OFFSET ADJUST
NO CONNECTION
COMP BIN
OVERFLOW
ENABLE (6-12)
ENABLE (1-5. O.F)
+5V

DIGITAL GROUND
+15V

-15V

-5V

ANALOG GROUND
S/H CONTROL
EOC

BIT 12(LSB)

B8IT 11

BIT 10

BIT9

BIT8

BIT7

BIT6

BITS

BIT 4

BIT3

BIT 2

BIT 1 (MSB)
START CONVERT
GAIN ADJUST
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3.

Bypass all the analog and digital supplies and the + 10V refer-
ence (pin 1) to ground with a 4.7 uF, 25V tantalum electrolytic
capacitor in parallel with a 0.1 uF ceramic capacitor. Bypass the
+ 10V reference (pin 1) to analog ground (pin 16). The —5V dc
supply is treated as an analog supply and analog ground (pin 16)
should be treated as its return path for decoupling purposes.

. Obtain_straight binary/offset binary output coding by tieing

COMP BIN (pin 7) to +5V dc or leaving it open. The device has
an internal pull-up resistor on this pin. To obtain complementary
binary or complementary offset_binary output coding, tie the
COMP BIN pin to ground. The COMP BIN signal is compatible
to CMOS/TTL logic levels for those users desiring logic control
of this function.

. An overflow signal, pin 8, indicates when analog input signals

are below or above the desired full-scale range. The overflow
pin_also has a three-state output and is enabled by pin 10
(Enable bits 1-5 & O.F.).

. The Sample/Hold control signal, pin 17, goes low following the

rising edge of a start convert pulse and high 30 nanoseconds
minimum before EOC goes low. This indicates that the con-
verter can accept a new analog input.

. The drive requirements of the ADC-508 may be satisfied with a

wide-bandwidth, low output impedance input source. Applica-
tions of these converters that require the use of a sample-hold
may be satisfied by using DATEL’s model SHM-45. Using this
device with multiplexers or for test purposes will require an input
buffer.

ANALOG
INPUT

8. Over temperature, input capacitance is 50 pF maximum and in-

put impedance is 1.75K minimum (2.5K typical) for unipolar and
3.75K minimum (5K typical) for bipolar. These values are guar-
anteed by design.

. Requirements for + 2.5V inputs can be satisfied using DATEL’s

AM-1435 amplifier in front of the SHM-45/ADC-508 configura-
tion, shown in Figure 4, at the appropriate gain. The SHM-45’s
gain of 2 mode allows 0 to +5V or +5V input ranges.

TIMING

Figure 2 shows the relationship between the various input signals.
The timing cited in Table 1 applies over the operating temperature
range and over the operating power supply range. These times are

guaranteed by design.

TABLE 1. SIGNAL TIMING SUMMARY

LINE DURATION IN NANOSECONDS

Start Convert (A/D) 50 nsec. minimum

Analog Input Settling Time 150 nsec. minimum

Start Convert Low to EOC

High Propagation Delay 35 nsec. maximum

Start Convert Low to Previous

Output Data Invalid 350 nsec. minimum

Data Valid Before EOC

Goes Low 25 nsec. minimum

Enable to Output Data Valid
Propagation Delay

10 nsec. maximum

NOTE NOT DRAWN TO SCALE

ANALOG 150 nSec
INPUT MINIMUM

SETTLING

TIME |
|

START

N ‘I——]‘ 105nSec MINIMUM (when used with SHM-45)

'
CONVERT T
1

_.l

}
1
|
1
1

.‘_-_--_-_-___

|-7 T, MAXIMUM

F— 100 nSec HOLD MODE SETTLING TIME

|
1
|
'
! 200nSec ACQUISITION TIME
1 1
] N
| P
B
i
IR
1 I
oc [
£oc ! ! 20nSec MINIMUM
11 .
HI 35nSec MAXIMUM
R
! | 10nSec MINIMUM
i 11 250Sec maximum
|
|
- 1
sh — |

Tf"

30nSec
MINIMUM

350 nSec.

—f=---

MINIMUM

25 nSec
| MINIMUM
|

OUTPUT DATA

DATA N-1 VALID

W DATA N VALID

ENABLED DATA N-1 VALID

(BITS 1-5,0F)

10 nSec

NABLED DATAN
MAXIMUM VALID

P&

ENABLED DATA N-1 VALID
(BITS 6-12) I

TEMPERATURE: +25°C 0to +70 °C -5510 +125 °C

ADC-508
CONVERSION 700 nSec .740 nSec 770 nSec
TIME (T1)

10 nSec
MAXIMUM

NABLED DATA N
VALID

INVALID DATA M

i

Figure 2. ADC-508 and SHM-45 Timing Diagram
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CALIBRATION PROCEDURE

Removal of system errors or the small initial errors is accomplished
as follows:

1. Connect the converter per Figure 3 and Table 2 for the appro-
priate full-scale range (FSR). Apply a pulse of 50 nanoseconds
minimum to the START CONVERT input (pin 31) at a rate of 500
kHz. This rate is chosen to reduce flicker if LED’s are used on
the outputs for calibration purposes.

2. Zero Adjustments

Apply a precision voltage reference source between the analog
input (pin 3) and ground (pin 16). Adjust the output of the refer-
ence source per Tables 3a and 3b for the unipolar zero adjust-
ment ( + 2 LSB) or the bipolar zero adjustment (zero + 2 LSB)
for the appropriate FSR. For unipolar, adjust the zero trimming
potentiometer so that the output code flickers equally between
0000 0000 0000 and 0000 0000 0001 with the COMP BIN (pin 7)
tied high or between 1111 1111 1111 and 1111 1111 1110 with
the COMP BIN tied low.

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000 0000
0001 with COMP BIN tied high or between 0111 1111 1111 and
0111 1111 1110 with COMP BIN tied low.

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 3a or 3b for the unipolar or bipolar gain ad-
justment (+FS —1Y2 LSB) for the appropriate FSR. Adjust the
gain trimming potentiometer so that the output code flickers
equally between 1111 1111 1110 and 1111 1111 1111 for
COMP BIN (pin 7) tied high or between 0000 0000 0001 and
0000 0000 0000 for COMP BIN tied low.

4. To confirm proper operation of the device, vary the precision ref-
erence voltage source to obtain the output coding listed in
Tables 4 and 5.

TABLE 2. INPUT CONNECTIONS

INPUT VOLTAGE RANGE INPUT PIN CONNECT PIN 2 (RANGE) TO PIN:
Oto +10V dc 3 3
Oto +20V dc 3 16
+10V dc 3 1

TABLE 3a. ZERO AND GAIN ADJUST FOR UNIPOLAR

ADC-508
TABLE 4. OUTPUT CODING FOR UNIPOLAR
OPERATION

UNIPOLAR INPUT RANGES,

SCALE VOLTS dc OUTPUT CODING
STRAIGHT BINARY COMP. BINARY
0to +10V 0to +20V MSB LsB MSB LS8
+FS - LSB +9.9976V +19.9951V m11 111 1 0000 0000 0000
% FS +8.7500V +17.500V 1110 0000 0000 0001 1111 1111
Y FS +7.5000V +15.000V 1100 0000 0000 0011 1111 1111
%2 FS +5.0000V +10.000V 1000 0000 0000 o111 1111 1111
Ya FS +2.5000V +5.0000V 0100 0000 0000 1011 1111 1111
% FS +1.2500V +2.5000V 0010 0000 0000 101 1111 1111
1LSB +0.0024V +0.0049V 0000 0000 0001 1111 1111 1110
0 0.0000V 0.0000V 0000 0000 0000 111 1111 1111

USE
UNIPOLAR FSR ZERO ADJUST GAIN ADJUST
+% LSB +FS -1%2 LSB
0to +10V dc +1.22mV +9.9963V dc
0to +20V dc +2.44 mV +19.9927V dc

TABLE 3b. ZERO AND GAIN ADJUST FOR BIPOLAR

USE
BIPOLAR FSR ZERO ADJUST GAIN ADJUST
ZERO +Y2 LSB +FS -1%2 LSB
+10V dc +2.44 mV +9.9927V dc

STE ) e aT.F
—

01F 0nE
4| our

J
+15VQ GAIN ADJUST
20K %“—‘@ GAIN ADJUST
15V

r—r@ +10V REF
onF Larr

T gD j RANGE
FG

ENABLE
BITS 158 OF
BIT 1(MSB)
BIT2

BIT3
BITa
BITs
BIT6

INPUT LOW

ADC-508

87
8IT8

+5Vde BITY

COMP BIN
BIT 10
a1

BIT 12 (LSB)

X
©)

START CONVERT
OVERFLOW

ENABLE
BITS 612

18) EOC

(O]

SiH CONTROL

©
20K NO CONNECTION

15V +15V
ZEROIOFFSET ADJUST

Figure 3. ADC-508 Calibration Circuit
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Another novel feature of the ADC-508 is the provision of a Sam-
ple/Hold control pin for applications where a sample-hold is used in
conjunction with the ADC-508. This feature allows the sample-and-
hold device to go back into the sample mode a minimum of 30
nanoseconds before the conversion is complete, improving the
overall conversion rate of the system.

Power required is + 15V dc and + 5V dc. Models are available in the

commercial 0°C to +70°C; and military —55°C to + 125°C operat-
ing temperature range. Typical applications include spectrum, tran-
sient, vibration, and waveform analysis. These devices are also
ideally suited for radar, sonar and video digitization, medical instru-
mentation, and high-speed data acquisition systems. For information
on versions with high reliability screening, contact the factory.

ABSOLUTE MAXIMUM RATINGS
Parameters MINIMUM MAXIMUM UNITS
+ 15V Supply (Pin 13). .. 0 +18 Volts dc
- 15V Supply (Pin 14) 0 -18 Volts dc
+5V Supply (Pin11). . -0.5 +7 Volts dc
~ 5V Supply (Pin 15) .. . +0.5 -7 Volts dc
Digital Inputs
(Pins7,9,10&31) ... -0.3 +6 Volts dc

Analog Input (Pin3) .... -15 +15 Volts dc
‘Lead temp. (10sec) .... 300 °C

FUNCTIONAL SPECIFICATIONS
Apply over the operating temperature range and over the operating
power supply range unless otherwise specified.

DESCRIPTION MIN. TYP. MAX. UNITS
INPUTS
Input Voltage Range...| — 0to +10 — Volts dc
(See Tech. Note 9) — Oto +20 — Volts dc
— +10 — Volts dc
Logic Levels: Logic 1 . .| 2.0 — — Volts dc
ic0..| — — 0.8 Volts dc
Logic Loading: Loglc 1 | — — 2.5 HA
Logic0.| — — -100 pA
OUTPUTS
Output Coding:
{ in7High) ........ straight binary/offset binary
Pin7Low) ........ complementary binary
complementary offset binary
Logic Levels: Logic1 ../ 2.4 — — Volts dc
L Loadi L?-gico o — — 0. 40 Vo:fls\dc
ogic Loading: Logic 1.| — — ~16
Logic0.[ — — 6.4 mA
Internal Reference:
Voltage, +25°C .19.98 — 10.02 Volts dc
Drift .......... | = +5 +30 ppm/°C
External Current ....| — — 1.5 mA
PERFORMANCE
‘ Integml Nonlinearity:
5°C .. .ciiinnnn — — +0.0125 %FSR +'2 LSB
o°c to+70°C...... — — +0.0125 %FSR +'%2 LSB
-55°Cto +125°C ..| — — +0.0125 %FSR +3LSB
Integral Nonlin. Tempco. | — +3 +8 ppm/°C
Differential Nonlinearity]|
+25°C............ — — +0.0125 %FSR +'2 LSB
0°Cto +70°C...... — +0.0125 %FSR +'2 LSB
-55°Cto +125°C .. +%2 +0.0125 %FSR +1LSB
Differential Nonlin.
Tempco........... — — +25 ppm/°C
Full-Scale Absol.
Accuracy:
+25°C............ +3 +8 LSB
0°Cto +70°C ...... — +4 +14 LsB
-55°Cto +125°C ..| — +8 +29 LSB
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PERFORMANCE (cont.)
DESCRIPTION MIN. TYP. MAX. UNITS
Unipolar Zero Error,
+25°C............. — +1 +3 LSB
Unipolar Zero Tempco ..| — +13 +25 ppm/°C
Bipolar Zero Error,
+25°C............. — +1 +3 LSB
Bipolar Zero Tempco ...| — +13 +25 ppm/°C
Bipolar Offset Error,
+25°C............. — +2 +5 LSB
Bi| Iar Offset Error
mpCo ............ — +175 +35 ppm/°C
Gam Error, +25°C ..... — +2 +5 LSB
GainTempco.......... — +175 +35 ppm/°C
Conversion Times:
ADC-508
+25°C ........... — 700 nsec.
0°Cto +70°C ..... — — 740 nsec.
-55°Cto +125°C.. — 770 nsec.

No Mlssmg Codes
(12B

Over the Operating Temp. Range

POWER SUPPLY REQUIREMENTS

Power Supply Range:
+15VdcSupply ..... +1425 +15 +15.75 Volts dc
-15Vdc Supply ..... -1425 -15 -15.75 Volts dc
+5VdcSupply ...... +4.75 +5 +5.25 Volts dc
-5VdcSupply ...... -475 -5 -5.25 Volts dc
Power Supply Current:
+15VSupply........ — +23 +30 mA
-15V Supply ........ — -1 -15 mA
+5VSupply*........ — +55 +90 mA
-5VSupply......... - -175 -210 mA
Power Dissipation . ...... — 1.6 18 Watts
Power Supply Rejection .| — — 0.01 %FSR/%V
PHYSICAL/ENVIRONMENTAL
Operating Temp. Range: h
BMC ............. 0 — +70 °C
-BMM ............. -55 — +125 °C
Storage Temperature
Range.............. -65 — +150 °C
Package Type ......... 32-pin hermetic sealed, ceramic DIP
ins ................. 0.010 x 0.018 inch Kovar
Welght ............... 0.42 ounces (12) grams

* +5V power usage at 1TTL logic loading per data output bit.

TECHNICAL NOTES

1.

Use external potentiometers to remove system errors or the
small initial errors to zero. Use a 20K trimming potentiometer for
gain adjustment with the wiper tied to pin 32 (ground pin 32 for
operation without adjustments). Use a 20K trimming poten-
tiometer with the wiper tied to pin 5 for zero/offset adjustment
(leave pin 5 open for operation without adjustment).

. Rated performance requires using good high frequency circuit
board layout techniques. The analog and digital grounds are not
connected internally. Avoid ground-related problems by con-
necting the digital and analog grounds to one point, the ground
plane beneath the converter (versus at the power supply ter-
minals when the power supplies are located some distance from
the ground plane). Due to the inductance and resistance of the
power supply return paths, return the analog and digital ground
separately to the power supplies. This prevents contamination
of the analog ground by noisy digital ground currents.
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TABLE 5. OUTPUT CODING FOR UNIPOLAR

OPERATION
BIPOLAR INPUT OUTPUT CODING

SCALE RANGE OFFSET BINARY COMP. OFFSET BINARY
+10V dc mMsB LsB MSB LsB
+FS -11SB +9.9951V 1111 1M 1111 0000 0000 0000
+%FS +7.5000V 1110 0000 0000 0001 1 1
+% FS +5.0000V 1100 0000 0000 0011 1111 1111
0 0.0000V 1000 0000 0000 o111 1mmm 1
-% FS -5.0000V 0100 0000 0000 1011 imm 111
-%FS -7.5000V 0010 0000 0000 1101 11 1
-FS +1LSB -9.9951V 0000 0000 0001 1M 1111 1110
-FS -10.000v 0000 0000 0000 1111 1111 11

THEORY OF OPERATION (ADC-508 and SHM-45)

This theory of operation describes the ADC-508’s operation in con-

junction with DATEL’s SHM-45. The SHM-45 sample-and-hold "

device captures fast signals for an ADC-508 to then digitize. Figure
4 shows a typical ADC-SHM circuit. The ADC-508 employs a
subranging architecture with digital error correction. Also known as
a two-step method of conversion, this technique uses a single 7-bit
flash converter twice in the conversion process to yield a final
resolution of 12 bits. Refer to the ADC-SHM connection diagram,
the ADC block diagram, and the timing diagram as needed
(Figures 4, 1 and 2 respectively).

The SHM-45, upon acquiring the input signal on the hold capacitor
(200 nanoseconds maximum acquisition time to 0.01%), is put into
the hold mode prior to the analog-to-digital conversion. In the hold
mode, the SHM-45 requires a maximum of 100 nanoseconds to
have its output buffer settle to 0.01% accuracy. The ADC-508 re-
quires a maximum of 150 nanoseconds for the input signal to settle
before starting a conversion. The input of the ADC-508 starts set-
tling to its final value while the SHM-45 is in the acquisition mode.

At the end of the SHM-45's hold mode settling time, the ADC-508’s
input is fully settled. The missing 50 nanoseconds of the required
maximum analog input settling time is made up by the time the
sample/hold is in the acquisition mode.

The SHM-45 is in the sample mode when the ADC-508’s S/H con-
trol (Pin 17) is high. The S/H control pin is high and thus in the sam-
ple mode when the A/D is not performing a conversion.

The S/H control pin goes low after the rising edge of the START
CONVERT puise a minimum of 10 nanoseconds and a maximum
of 25 nanoseconds later. To assure the SHM has 200 nano-
seconds maximum acquisition time, the START CONVERT pulse
should be given a minimum of 190 nanoseconds after the desired
start of the acquisition time. The width of the START CONVERT
pulse should be 105 nanoseconds minimum to assure the hold
mode setting time of 100 nanoseconds is observed. The 105 nano-
seconds takes into account the min-max propagation delays of the
START CONVERT high to S/H control low propagation delays and
the START CONVERT low to EOC high propagation delays.

Conversion being initiated, switch S1 of the ADC closes and S2
opens. The analog input, having been configured for the appropri-
ate range (+ 10V range shown), is buffered and then digitized by
the 7-bit flash ADC to determine the seven most significant bits.
The seven bits of data are then stored in a register and provided to
the input of a 7-bit digital-to-analog converter. The DAC has 13 bits
of linearity.

The first pass finished, S2 closes and S1 opens. The output of the
DAC is then subtracted from the analog input. The result is a
voltage difference between the first 7-bit digitization and the analog
input. This voltage difference is amplified and converted by the
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7-bit ADC. The resuit of this second conversion is then latched to
determine the least 7 significant bits. The outputs from the two
registers are then added by the digital correction logic to produce a
12-bit word. EOC goes low, indicating the conversion is complete,
and the output passes to three-state output buffers.

Once the second step of the flash ADC is finished, the analog input
can change even though the conversion cycle has not been com-
pleted (EOC going low). The Sample/Hold control pin goes high a
minimum of 30 nanoseconds before EOC goes low, indicating that
the SHM-45 can be put back into the sample mode. This feature
improves the overall throughput of the ADC-SHM system.

Data from the previous conversion would be valid up to 350 nano-
seconds after the falling edge of the START CONVERT pulse. Data
from the new conversion is valid a minimum of 25 nanoseconds
before EOC goes low and valid up to 350 nanoseconds after the
falling edge of the next START CONVERT pulse. There is a 10
nanosecond maximum delay after the three-state output buffers
are enabled before the data is valid at the device output.

The overall throughput using the ADC-508 and the SHM-45 con-
sists of 200 nanoseconds for the sample time, 100 nanoseconds
for the hold and input settling time, 15 nanoseconds for observance
of min-max propagation delays and 770 nanoseconds for the con-
version process (S/H control pin saves 30 nanoseconds). Total
throughput is a maximum of 1085 nanoseconds for the system for
a guaranteed throughput rate of 920 KHz.

The ADC-508’s conversion rate without a sample-hold would be
150 nanoseconds for input settling time and 800 nanoseconds for
the ADC-508, yielding a minimum of 1.0 MHz_conversion rate.
Retriggering of the start convert pulse before EOC goes low will
not initiate a new conversion.

The performance characteristics shown in Table 6 apply over the
operating temperature range and over the operating power supply
range unless otherwise specified. These charateristics are guaran-
teed by design. .

TABLE 6. PERFORMANCE CHARACTERISTICS AT
DIFFERENT TEMPERATURES

CHARACTERISTIC
Conversion Rate (Changing Inputs):
ADC-508

VALUE

0°C to +70°C
-55°Cto +125°C

Harmonic Distortion (Below FS):
+25°C

0°Cto +70°C
-55°C to +125°C

1.0 MHz minimum
960 KHz minimum

—72 dB minimum
—72 dB minimum
- 65 dB minimum

To fully utilize the dynamic range of the ADC-508 , the SHM-45 can
be hardware-programmed to provide the appropriate output
voltage range. Table 7 shows the different input ranges which can
be obtained by selecting the appropriate SHM-45. See the SHM-45
data sheet for connection details.

TABLE 7. ADC-SHM INPUT RANGES

VinRange Gain
Oto +10 +1
Oto -10 -1

-5to +5 -2

-10to +10 -1
Oto -20 -05
Oto -5 -2
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20K
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Figure 4. ADC-SHM Connection Diagram

BIT2
+10V REF
0.1,F 47 uF BIT3
RANGE
BIT4
BIT5
1 INPUT HI
[ LESS THAN 1 —3> ADC-508 ae
INPUT LOW BIT7
BITS
+5V dc eme
O——@ COMP BIN BIT 10
BIT 11
START CONVERT BIT 12 (LSB)
START CONVERT
OVERFLOW
ENABLE
_ BITS 6-12
S/H CONTROL
< 7} sificonTROL EoC
s Q)
20K NO CONNECTION
-15V +15V
OFFSET ADJUST

ORDERING INFORMATION

OPERATING
MODEL TEMP. RANGE SEAL
ADC-508-MC 0°C to +70°C Hermetic
ADC-508-MM -55°C to +125°C Hermetic
ACCESSORIES
Part Number Description
TP20K Trimming Potentiometers:

(Two required).

Receptable for PC board mounting can be ordered through
AMP Incorporated, #3-331272-8 (Component Lead Socket), 32
required.

For high reliability version of the ADC-508 contact DATEL.
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~ ADC-510, ADC-515
@ L] /'—EJEL 10-Bit, Uitra-fast, Low-power
A/D Converters

FEATURES

* 10-Bit resolution

® 450 Nanosecond conversion time
e Lower-power, 1.6W

* Small initial errors

® Three-state output buffers

® -55°C to +125°C operation

e Small 32-pin DIP
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GENERAL DESCRIPTION

oFFser

DATEL’s ADC-510 and ADC-515 reflect
the ultimate in state-of-the-art analog sig- o

@) ore

 ——

[

1

E——

- ) ors
nal conversion technology. The ADC-510 Wt G O s D ore
boasts a remarkable conversion speed of & commicton (sl QUL ) o

. Low F— 29 ere
380 nanoseconds, along with a low-power 37 .
consumption of 1.6 watts. = o e ] Ll ) aro
DATEL's ADC-510 and ADC-515 are s oo ™ o Ne
10-bit analog-to-digital converters which o ey ® e
have small initial errors and can also pro- | oo [} flf_@ e
vide adjustment capability for system er- — D) overrion
rors. Both models have identical specifica- o8 9 = O C

tions except for conversion times. The
ADC-515 has a maximum conversion time Figure 1. ADC-510, ADC-515 Simplified Block Diagram
of 650 nanoseconds while the ultra-fast
ADC-510 accomplishes a 10-bit conver-
sion in less than or equal-to 425 nano-
seconds. Figure 1 is a simplified block
diagram applicable to both devices.

Manufactured using thick-film and thin-film

hybrid technology, these converters’ MEC"‘AI:f:é-SD'MENS'O"S 'ggx;fcl::.}'gﬂ;
remarkable performances are based upon (mm)
a digitally-corrected subranging architec- PIN SIGNAL NAME
ture. DATEL further enhances this tech- 1 +10V REF
nology by using a proprietary custom chip }‘__1 101 MAX_>{ 2 RANGE
h M 3 INPUT HIGH
and unique laser trimming schemes. The (280) + 2 INPUT LOW
ADC-510 and ADC-515 are packaged in a : 0190 (4.9) MAX 5 OFFSET ADJUST
32-pin ceramic DIP. : ’ 6 NO CONNECTION
; * 7 COMP BIN
8 OVERFLOW
The ADC-510 and ADC-515 feature three 28 MIN 0010 x 0018 Kovar 9 ENABLE(6-10)
.y N X 0.150 (38) 10 ENABLE (1-5, O.F)
pin-programmable input ranges: 0 to " w5V
+10V, 0 to +20V, and + 10V dc. The in- :16 17 : 12 DIGITAL GROUND
put impedance is specified at 1.75K 1l 1 13 +15V
minimum for unipolar ranges and 3.75K ' X 1712 MAX b -1V
minimum for the bipolar range, reducing 1 ' (435) :g ;SXLOG GROUND
stringent  drive requirements.  Other o BOIoM | |15 spaces 7 S/H CONTROL
specifications include a maximum non- ' | a'°:g°5)ea°" 18 EOC
linearity of +1 LSB, a maximum gain ! , ’ » Ne
tempco of +35 ppm/°C and a maximum ' ! g? g,CT 10 (LSB)
differential linearity tempco of +2.5 ' ' 2 BITS
ppm/°C. \ | ' 23 BIT8
D ) (Bl 321 0.100 24 BIT7
All digital inputs and three-state outputs 0 25 BIT6
are TTL- and CMOS-compatible. Output }4___0_900__44_0-100 26 BITS
coding can be in straight binary/offset 229) @25) z ggg
binary  or complementary binary/ 29 BIT2
complementary offset binary by using the NOTE: Pins have 0.025 inch, +0.01 30 BIT 1 (MSB)
COMP BIN pin. An overflow pin in- stand off from case 31 START CONVERT
dicates when inputs are below or above 32 GAIN ADJUST

the normal full-scale range.
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Another novel feature of the ADC-510 is the provision of a Sam-
ple/Hold control pin for applications where a sample-hold is used in
conjunction with the ADC-510. This feature allows the sample-and-
hold device to go back into the sample mode a minimum of 30
nanoseconds before the conversion is complete, improving the
overall conversion rate of the system.

Power required for both models is + 15V dc and +5V dc. Models
are available in the commercial 0°C to +70°C, and military
—55°C to +125°C operating temperature range. Typical applica-
tions include spectrum, transient, vibration, and waveform
analysis. These devices are also ideally suited for radar, sonar and
video digitization, medical instrumentation, and high-speed data
acquisition systems. For information on versions with high reliability
screening, contact the factory.

ABSOLUTE MAXIMUM RATINGS

Parameters MINIMUM MAXIMUM UNITS
+15V Supply (Pin13) ... 0 +18 Volts dc
—15V Supply (Pin 14) . .. 0 -18 Volts dc
+5V Supply (Pin11) .... -05 +7 Volts dc
-5V Supply(Pin15) .... +05 -7 Volts dc
Digital Inputs

(Pins7,9,10&31).... -03 +6 Volts dc
Analog Input (Pin3).. ... -15 +15 Voits dc
Lead temp. (10 sec)..... 200 °

PERFORMANCE (cont.)

DESCRIPTION MIN. TYP. MAX UNITS
Unipolar Zero Error,
+25°C ............. — +% +1 LSB
Unipolar Zero Tempco .. | — +13 +25 ppm/°C
Bipolar Offset Error,
+25°C ............. —_ +2 +5 LSB
Bipolar Offset Tempco .. | — +13 +25 _ppm/°C
Gain Error, +25°C ..... — +2 5 LSB
GainTempco.......... — +175 +35 ppm/°C
Conversion Times:
ADC-515, +25°C
0°Cto +70°C(-BMC) | — — 450 nsec.
-55°Cto +125°C
(-BMM) ........... — — 510 nsec.
ADC-510, +25°C
0°Cto +70°C
(-BMC) ........... —_ - 630 nsec.
-55°Cto +125°C
BMM) ........... — — 700 nsec.

Over the Operating Temp. Range

POWER SUPPLY REQUIREMENTS

FUNCTIONAL SPECIFICATIONS

Apply over the operating temperature range and over the operating
power supply range unless otherwise specified.

Power Supply Range:

+15V.dc Supply ..... +14.25 +15 +15.75 Volts dc
—15Vdc Supply ..... -14.25 -15 -15.75  Volts dc
+5VdcSupply ...... +4.75 +5 +5.25 Volts dc
-5VdcSupply ...... -4.75 -5 -5.25 Volts dc
Power Supply Current:
+15VSupply ........ — — +30 mA
-15VSupply ........ — — -15 mA
+5VSupply......... — — +90 mA
-5VSupply......... — — -210 mA
Power Dissipation ... . . .. — 16 18 Watts
Power Supply Rejection .| — — 0.01  %FSR/%V
PHYSICAL-ENVIRONMENTAL
Operating Temp. Range:
-BMC ............. 0 — +70 °C
-BMM ............. -55 — +125 °C
Storage Temperature
Range ............... -65 — +150 °C
Package Type ......... 32-pin hermetic sealed, ceramic DIP
Pins ................. 0.010 x 0.018 inch Kovar
Weight ............... 0.42 ounces (12) grams

DESCRIPTION MIN. TYP. MAX. UNITS
INPUTS
Input Voltage Range ....| — Oto +10 — Volts dc
— Oto +20 - Volts dc
— +10 — Volts dc
Logic Levels: Logic1 ...| 2.0 — — Volts dc
Logic0 ...| — — 0.8 Volts dc
Logic Loading: Logic 1 ..| — — 25 A
Logic0..| — — -100
OUTPUTS
Output Coding:
(Pin7High) ......... straight binary/offset binary
(Pin7Low).......... complementary binary
complementary offset binary
Logic Levels: Logic1 ...[ 24 — — Volts dc
Logic0 ...| — — 0.4 Volts dc
Logic Loading: Logic 1 ..| — — -160 A
Logic0 ..| — — 6.4 mA
Internal Reference:
Voltage, +25°C 9.98 — 10.02 Volts dc
Drift ............... — +5 +30 ppm/°C
External Current — — 1.5 mA
PERFORMANCE
Integral Nonlinearity:
+25°C .. ...l — — % LSB
0°Cto +70°C ....... —_ — % LSB
-55°Cto +125°C ...| — — 1 LSB
Integral Nonlin. Tempco. — — +10 ppm/°C
Differential Nonlinearity
+25°C............. — t% LSB
0°Cto +70°C ...... — — +% LSB
-55°Cto +125°C ... +2 +% LsB
Differential Nonlin.
Tempco ............ — — +75 ppm/°C
Full-Scale Absol.
Accuracy:
+25°C............. +2 +6 LSB
0°Cto +70°C ...... — +4 +9 LSB
-55°Cto +125°C ... +8 +1.5 LSB

TECHNICAL NOTES

1. Use external potentiometers to remove system errors or the
small initial errors to zero. Use a 20K trimming potentiometer for
gain adjustment with the wiper tied to pin 32 (ground pin 32 for
operation without adjustments). Use a 20K trimming poten-
tiometer with the wiper tied to pin 5 for zero/offset adjustment
(leave pin 5 open for operation without adjustment).

2. Rated performance requires using good high frequency circuit
board layout techniques. The analog and digital grounds are not
connected internally. Avoid ground-related problems by connec-
ting the digital and analog grounds to one point, the ground
plane beneath the converter (versus at the power supply ter-
minals when the power supplies are located some distance from
the ground plane). Due to the inductance and resistance of the
power supply return paths, return the analog and digital ground
separately to the power supplies. This prevents contamination
of the analog ground by noisy digital ground currents.
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3.

Bypass all the analog and digital supplies and the + 10V
reference (pin 1) to ground with a 4.7 xF, 25V tantalum elec-
trolytic capacitor in parallel with a 0.1uF ceramic capacitor.
Bypass the + 10V reference (pin 1) to analog ground (pin 16).
The -5V dc supply is treated as an analog supply and analog
ground (pin 16) should be treated as its return path for decoupl-
ing purposes.

. Obtain_straight binary/offset binary output coding by tieing

COMP BIN (pin 7) to +5V dc or leaving it open. The device has
an internal pull-up resistor on this pin. To obtain complementary
binary or complementary offset binary output coding, tie the
COMP BIN pin to ground. The COMP BIN signal is compatible
to CMOS/TTL logic levels for those users desiring logic control
of this function.

. An overflow signal, pin 8, indicates when analog input signals

are below or above the desired full-scale range. The overflow
pin_also has a three-state output and is enabled by pin 10
(Enable bits 1-5 & O.F.).

. The Sample/Hold control signal, pin 17, goes low following the

rising edge of a START CONVERT pulse and high 30 nanose-
conds minimum before EOC goes low. This indicates that the
converter can accept a new analog input.

. The drive requirements of the ADC-510/515 may be satisfied

with a wide-bandwidth, low output impedance input source. Ap-
plications of these converters that require the use of a sample-
hold may be satisfied by using DATEL’s model SHM-45. Using
this device with multiplexers or for test purposes will require an
input buffer.

ANALOG
INPUT

8. Over temperature, input capacitance is 50 pF maximum and in-
put impedance is 1.75K minimum (2.5K typical) for unipolar and
3.75K minimum (5K typical) for bipolar. These values are
guaranteed by design.

TIMING

Figure 2 shows the relationship between the various input signals.
The timing cited in Table 1 applies over the operating temperature
range and over the operating power supply range. These times are
guaranteed by design.

TABLE 1. SIGNAL TIMING SUMMARY

LINE

DURATION IN NANOSECONDS

Start Convert

50 nsec. minimum

Analog Input Settling Time

150 nsec. minimum

Start Convert Low to EOC
High Propagation Delay

35 nsec. maximum

Start Convert Low to Previous

275 nsec. minimum

Output Data Invalid
Data Valid Before EOC

Goes Low
Enable to Output Data Valid

Propagation Delay

25 nsec. minimum

10 nsec. maximum

NOTE NOT DRAWN TO SCALE

T

ANALOG
INPUT

SETTLING
TIME

START

I
N ’ﬂ‘ 85 nSec. MINIMUM (When used with SHM-45)
Ll

CONVERT

_.I

'
1
|
]
1

_.I

|.t_

150 nSec
MINIMUM
1
1
1
I
i
T
]
'
1
|
i
)
]
]
il
1
i
I
1

|

1
'
I—— 80 nSec. HOLD MODE SETTLING TIME

170 nSec. ACQUISITION TIME

TEMPERATURE: 0to +70 °C -55t0 +125 °C
ADC 510

480nSec.  510nSec.

650nSec. 700 nSec.

T, MAXIMUM

I

EOC

4] 20nSec MINIMUM
35nSec MAXIMUM

e

10nSec MINIMUM

——
25nSec MAXIMUM

1
[}
1
_ |
s —— 1

L 275 nSec.

25 nSec
MINIMUM

I MINIMUM

4

OUTPUT DATA

DATA N-1 VALID

W oo

ENABLED DATA N-1 VALID

(BITS 1:5.0F)

10 nSec
MAXIMUM

ENABLED DATAN
I-& VALID

ENABLED DATA N-1 VALID
(BITS 6-10) l

10 nSec
MAXIMUM

NABLED DATA N
I‘— VALID

INVALID DATA m

V“

Figure 2. ADC-510 and SHM-45 Timing Diagram
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CALIBRATION PROCEDURE

Removal of system errors or the small initial errors is accomplished
as follows:

1. Connect the converter per Figure 3 and Table 2 for the ap-
propriate full-scale range (FSR). Apply a pulse of 50
nanoseconds minimum to the START CONVERT input (pin 31)
at a rate of 500 kHz. This rate chosen to reduce flicker if LED’s
are used on the outputs for calibration purposes.

2. Zero and Offset Adjustments

Apply a precision voltage reference source between the analog
input (pin 3) and ground (pin 16). Adjust the output of the
reference source per Tables 3a and 3b for the unipolar zero ad-
justment (+2LBS) or the bipolar zero adjustment (Zero +':LBS)
for the appropriate FSR. Adjust the zero trimming potentiome-
ter so that the output code flickers equally between 00 0000
0000 and 00 0000 0001 with the COMP BIN (pin 7) tied high or
between 1111111111 and 111111 1110 with the COMP BIN tied
low.

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000 0000
0001 with COMP BIN tied high or between 0111 1111 1111 and
0111 1111 1110 with COMP BIN tied low.

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 3a or 3b for the unipolar or bipolar gain ad-
justment (+FS - 112LSB) for the appropriate FSR. Adjust the
gain trimming potentiometer so that the output code flickers
equally between 11 1111 1110 and 11 1111 1111 for
COMP BIN (pin 7) tied high or between 00 0000 0001 and
00 0000 0000 for COMP BIN tied low.

4. To confirm proper operation of the device, vary the precision

reference voltage source to obtain the output coding listed in
Tables 4 and 5.

TABLE 2. INPUT CONNECTIONS

INPUT VOLTAGE RANGE INPUT PIN CONNECT PIN 2 (RANGE) TO PIN:
0to +10V dc 3 3

0to +20V dc 3 16

+10V dc 3 1

TABLE 4. OUTPUT CODING FOR UNIPOLAR

OPERATION
UNIPOLAR INPUT RANGES,
SCALE VOLTS dc OUTPUT CODING
STRAIGHT BINARY COMP. BINARY
Oto + 10V | Oto +20V | MSB LSB | MSB LSB |
+FS_1USB | +9.99023V | +19.9804V| 11 1111 1111 | 00 0000 0000
7 FS +8.7500V | +17500V | 11 1000 0000 | 00 0111 1111
WFS 75000V | +15000v | 11 0000 0000 | 00 1111 1111
BFS +50000V | +10000V | 10 0000 0000 | 01 1111 1111
s FS 25000V | +5.0000V | 01 0000 0000 | 10 1111 1111
BFS +1.2500V | +2.5000V | 00 1000 0000 | 11 0111 1111
+1Ls8 +¥000977V| +00195V | 00 0000 0001 | 11 1111 1110
0 0.0000V 0.0000V 00 0000 0000 1 1M1 1mn
15V 15V sv
ST | a7 a7,
014F 014F
Ealpl
—

+15VQ GAIN ADJUST

20K

15V

-
47—6

+5Vdc :
J‘L@

(O]

GAIN ADJUST

+10V REF

RANGE

INPUT HI

INPUT LOW

COMP BIN

START CONVERT

S/H CONTROL

TABLE 3a. ZERO AND GﬁlglEADJUST FOR UNIPOLAR

UNIPOLAR FSR ZERO ADJUST GAIN ADJUST
+% LSB +FS -1 LSB
Cto +10V dc +4.88mV +9.9927V dc
0to +20V dc +9.77mV. +19.9854V dc

TABLE 3b. ZERO AND GAIN ADJUST FOR BIPOLAR USE

BIPOLAR FSR ZERO ADJUST GAIN ADJUST
ZERO +%LBS +FS -1% LSB
+10V do +9.77mV +9.9707V dc

ADC-510

ENABLE
BITS 158 0F

BIT 1(MSB)
BIT2

8IT3

aiTe

8ITs

BIT6

a7

BITs

eIrg

BIT 10 (LSB)
NO CONNECTION

NO CONNECTION

OVERFLOW

ENABLE
BITS 6:10

1) EOC

20K

R

ZERO/OFFSET ADJUST

©

NO CONNECTION

Figure 3. ADC-510 Calibration Circuit
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ADC-510, ADC-515

TABLE 5. OUTPUT CODING FOR UNIPOLAR

OPERATION

BIPOLAR INPUT OUTPUT CODING
SCALE RANGE OFFSET BINARY COMP. OFFSET BINARY
-+10Vdc msSB LSB MsSB LsB
+FS-1LSB +9.9805V 1" 1 11 00 0000 0000
+3%FS +7.5000V 1" 1000 0000 00 0111 1n
+12FS +5.0000V 1 0000 0000 00 111 111
0 0.0000V 10 0000 0000 01 111 1mn
-"2FS -5.0000V 01 0000 0000 10 1 11
-3 FS ~7.5000V 1" 1000 0000 11 o111 1
-FS +1LSB -9.9805V 00 0000 0001 1 1111 1110
-FS -10.000V 00 0000 0000 1 1mn 111

THEORY OF OPERATION (ADC-510 and SHM-45)

This theory of operation describes the ADC-510’s operation in con-
junction with DATEL’s SHM-45. The SHM-45 sample-and-hold
device can be used to capture fast signals for an ADC-510 to then
digitize. Figure 4 shows a typical ADC-SHM circuit. The ADC-510
employs a subranging architecture with digital error correction.
Also known as a two-step method of conversion, this technique
uses a single 7-bit flash converter twice in the conversion process
to yield a final resolution of 10 bits. Refer to the ADC-SHM connec-
tion diagram, the ADC block diagram, and the timing diagram as
needed (Figures 4, 1, and 2 respectively).

The SHM-45, upon acquiring the input signal on the hold capacitor
(170 nanoseconds maximum acquisition time to 0.1%), is put into
the hold mode prior to the analog-to-digital conversion. In the hoid
mode, the SHM-45 requires a maximum of 80 nanoseconds to
have its output buffer settle to 0.1% accuracy. The ADC-510 re-
quires a maximum of 150 nanoseconds for the input signal to settle
before starting a conversion. The input of the ADC-510 starts set-
tling to its final value while the SHM-45 is in the acquisition mode.
At the end of the SHM-45's hold mode settling time, the ADC-510’s
input is fully settled.

A minimum START CONVERT pulse of 85 nanoseconds is
required, conversion starting on the falling edge of the START
CONVERT pulse with EOC going high a maximum of 35 nanose-
conds later. The missing 30 nanoseconds of the required maxi-
mum analog input settling time is made up by the time the sample/-
hold is in the acquisition mode.

The SHM-45 is in the sample mode when the ADC-510’s S/H
control (Pin 17) is high. The S/H control pinis high and thus in the
sample mode when the A/D is not performing a conversion.

The S/H control pin goes low after the rising edge of the START
CONVERT pulse a minimum of 10 nanoseconds and a maximum
of 25 nanoseconds later. To assure the SHM has 170 nanoseconds
maximum acquisition time, the START CONVERT pulse should be
given a minimum of 160 nanoseconds after the desired start of the
acquisition time. The width of the START CONVERT pulse
should be 85 nanoseconds minimum to assure the hold mode
settling time of 80 nanoseconds is observed. The 85 nanoseconds
takes into account the min-max propagation delays of the START
CONVERT high to S/H control low propagation delays and the
START CONVERT low to EOC high propagation delays.

Conversion being initiated, switch S1 of the ADC closes and S2
opens. The analog input, having been configured for the ap-
propriate range ( + 10V range shown), is buffered and then digitized
by the 7-bit flash ADC to determine the seven most significant bits.
The seven bits of data are then stored in a register and provided to
the input of a 7-bit digital-to-analog converter. This DAC has 13 bits
of linearity.

The first pass finished, S2 closes and S1 opens. The output of the
DAC is then subtracted from the analog input. The result is a
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voltage difference between the first 7-bit digitization and the analog
input. This voitage difference is amplified and converted by the
7-bit ADC. The result of this second conversion is then latched to
determine the least 7 significant bits. The outputs from the two
registers are then added by the digital correction logic to produce a
10-bit word. EOC goes low, indicating the conversion is complete,
and the output passes to three-state output buffers.

Once the second step of the flash ADC is finished, the analog input
can change even though the conversion cycle has not been com-
pleted (EOC going low). The Sample/Hold control pin goes high a
minimum of 30 nanoseconds before EOC goes low, indicating the
the SHM-45 can be put back into the sample mode. This feature
improves the overall throughput of the ADC-SHM system.

Data from the previous conversion would be valid up to 275
nanoseconds after the falling edge of the START CONVERT pulse.
Data from the new conversion is valid up to 275 nanoseconds after
the falling edge of the next START CONVERT pulse. There isa 10
nanosecond maximum delay after the three-state output buffers
are enabled before the data is valid at the device output.

The overall throughput of the ADC-510 and the SHM-45 configura-
tion consists of the 170 nanoseconds for the sample time, 80
nanoseconds for the hold and input settling time, and 480 nanose-
conds for the conversion process (S/H control pin saves 30
nanoseconds). Total throughput is a maximum of 730 nanose-
conds for the system or a throughput rate of 1.35 MHz. The ADC-
510’s conversion rate without a sample-hold would be 150 nano-
seconds for input settling time and 480 nanoseconds for the
ADC-510, yielding a minimum of 1.55 MHz conversion rate.
Retriggering of the START CONVERT pulse before EOC goes low
will not initiate a new conversion.

The performance characteristics shown in Table 6 apply over the
operating temperature range and over the operating power supply
range unless otherwise specified. These characteristics are gua-
ranteed by design.

TABLE 6. PERFORMANCE CHARACTERISTICS AT
DIFFERENT TEMPERATURES

CHARACTERISTIC VALUE

Conversion Rate (Changing Inputs):
0°C to +70°C (ADC-510)
-55°C to +125°C (ADC-515)

Harmonic Distortion (Below FS):
+25°C

0°Cto +70°C
-55°C to +125°C

1.55 MHz minimum
1.25 MHz minimum

—~60db minimum
~60db minimum
-60db minimum

To fully utilize the dynamic range of the ADC-510/515, the
SHM-45 can be hardware programmed to provide the appropri-
ate output voltage range. Table 7 shows the different input
ranges which can be obtained by selecting the appropriate
SHM-45 gain. See the SHM-45 data sheet for connection
details.

TABLE 7. ADC-SHM INPUT RANGES

Vin Range Gain
Oto +10 +1
Oto -10 -1

-5to +5 -2

-10to +10 -1
Oto -20 -0.5
Oto -5 -2
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+15V dc Q GAIN ADJUST

20K

)

-15V dc

0to +10V INPUT

—@

HOLD

HOLD

SHM-45

1uF 47 4F

Ll

[<®- LESS THAN 1" —3»1

\/

+5Vdc :
{31 i

-

CONTROL &
DELAY CIRCUIT

Figure 4. ADC-SHM Connection Diagram
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START CONVERT
AN

HOLD COMMANDS

Y

S/H CONTROL

+15v '} 15V W ey
AT | aT7uF (o]
—e—i '_j, 47uF aTuF
01uF 014F '—{ |-—< =
}-—1*—4 —4 0.14F 0.14F
{4
ENABLE
BITS1-58 OF.
. GAIN ADJUST
BIT 1(MSB)
BIT2
+10V REF
BIT3
RANGE
BIT4
INPUT HI 8IS
ADC-510 Bie
INPUT LOW BIT7
BIT8
BIT9
COMP BIN
BIT 10 (LSB)
no connection
START CONVERT noconnection
@ OVERFLOW
@ ENABLE
BITS 6-10
S/H CONTROL @ €0C
s )
20K NO CONNECTION
-5V +15V
OFFSET ADJUST
ORDERING INFORMATION
OPERATING
MODEL TEMP.RANGE SEAL
ADC-510-BMC 0°C to +70°C Hermetic
ADC-510 BMM ~55°Cto +125°C Hermetic
ADC-515-BMC 0°C to +70°C Hermetic
ADC-515-BMM -55°Cto +125°C Hermetic
ACCESSORIES
Part Number Description
TP20K Trimming Potentiometers:

(Two required).

Receptable for PC board mounting can be ordered through
AMP Incorporated, #3-331272-8 (Component Lead Socket), 32
required.

For high reliability version of the ADC-510 and ADC-515, con-
tact DATEL.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356



D [OVAY=[L

FEATURES

® 900 Nanoseconds maximum conver-
sion time

® Adjustment-free operation

® Industry standard converter

® —55°C to +125°C Version

* Wide power supply range

GENERAL DESCRIPTION

DATEL’s ADC-5101 is a high-speed,
adjustment-free, 8-bit analog-to-digital
converter. Pin-compatible with industry-
standard 5101 converters, these devices
offer high speed and high accuracy with a
full military temperature range version
available.

Using the successive approximation
method, the ADC-5101 achieves a conver-
sion time of only 900 nanoseconds max-
imum, making it an ideal choice for high
speed, multiplexed data acquisition sys-
tems. Active laser trimming of highly
stable thin-film resistor networks elimi-
nates the need for external gain or offset
adjustments. Overall full-scale absolute
accuracy is only +, LSB at +25°C and
only +2 LSB over the full military
operating temperature range.

ADC-5101
Adjustment-Free
8-Bit A/D Converter

BIPOLAR
OFFSET  REF OUT

@O @ G

ANALOG .
GND @ 16) + 15V ac
39kQ 39kQ

DIGITAL @ @ - 15V dc
GND - VREF

| L (6) v

COMPARATOR ‘ ‘ L

31kQ 3 1kQ | f

N

ANALOG 12

Output coding is straight binary for
unipolar operation and offset binary for
bipolar operations with both parallel and
serial outputs brought out. Digital outputs
are TTL-compatible and can drive 5 TTL
loads. Nine analog input voltage ranges
are programmable by external pin
connection.

The ADC-5101H is specified for operation
over the full military operating temperature
range of —55°C to +125°C. Other models
are specified for operation over the com-
mercial 0°C to +70°C operating temper-
ature.

All models require + 15V dc and +5V dc
for operation and are packaged in .a
24-pin, hermetically sealed ceramic
Jackage.

INPUT v
FIF pnoé%ilﬁmsn __‘ c{:ﬁv’sm
ANALOG and
INPUT LATCH j
SUM 8 = I‘
JUNCTION IT T [ 1
1
[OX3XO.0€ (98
SERIAL EOC ! 2 3 4 5 6 7 8 CLOCKIN
OuTPUT
MSsB BITNO LSB
PARALLEL DATAOQUT
MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
INCHES (MM)
24-PIN CERAMIC
0 800 M.
F“ uuafx“4 ‘
0190 (4.9 wax PIN [FUNCTION PIN | FUNCTION
o L 1 |SERIAL DATA OUT| 13 | — 15V POWER
PRAREE 2 [BIT40UT 14 | REF. OUT
3 [BIT30UT 15 | NIC
112 131 1200
. . 4 [BIT20UT 16 | + 15V POWER
' ' 5 |BIT 1 OUT (MSB) | 17 | BIT 8 OUT (LSB)
' ' |11 SPACES
. v |'ave 00 6 | + 5V POWER 18 | BIT 7 OUT
EA(2.5)
LA 519 ax 7 |BIPOLAR OFF. 19 | BIT 6 OUT
' . 8 [SUM JUNCTION [ 20 | BIT 5 OUT
! ! 9 |BIPOLAR OFF. 21 | EO.C. (STATUS)
L}
' ' 10 |ANALOG GND. 22 | DIGITAL GND.
o 2 0100 11 [ANALOG INPUT | 23 | CLOCK INPUT
PINT 12 [ANALOG INPUT | 24 | START CONVERT

0.600 [ IOO
(15.2) 2.5

NOTE: PINS HAVE 0.025 INCH STANDOFF FROM CASE, +0.01"
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ABSOLUTE MAXIMUM RATINGS

Analo%SuppIy .......................... +0.5V dcto +17V dc
LogicSupply ...t -0.5Vdcto +7Vdc
Analoginput ............................ +25V dc
Digitalinputs.. . ....................... ... -0.5Vdcto +5.5Vdc

FUNCTIONAL SPECIFICATIONS
Typical at +25°C, +15V dc and +5V dc supplies, uniess otherwise noted.

PHYSICAL/ENVIRONMENTAL
Operating Temp.

Range,

ADC-5101 ..... 0°Cto +70°C

ADC-5101H.... -55°Cto +125°C
Storage Temp.

Range ........ —65°C to +150°C

Package Type ... 24 pin hermetically
sealed ceramic

INPUTS
Analog Input Ranges, unipolar . ............ Oto -5V dc, 0to —10V dc, 0 to —20V dc
Oto +5Vdc,0to +10V dc, 0 to +20V dc
bipolar.............. +2.5V dc, +5V dc, +10V dc
Input Impedance, 5Vrange............... 1.5 kQ
10V range . .. 3.0kQ
20Vrange .. 6.0 kQ
Input Logic Levels, Logic ‘1", . . +2.0V
Logic ““0”’, max. . .. +0.8V
StartConversion......................... Negative going pulse with duration of 25
nsec. min. Loading:2 2 TTL loads
Clock Input, Pulse width high, min. ......... 20 nsec.
Pulse widthlow, min. .......... 46 nsec.
OUTPUTS
ParallelOutputData ...................... 8 parallel lines of data held until next con-

version command.
Output Logic Levels

FOOTNOTES:

1. Converter will reset on the first edge of the clock
after START CONVERT goes low and will con-
vert the MSB on the next rising edge of the
clock. If the START CONVERT is held low, the
converter will be reset but will not convert the
MSB until the first rising edge of clock after the
START CONVERT returns high.

2. One TTL load is defined as 40 pA at logic “1”

and —1.6 mA at Logic “‘0”.

. Clock input loading is 1 TTL load.

. At the end of the conversion, the E.O.C. signal

will remain low until the converter is reset. The

parallel data is valid for the entire time the

E.O.C. signal is low.

Absolute accuracy includes offset, gain, lineari-

ty, and all other errors. See Technical Note 3.

FSR is full-scale range.

HW

I

Logic ‘““1”’, min. . .. +24V
Logic “‘0”’, max. coo. +0.4V

Fanout.............ccoviiiiiiiinnennnn, 5 TTL loads

Coding, unipolar......................... Straight binary

bipolar....................... ... Offset binary

SerialOutputData ....................... NRZ successive decision pulses out, MSB
first, at the clock frequency. .

End of Conversion (E.O.C.)% ............... Conversion Status Signal. Output is high
during reset and conversion, low when con-
version is complete

Ref OutputVoltage ................. -6.2V

PERFORMANCE

Resolution...............ciivinnnnnn, 8 Bits

Conversion Time,max. ................... 900 nsec. max.

Nonlinearitymax. ........................ +1% LSB

Differential Nonlinearity, max. .............. +1, LSB

Absolute Accuracy, max.5................. +1, LSB

Absolute Accuracy vs. temperature

0t0 +70°C, MaAX. .....ovvuneennenns +1LSB

—-55t0 +125°C,max. .................. +2LSB
Reference Output Tempco................. 5 ppm/°C typ., 20 ppm/°C max.
Power Supgly Rejection

Positive upplY ........................ +0.002% FSR8/% Supply

NegativeSupply ....................... +0.002% FSR/% Supply

Logic Su;g:ly .......................... +0.01% FSR/% Supply
NoMissingCodes . ..............covvuunn. Over operating temperature range

POWER REQUIREMENTS

Analog Supply, Pin16 .................... +10V dc to + 16V dc at 35 mA max.
Pin13 ...t —10V dc to — 16V dc at 35 mA max.
Logic Supply,Pin6....................... +5V dc +0.25V dc at 100 mA max.
Power Dissipation,max. .................. 1.2W
1-62

TECHNICAL NOTES

1. The use of good high frequency circuit
board layout techniques is required for
optimum performance. The analog
common (Pin 10) and digital common
(Pin 22) are not connected internally
and therefore should be connected ex-
ternally as close to the package as
possible. For best results, this common
connection should be a large ground
plane running under the device
package.

2. Both analog and digital supplies shoulc
be bypassed to ground with 1.0 xF elec:
trolytic capacitors in parallel with 0.1 xF
disc ceramic capacitors. Bypass capac
itors should be located directly adjacen
to, or on, each supply pin.

3. The absolute accuracy error of an A/L
converter is defined as the differenct
between the theoretical analog inpu
voltage required to produce a givel
digital output and the unadjusted ana
log input voltage actually required t
produce that same code. Because thi
error is measured and specified withot
adjustment, it includes all factors the
may effect the devices accuracy at th
point of measurement: offset erro
linearity error, gain error, and nois
error.

4. The ADC-5101 should be driven frot
low impedance sources capable of hig
frequency current variations. DATEL
AM-452, a wide bandwidth, fast se
tling, monolithic operational ampilifier
recommended for use as a drivir
amplifier.
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TIMING DIAGRAM

CLOCK J . L
START
CONVERT'

MsB

BIT
2

x

E.O.C2

SERIAL®
OUTPUT

FOOTNOTES:

1. The converter is reset by holding the START CONVERT low 2. At the end of the conversion, the E.O.C. will remain low until
during a low to high clock transition. The START CONVERT the converter is reset. The parallel data is valid for the entire
must be low for a minimum of 25 nanoseconds prior to the time the E.O.C. is low.
clock transition. After the START is set high, the conversion ; ; .
will begin on the next rising clock edge. The START CON- 8. The serial output is non-return to zero.
VERT may be set low at any time during a conversion to
reset and begin again.

OUTPUT CODING AND RANGE SELECTION

DIGITAL ANALOG INPUT—UNIPOLAR RANGES DIGITAL ANALOG INPUT — BIPOLAR RANGES
OUTPUT 0TO -5V | 0TO —10V_| 0TO —20V_| 0TO +5V_| 0TO +10V_| 07O +20V OUTPUT £2.5V +5.0V £10.0V
0000 0000 0.000V 0.000V 0.000V +4.981V +9.961V +19.922V 0000 0000 | +2500V | +5.00V +10.000V
0000 0001 -0.019V -0.033V -0.078V +4.961V +9.922V +19.844V 0000 0001 +2.481V | +4.961V +9.922V
0111 1111 —2.481V -4.961V -9.922v +2.500V +5.000V +10.000V 0111 1111 +0.019V | +0.039V +0.078V
1000 0000 -2.500V -5.000V - 10.000V +2.481V +4.961V +9.922V 1000 0000 0.000V 0.000V 0.000V
1111 1110 -4.961V -9.922v ~19.844V +0.019V +0.039V +0.078V 1111 1110 | -2.461V | -4.922v -9.844V
1111 1111 -4.981V -9.961V -19.922v 0.000V 0.000V 0.000V 1111 1111 —2.481V_| -4.961V -9.922v

BASIC GROUND PLANE LAYOUT

INPUT RANGE SELECTION
CONNECT
ANALOG | CONNECT | CONNECT
INPUT INPUT PIN 8 PIN 10
VOLTAGE RANGE | TO PIN TO PIN TO PIN
0to —5V 11 12 7.9
0to —10V 11 — 7.9
0to —20V 12 — 7.9
Oto +5V 11 7.9,12 —
Oto +10V 11 79 —
FHEEMCON 0to +20V 12 7.9 —
N +2.5V 11 9,12 7
+5V 11 9 7
T EENTATIONTO NCLUDE UNUSED ANALGG MRS © BEFORE 10V 12 9 7
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CLOCK>—‘{ IC1D ANALOG
INPUT IC1(DO——@ ADC-5101 ——=< "\NPUT

BITN + 1

EO.C. Ic18 START

CONVERT

IC1 SN7400N QUAD NAND GATE

When less than 8-bit resolution is required, the ADC-5101 may MAXIMUM CONVERSION SPEEDS
be operated at higher conversion speeds by truncating the con-
version when the desired number of bits have been converted. BITS CONVERSION SPEED

Connect the converter as shown in the logic diagram. The bit
output used to drive gate ‘A’ should be one more than the
number of bits to be converted; for example, for 6 bits resolu-
tion, connect this gate to the bit 7 output.

750 nanoseconds
650 nanoseconds
500 nanoseconds
400 nanoseconds

rOOON

ORDERING INFORMATION

OPERATING
MODEL NO. TEMP. RANGE
ADC-5101 0°C to +70°C
ADC-5101H -55°Cto +125°C

For military versions compliant to MIL-STD-883, contact
DATEL.
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D O/ATEL ADC-511

12-Bit, High-Speed,
Low-Power A/D Converter

FEATURES

- 12-Bit resolution

» 1.0 Microsecond maximum con-
version time

- Low-power, 925 milliwatts

« Three-state output buffers

« Functionally complete

« Small 24-pin DIP

vronrs (21

GENERAL DESCRIPTION

ST
wroun

DATEL's ADC-511 uses an advanced de-
sign to provide a high-speed, functionally
complete 12-bit A/D converter in a small AR
24-pin DIP. The ADC-511 delivers a con-

version speed of 1 microsecond while
consuming only 925 milliwatts of power. S
Manufactured using thin- and thick-film hy- oo
brid technology, the ADC-511's exclusive
performance is based upon a digitally-
corrected subranging architecture. : @
DATEL further enhances this technology ’
by using a proprietary custom chip and
unique laser trimming schemes.

FLASH
ADC

LT

ouTPUT
LoGic REGISTER

OIGITAL 3STATE

AR

Functionally complete, the ADC-511 con-

tains an internal clock, three-state outputs . i} . gs .
and an internal reference. The internal Figure 1. ADC-511 Simplified Block Diagram

reference can supply +10V at 1.5 milli-

amps externally. System errors or small in-
itial errors can be adjusted to zero usin INPUT/OUTPUT
external crcuitry, 9 MECHANICAL DIMENSIONS CONNECTIONS
INCHES (mm)
The ADC-511 features two pin program- PIN FUNCTION
mable analog input ranges: 0 to +10V, and 0.800MAX )
+5V dc. The input impedance is specified 20.3) l 1 Bit120UT (LSB)
at 2.0 Kohms minimum, reducing stringent 0.190 MAX 2 Bit110UT
drive requirements. Other specifications l I t (49) i g::;%%l{r
include no missing codes over tempera- 5  Bits OUT
ture, a maximum gain tempco of +35 ppm/ H0.010 X0.018 ” I 0.150 MIN. 6 BityOUT
°C and a maximum differential linearity KOVAR Pins @8 7 Bit6OUT
tempco of +2.5 ppm/ °C. 8  Bit50UT
9 Bit 4 OUT
All digital inputs and three-state outputs 12 13 10 Bit30UT
are TTL and CMOS compatible. Output | 11 Bit20UT
coding can be in straight binary/ offset bi- g 32\1/ OUT (MSB)
nary or complementary binary/ 14 +DIGITALGROUND
complementary offset binary by using the BOTTOM 11 1.310 MAX. 15 EOC
COMP BIN pin. VIEW sPacEs  (33.9) 16 START CONVERT
AT 0.100 17 ENABLE (1-12)

Power required is £15V dc and +5V dc. (2,5) 18 COMPBIN
Models are available in the commercial 0 °C 19 ANALOG INPUT
to +70 °C and military -55 °C to +125 °C op- 20 BIPOLAR
erating temperature ranges. ; o g; :11%‘\// REF

. . . . . . 23  ANALOG GROUND
For information on versions with high reli- 24 15V
ability screening, contact DATEL. 0.600 ‘

(15,2)

NOTE: Pins have a 0.025 inch, 0.01
stand-off from case.
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ADC-511

ABSOLUTE MAXIMUM RATINGS
PARAMETERS LIMITS UNITS
+15V Supply (Pin 22) 0to +18 Volts dc
-15V Supply (Pin 24) Oto-18 Volts dc
+5V Supply(Pin 13) -0.5t0 +7 Volts dc
Digital inputs -0.3t0 +7 Volts dc

(Pins 16, 17, and 18)

Analog input -25t0 +25 Volts dc
Lead temp. (10 sec.) 300 °C max.

FUNCTIONAL SPECIFICATIONS

The following specifications apply over the operating tem-
perature range and power supply range unless otherwise in-

dicated.
INPUTS MIN. TYP. MAX.] UNITS
Analog Signal Range - 0 to+10 - Volts
(See Table 5 also) - - Volts
Input Impedance
Resistance 2 2.5 - K Ohms
Capacitance - - 50 pF
Logic Levels:
Logic 1 2.0 - - Volts
Logic 0 - - 0.8 Volts
Logic Loading:
Logic 1 - - 2.5 pA
Logic 0 - - -100 pA
OUTPUTS
Resolution 12 - - Bits
Logic Levels:
Logic 1 2.4 - - Volts
Logic 0 - - 0.4 Volts
Logic Loading:
Logic 1 - - - 160 pA
Logic 0 - - 6.4 mA
Internal Reference:
+Voltage, +25° C 9.98 10 10.02 | Voltsdc
Tempco - +5 +30 | ppm/°C
External current - - 1.5 mA

Output Coding:

(gi“ :g 'I:“gh) Straight binary/Offset binary
(Pin 18 Low) Complementary binary
Complementary offset binary
PERFORMANCE
Integral Nonlinearity
+25°C - +1/2 +3/4 LSB
0°Cto+70°C - +1/2 +3/4 LSB
-55°Cto +125°C - - +3 LSB
Integral Nonlinearity
Tempco - +3 +8 ppm/~°C
Differential Nonlinearity
+25 °C - +1/2 +3/4 LSB
0 °Cto+70°C - +1/2 +3/4 LSB
-55°Cto+125°C - - +1 LSB
Differential Nonlinearity
Tempco - - +2.5 | ppm/°C

1-66

No missing codes
(For 12 binary bits)

PERFORMANCE MIN. | TYP. MAX.| UNITS
Full-Scale Absolute
Accuracy

+25°C - 3 +7 | LSB

0°Cto+70°C - +4 +13 | LSB

-55°Cto +125°C - 8 +28 | LSB
Unipolar Zero Error @ - +1 +3 | LSB
Unipolar Zero Tempco - +13 +25 | ppnv °C
Bipolar Zero Error @ - +1 +3 |LSB
Bipolar Zero Tempco - +2 +5 pprh/ °C
Bipolar Offset Error ® - +2 +4 | LSB
Bipolar Offset Tempco - +17.5 +35 | ppnv/ °C
Gain Error @ - +2 +4 | LSB
Gain Error Tempco - +17.5 +35 | ppnv °C
Conversion Time

+25°C - - 1.0 | uSec.

0 °Cto+70°C - - 1.0 | pSec.

-55°Cto +125°C - - 1.15 | pSec.

Guaranteed over operating temp. range

Package Type
Pin Type
Weight

POWER
REQUIREMENTS
Power Supply Range
+15V dc Supply +14.25 +15 +15.75| Volts dc
-15V dc Supply -14.25 -15 -15.75 | Volts dc
+5V dc Supply +4.75 +5 +5.25 | Volts dc
Supply Current
+15V Supply - +20 +25 mA
-15V Supply - -20 -28 mA
+5V Supply * - +65 +75 mA
Power Dissipation - 925 1200 mwW
Supply Rejection - - +0.01 | %FSR/%V
PHYSICAL/
ENVIRONMENTAL
Operating Temperature
Range
—MC Models 0 - +70 °C
—MM Models -55 - +125 °C
Storage Temperature
Range -65 - +150 °C

0.010 x 0.018 inch Kovar
0.42(12)oz.(gram)

24-pin hermetically sealed ceramic DIP

* + 5V power usage at 1 TTL logic loading per data output bit.
@ Specifications cited are at +25 °C. See Techical Note 1 for further information.

APPLICATIONS

- High-speed Data Acquisition Systems

- Vibration and Resonance/transient Analysis
« Medical Imaging and Scanning

« Spectrum and Noise Analyzers

« Radar, Sonar, and Video Processing Systems

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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TECHNICAL NOTES

1. Applications unaffected by endpoint errors or those that re-
move them through software will use the typical connections
shown in Figure 2. The optional external circuitry of Figure 4
removes system errors or helps adjust the small initial errors of
the ADC-511 to zero . The external adjustment circuit has no af-
fect on the throughput rate. Table 1 shows how to select the
input range.

2. Additional input ranges are available by using optional exter-
nal adjustment circuitry. Refer to Figure 4 and Table 5.

3. Rated performance requires using good high frequency cir-
cuit board layout techniques. The analog and digital grounds
are not connected internally. Avoid ground-related problems
by connecting the digital and analog grounds to one point, the
ground plane beneath the converter (versus at the power sup-
ply terminals when the power supplies are located some dis-
tance from the ground plane). Due to the inductance and resis-
tance of the power supply return paths, return the analog and
digital ground separately to the power supplies. This prevents
contamination of the analog ground by noisy digital ground cur-
rents.

4. Bypass the analog and digital supplies and the +10V refer-
ence (pin 21) to ground with a 4.7 uF, 25V tantalum electrolytic
capacitor in parallel with a 0.1 uF ceramic capacitor. Bypass the
+10V reference (pin 21) to analog ground (pin 23).

5. Obtain straight binary/offset binary output coding by tying
COMP BIN (pin 18) to +5V dc or leaving it open. The device
has an internal pull-up resistor on this pin. To obtain comple-
mentary binary or complementary offset binary output coding,
tie the COMP BIN (pin 18) to ground. The complementary sig-
nal is compatible to CMOS/TTL logic levels for those users de-
siring logic control of this function.

6. To obtain Three-State outputs, connect ENABLE (pin 17) to
alogic "0" (low). Otherwise, connect ENABLE (pin 17) to a log-
ic "1" (high).

INPUT CONNECTIONS

Table 1. Input Connections
INPUT VOLTAGE | INPUT JUMPER THESE
RANGE PIN PINS:
Oto+10Vdc 19 Pin 20 to GROUND
+5Vdc 19 Pin 20 to Pin 21
TIMING

Figure 3 shows the relationship between the various input sig-
nals. The timing shown in Table 2 applies over the operating
temperature range and over the operating power supply
range. These times are guaranteed by design.

Table 2. Signal Timing Summary

SIGNAL

DURATION IN
NANOSECONDS

Start Convert
Pulse Width

Analog Input Settling Time

High Propagation Delay

EOC Low to Previous
Output Data Invalid

Data Valid After EOC
Goes Low

Propagation Delay

Start Convert Low to EOC

Enable to Output Data Valid

200 nSec minimum

600 nSec minimum

35 nSec maximum

1320 nSec minimum

20 nSec maximum

10 nSec maximum

+ 15V -15V +5V
o
47uF 4.7 uF 4.7 uF =
+ + +
O 1uF 0 1uF 01 uF
@A @
ANALOG ANALOG
INPUT INPUT
+5V DC o—@ COoMP
8l
START 0] START
CONVERT CONVERT -
UNIPOLAR ADC-5M1
OPERATION
P
X Gl g—@ BIPOLAR
1 !
i
| 'y
! | ' + Cﬂ
| i
! 1l 01yuF | 47yF
R "
BIPOLAR | h
OPERATION | _ _ _ _ _ _____ H Figure 2.
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BIT 1 (MSB)
BIT2
BIT3
BIT 4
BITS
BIT6
BIT 7
BIT8
BIT9
BIT 10
BIT 11
8IT 12
£oC

ENABLE(1-12)

Typical Input Connections for the ADC-511.
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ADC-511 D OANEL
Temperature | 0 to +70 C | -55 C to +125 C
Conversion 1.0 uSec. 1.15 pSec.
Time (T1)
ANALOG
INPUT '—I\ |
! 1
| 600nSec —pl
| minimum !
START :[ N-»r_|<—|l- 200 nSec minimum
CONVERT : DATA INVALID
1

71 maximum —————————a|

£oc | 1 |<- 20 nSec minimum

35nSec maximum

I
— : 20 nSec maximum |
| 1300 nSec minimum —*4

L

OUTPUT W
DATA

DATA N-1 VALID

|><|><l><] DATA N VALID

1
ENABLE -—'-_>{|<—1o nSec maximum [

10 nSec maximum le-Enabled Data N Valid

NOTE: NOT DRAWN TO SCALE

Figure 3. ADC-511 Timing Diagram

THEORY OF OPERATION

The ADC-511 employs a subranging architecture with digital
error correction. Also known as a two-step method of conver-
sion, this technique uses 7-bits of a single flash converter in
the conversion process twice to yield a final resolution of 12
bits. Refer to the connection diagram, block diagram, and tim-
ing diagram as needed.

The ADC-511 requires a maximum of 600 nanoseconds for
the input signal to settle before starting a conversion. Upon
conversion , switch S1 of the ADC closes and S2 opens. The
input, having been configured for the appropriate range, is
buffered and then digitized to 7-bits by the flash ADC to de-
termine the seven most significant bits. The seven bits of
data are then stored in a register and provided to the input of
a 7-bit digital-to-analog converter. The DAC has 13 bits of line-
arity.

The first pass finished, S2 closes and S1 opens. The output
of the DAC is then subtracted from the analog input. This volt-
age difference is amplified and converted by the 7-bit ADC.
The result of this second conversion is then latched to deter-
mine the least 7 significant bits. The outputs from the two reg-
isters are then added by the digital correction logic to produce
a 12-bit word. EOC goes low, indicating the conversion is
-complete, and the output passes to the three-state output
buffers.

Data from the conversion is valid and capable of being latched
20 nanoseconds after the falling edge of EOC and remains
valid for 1300 nanoseconds. Data from the new conversion is
valid a maximum of 20 nanoseconds after the next EOC low
transition. There is a 10 nanosecond maximum delay after the
three-state output buffers are enabled before the data is valid
at the device output.

The ADC-511's conversion rate is based upon 600 nanosec-
onds for analog input settling time and a 1 microsecond con-
version time, yielding a minimum of 600 KHz conversion rate

(changing inputs, A/D only). Retriggering of the START
CONVERT pulse before EOC goes low will not initiate a new
conversion.

The performance characteristics shown in Table 3 apply over
the operating temperature range and over the operating pow-
er supply range unless otherwise specified. These character-
istics are guaranteed by design.

Table 3. Performance vs. Temperature
Characteristic Value
Conversion Rate (Changing Inputs):

+25°C 600 KHz minimum

0°Cto+70°C 600 KHz minimum

-55°C to +125 °C 575 KHz minimum
Harmonic Distortion (Below FS)

+25°C -72 dB minimum

0°Cto+70°C -72 dB minimum

-55°C to +125 °C -65 dB minimum

Table 4a. Zero and Gain Adjust, Unipolar Operation

UNIPOLAR FSR |ZERO ADJUST | GAIN ADJUST
+ 1/2 LSB +FS-11/2LSB

Oto+10Vdc +1.22mV dc +9.9963V dc

Table 4b. Zerc and Gain Adjust, Bipolar Operation

BIPOLAR FSR |ZERO ADJUST GAIN ADJUST
0 +1/2 LSB +FS -1 1/2 LSB
+5Vdc +1.22 mV dc +4.9963V dc

1-68  DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356



D O/ANEL

ADC-511

CALIBRATION

Remove system errors or the small initial errors by adjusting
the zero and full-scale adjustment potentiometers of the user-
supplied circuit shown in Figure 4. Connect this circuit to the
ADC-511's ANALOG INPUT (pin 19). Apply power and other
connections as shown in Figure 2 .

Procedure

1. Referto Table 1 for the appropriate full-scale input range
(FSR). The data outputs should be connected to LED's to
observe the resulting data values. Apply a pulse of 200 nano-
seconds minimum to the START CONVERT input (pin 16) at a
rate of 250 KHz. This rate is chosen to reduce flicker if LED's
are used on the outputs for calibration purposes.

2. Zero Adjustments:

Apply a precision voltage reference source between the am-
plifier's signal input and analog ground. Use a very low-noise
signal source for accurate calibration.

Adjust the output of the reference source per Tables 4a
and 4b for the unipolar zero adjustment (+1/2 LSB) or the bi-
polar zero adjustment (zero + 1/2 LSB) for the appropriate
full-scale range. For unipolar operation, adjust the zero trim-
ming potentiometer so that the output code flickers equally
between 0000 0000 0000 and 0000 0000 0001 with the
COMP BIN (pin 18) tied high or between 1111 1111 1111

and 1111 1111 1110 with COMP BIN tied low.

Table 6. Output Coding for Uniplar Operation

Table 5. Input Ranges
(using external calibration)

INPUT RANGE R1 R2 Unit
0to +10V,+5V 2 2 K Ohms
0to +5V, 2.5V 2 6 K Ohms
0to +2.5V,+1.25V 2 14 K Ohms

For bipolar operation, adjust the potentiometer such that
the code flickers equally between 1000 0000 0000 and
1000 0000 0001 with the COMP BIN tied high or between
0111 1111 1111 and 0111 1111 1110 with COMP BIN tied
low.

3. Full-Scale Adjustment:

Set the output of the voltage reference used in step 2 to the
value shown in the Tables 4a and 4b for the unipolar or
bipolar gain adjustment (+F.S. -1 1/2 LSB) for the
appropriate FSR. Adjust the gain trimming potentiometer so
that the output code flickers equally between 1111 1111
1110 and 1111 1111 1111 for COMP BIN (pin 18) tied high
or between 0000 0000 0001 and 0000 0000 0000 for
COMP BIN tied low.

To confirm proper operation of the device, vary the precision ref-
erence voltage source to obtain the output coding listed in Tables
5and 6.

UNIPOLAR INPUT RANGE OUTPUT CODING
SCALE Straight Binary Complementary
Straight Binary
0 to +10V MSB LSB MSB LSB
+FS - 1 LSB +9.9976V 1111 1111 1111 0000 0000 0000
7/8 FS +8.7500V 1110 0000 0000 0001 1111 1111 A2
3/4 FS +7.5000V 1100 0000 0000 0011 1111 1111
12 FS +5.0000V 1000 0000 0000 0111 1111 1111
1/4 FS +2.5000V 0100 0000 0000 1011 1111 1111
1/8 FS +1.2500V 0010 0000 0000 1101 1111 1111
1 LSB +0.0024V 0000 0000 0001 1111 1111 1110 6
0 0.0000V 0000 0000 0000 | 1111 1111 1111 SonAL ";P?N \
1
INPUT ADC-511
Table 7. Output Coding for Bipolar Operation %'J’BST S0
BIPOLAR INPUT RANGE OUTPUT CODING
SCALE Offset Binary Complementary sKn iEﬁSgFSET
Offset Binary
+ 5V MSB LSB MSB LSB
+FS -1 LSB|  +4.9976V 1111 1111 1111 | 0000 0000 0000 Figulfg 4". °g¥i°“?'
+3/4 FS +3.7500V 1110 0000 0000 | 0001 1111 1111 alibration Circuit
+1/2 FS +2.5000V 1100 0000 0000 0011 1111 1111
0 0.0000V 1000 0000 0000 o111 1111 1111
-1/2 FS -2.5000V 0100 0000 0000 1011 1111 1111
-3/4 FS -3.7500V 0010 0000 0000 1101 1111 1111
-FS + 1 LSB -4.9976V 0000 0000 0001 1111 1111 1110
-FS -5.0000V 0000 0000 0000 1111 1111 1111

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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Combining the ADC-511 with Datel's SHM-45
Sample-and-Hold Device

The application shown in Figure 6 uses the ADC-511 in con-
junction with DATEL's SHM-45, a 0.01% accurate, 200 nan-
osecond acquisition time samﬁle-hold. This configuration
obtains a 600 KHz (minimum) throughput rate. An optional
end-point calibration circuit may also be used. The optional
calibration circuit has no effect on the throughput rate.

This capability is based upon the sample-hold acquisition
and hold - mode settling times occurring ‘during the ADC-
511's analog input settling time period of 600 nanoseconds.
This timing relationship is shown in Figure 5. The optional cal-
ibration circuit would also use this time period in settling to the
required accuracy before the ADC-511 determines the seven
most significant bits of data.

The SHM-45 is put into the sample mode when the HOLD
COMMAND is high. For continuous conversions, the sample

ANALOG
INPUT h

mode would be initiated upon EOC going low.

Upon completion of the SHM-45's acquisition mode (200 nan-
oseconds maximum), there is still an additional 400 nanosec-
onds required to meet the analog input settling time of the
ADC-511. The SHM-45 requires 100 nanoseconds for hold
mode settling. The user would adapt the START CONVERT
pulse width to meet the additional time required for analog in-
put settling. There is a 20_nanosecond minimum delay from
START CONVERT low to EOC high. Therefore, if the START
CONVERT pulse goes high as the HOLD COMMAND goes
low, the start convert pulse width would be 380 nanoseconds
wide.

As long as the 600 nanosecond analog input settling time is
met, the time in the acquisition or hold-mode could be varied
as long as the minimum times are observed.

! 600nSec 1
™ minimum *

START | N—=] - 200nSec minimum

CONVERT ™ H

P n— T1 maximum ————

1
fc— !

—- 20 nSec minimum |
1 e 35 nSec maximum
: ] mold Mode Settling Time
[ i
HOLD COMMAND —*1 < ACQUISITION TIME

_>: l:20 nSec maximum
| 1300 nSec minimum —

OuTPUT

DATA DATAN-1 VALID M DATAN VALID
10 nSec Enabled Data N
ENABLE == maximum 10 nSec maximum —  vaid

NOTE: NOT DRAWN TO SCALE

Figure 5. ADC-511 and SHM-45 Timing Diagram

ORDERING INFORMATION

MODEL TEMPERATURE SEAL
RANGE

ADC-511MC 0°Cto+70°C Hermetic

ADC-511MM -55°Cto +125°C Hermetic

ACCESSORIES

Part Number Description

TP10K Trimming Potentiometer

TP50 Trimming Potentiometer

A receptacle for PC board mounting can be ordered through
AMP Incorporated, #3-331272-8 (Component Lead Socket),
24 required.

For high-reliability versions of the ADC-511, contact DATEL.

15V -15v +5V

arw | arwF aTuF

oruF | 0ruF 01uF

OPTIONAL CALIBRATION
CIRCUIT (SEE FIGURE 4)

N

|
sum-as ()1
'

SIGNAL o
iNeUT

B
»
H
-
5
12l

Q

1

0000 NI o
+sv oc o——(®)] &

o @

UNIPOLAR conven ADC-511

OPERATION

Cmafmmnd

HOLD COMMAND 12

BIT 1 (MSB)
BIT2
) 8IT3
BIT4
BITS
BIT6
BIT7
BIT8
BIT9

| !
' O r{: 1 BIPOLAR B:Y :?
; :a Eéxz
i G s 0@ ERReTE12
' 1l O uF ATy
“moun 1v— l
OPERATION | _ _ __ _ __ ___| H
Figure 6. ADC-511 and SHM-45

Connection Drawing
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FEATURES

« 12-Bit resolution

- 800 Nanosecond maximum con-
version time

+ Pin-programmable input ranges

« Internal high impedance buffer

- Low 1.6 Watts power consump-
tion

- Three-state output buffers

+ Small 32-pin DIP

GENERAL DESCRIPTION

DATEL's ADC-520 and ADC-521 are 12-
bit analog-to-digital converters with con-
version speeds of up to 800 nanosec-
onds.

Both models are identical except for the
analog input voltage ranges. The ADC-
520 has input voltage ranges of +10V, 0
to +10V, 0 to +20V and 0 to -20 Volts dc.
The ADC-521 has input voltage ranges of
+2.5V and 0 to +5 Volts dc. Both models
have internal buffer amplifiers.

The performance of these converters is
based upon a digitally-correcting subrang-
ing architecture. DATEL further enhances
this technology by using unique laser
trimming schemes. The ADC-520 and
ADC-521 are packaged in a 32-pin ceramic
DIP and consume 1.6 watts.

All digital inputs and three-state outputs
are TTL- and CMOS-compatible. Output
coding can be in two's complement, com-
plementary two's complement, straight bi-
nary/offset binary or complementary bi-
nary/complementary offset binary.

Both models require £15V dc and +5V dc
power. Models are available in the com-
mercial 0 °C to +70 °C and military -55 °C to
+125 °C operating temperature range.

Typical applications include spectrum,
transient, vibration and waveform analysis.

These devices are also ideally suited for
radar, sonar, video digitization, medical
instrumentation and high-speed data ac-
quisition systems. For information on ver-
sions with high reliability screening, con-
tact the factory.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

ADC-520,ADC-521
12-Bit, Ultra-Fast,
Low-Power A/D Converters
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Figure 1. ADC-520, ADC-521 Simplified Block Diagram
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comP Bin

MECHANICAL DIMENSIONS
INCHES (mm)

1.101 MAX
~—(28,0)

0.190 MAX
[ | T @@
0.010 X 0.018 ‘-_I_——
” KOVAR Pins ” O-ZSSg)MINA
16 17 T
BOTTOM 1.712 MAX.
VIEW sPAcES (435
AT 0.100
(2,5)
|
1 32
0900
(22,9)

NOTE: Pins have a 0.025 inch, +0.01
stand-off from case.

1/0 CONNECTIONS

PIN| FUNCTION
1 | BIT 12 0UT (LSB)
2 | BiT110UT
3 | BiIT100UT
4 | BIT9OUT
5 | BIT8OUT
6 | BIT70OUT
7 | BITeOUT
8 | BIT50UT
9 | BIT40uT
10 | BIT30UT
11 | BIT20UT
12 | BIT 1 OUT (MSB)
13 | BIT 1 OUT (MSB)
14 | ENABLE
15 | DIGITAL GROUND
16 +5V
17 | COMP BIN
18 | REF.OUT (+10V dc)
19 | OFFSET ADJUST
20 | EOC
21 | START CONVERT
22 | RANGE 1
23 | RANGE 2
24 | INPUT HIGH
25 | BIPOLAR OFFSET
26 | INPUT LOW
27 | GAIN ADJUST
28 | +15V
29 | BUFFER OUTPUT
30 | BUFFERINPUT
31 | -15v
32 | ANALOG GROUND
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ABSOLUTE MAXIMUM RATINGS PERFORMANCE MIN. | TYP. | MAX. |UNITS
PARAMETERS LIMITS UNITS Integral Non-Linearity
+25°C - - +1/2 LSB
+15V Supply (Pin 28) Oto+18 Volts dc 0°Cto+70°C - - 11/2 LsSB
-15V Supply (Pin 31) 0to-18 Volts dc -56°Cto+125°C - - 3 LSB
B?;l“aslu?:;{“gm 16) 0.5t0 +7.0 Volts dc Integral Non-Lin.
_ + + o
(Pins 14, 17, 21) -0.310 +6.0 Volts dc Tempco 3 8 [ppm/C
Analog Input (Pin 24) -15t0 +15 Volts dc Differential
Lead Temp.(10 Sec.) 300 °C Non-Linearity
+25°C - - +1/2 LSB
0°Cto+70°C - - +1/2 LSB
-55°Cto +125°C - - +1 LSB
FUNCTIONAL SPECIFICATIONS
Differential Non-Lin.
The following specifications apply over the operating tempera- Tempco - - 2.5 |ppm/°C
ture range and over the operating power supply range unless
otherwise specified. Full Scale Absolute
Accuracy
ANALOG INPUTS MIN. TYP. | MAX. | UNITS +25°C - 13 18 LSB
0°Cto+70°C - +4 +14 LSB
Input Range -55°Cto +125°C - 8 +29 LSB
(ADC-520) - +10 - Volts dc
- Oto +10 - Volts dc Unipolar Operation
- 0to +20 - Volts dc Zero Error ® - +1 5 LSB
- 0t0-20 - Volts dc Zero Tempco - +13 +25 | ppm/°C
Zero Adjust Range +5 - - LSB
(ADC-521) - +2.5 - Volts dc
- Oto+5 - Volts dc Bipolar Operation
Input Impedance Zero Error ® - +1 +5 LSB
(ADC-520) Zero Tempco - 2 +5 ppm/ °C
Unipolar: 1.75 2.5 - K Ohms Zero Adjust Range 15 - - LSB
Bipolar: 3.75 5.0 - K Ohms Offset Error ® - +2 5 LSB
(ADC-521) Offset Tempco - +17.5 +35 | ppm/°C
Unipolar: 2.0 2.5 - K Ohms Offset Adjust Range +5 - - LSB
Bipolar: 1.6 2.0 - K Ohms
Gain Error @ - +2 +5 LSB
Input Capacitance - - 50 pf Gain Tempco - +17.5 +35 | ppm/°C
Gain Error Adjust
Buffer Amplifier Range +5 - - LSB
Input Voltage +10 - - Volts dc Conversion Times
Input Impedance - 10" - Ohms +25°C - - 800 nSec.
Settling Time - 700 1000 | nSec. 0°Cto+70°C - - 850 nSec.
-55°Cto +125°C - - 880 nSec.
DIGITAL INPUTS No Missing Codes
(12 Bits) Over the Operating Temperature
Logic "1" 2.0 - - Volts dc Range
Logic "0" - - 0.8 Volts dc
Logic Loading "1" - - 2.5 HA POWER REQUIREMENTS
Logic Loading "0" - - -100 pA
Power Supply Range
OUTPUTS +15V dc Supply +14.25] +15.0 | +15.75 | Volts dc
-15V dc Supply -1425 | -15.0 | -15.75 | Volts dc
Resolution 12 - - Bits +5V dc Supply +4.75 +5.0 +5.25 | Volts dc
Logic "1" 2.4 - - Volts dc
Logic "0" - - 0.4 | Voltsdc Power Supply Current
Logic Loading "1" - - -160 HA +15V dc Supply - +52 +65 mA
Logic Loading "0" - - 6.4 mA -15V dc Supply - -36 -45 mA
+5V dc Supply* - +66 +70 mA
Internal Reference Power Dissipation - 1.6 1.9 Watts
Voltage, +25 °C 9.98 10.0 | 10.02 | Voltsdc Power Supply Rejection - - 0.01 | %FSR/%V
Drift - 5 +30 | ppm/°C
External Current - - 1.5 mA PHYSICAL/ENVIRONMENTAL
Output Coding Opeﬁgng Temp. Range 0 o
(Pin 17 HI) Straight binary/offset bina ) - +70 °
(Pin 17 Low) Cc.?mplemenrlwtary binary i s“;';ﬂa"ge Temperature 55 - 19 °C
Complementary offset binary Range 65 _ +150 oc
(Note 4) Two's complement
(Note 4) . Package Type 32-Pin hermetic sealed, ceramic DIP
Complementary two's complement Pins 0.010 x 0.018 inch Kovar
Weight 0.42 ounces (12 grams)

* +5V power usage at 1 TTL logic loading per data output bit.
@ Specifications cited are at +25 °C. See Technical Note 1 for further
information.
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TECHNICAL NOTES

1. Use external potentiometers to remove system errors or to
reduce the small initial errors to zero. Use a 20K ohm trimming
potentiometer for gain adjustment with the wiper tied to pin
27. Use a 20K ohm trimming potentiometer with the wiper tied
to pin 19 for zero/offset adjustment. To operate without ad-
justment, ground pin 27 and leave pin 19 open.

2. Rated performance requires using good high frequency cir-
cuit board layout techniques. The analog and digital grounds
are not connected internally. Avoid ground-related problems
by connecting the digital and analog grounds to one point,
the ground plane beneath the converter (versus at the power
supply terminals when the power supplies are located some
distance from the ground plane). Due to the inductance and
resistance of the power supply return paths, return the analog
and digital ground separately to the power supplies. This pre-
vents contamination of the analog ground by noisy digital
ground currents.

3. Bypass the analog and digital supplies and the +10V refer-
ence (pin 18) to their respective grounds with a 4.7 uF, 25V
tantalum electrolytic capacitor in parallel with a 0.1 pF ceramic
capacitor. Bypass the +10V reference (pin 18) to analog
ground (pin 32) the same way.

4. Obtain straight binary/offset binary output coding by typing
COMP BIN (pin 17) to +5V dc or leaving it open. The device
has an internal pull-resistor on this pin. To obtain comple-
mentary binary or complementary offset binary output coding,
tie the COMP BIN pin to ground. In the bipolar mode, two’s
complement output coding is available by using the MSB out-
put (pin 13). The COMP BIN signal is compatible to CMOS/
TTL logic levels for those users desiring logic control of this
function.

5. Enable the three-state outputs by connecting ENABLE
(pin 14) to a logic “0” (low). The ENABLE signal has no effect
on MSB (pin 13) which is not a three-state output and there-
fore is not controlled by the enable pin.

6. Satisfy high-speed drive requirements of the ADC-520 and
ADC-521 with a wide-bandwidth, low output impedance input
source such as Datel's SHM-45 sample-and-hold or AM-1435
amplifier.

7. The ADC-520 and ADC-521 provide an internal buffer ampli-
fier. Using this buffer provides an input impedance of 10'°
Ohms, allowing the A/D to be driven from a high impedance
source or directly from an analog multiplexer. When using the
input buffer, allow a delay equal to its settling time between in-
put level change and the negative going edge of the START
CONVERT pulse. If the buffer is not required, its input should
be connected to analog ground to avoid introducing noise into
the converter.

THEORY OF OPERATION

The ADC-520 and ADC-521 employ a subranging architecture
with digital error correction. Also known as a two-step method
of conversion, this technique uses seven bits of a single flash
converter twice in the conversion process to yield a final reso-
lution of 12 bits. Refer to the connection diagram, block dia-
gram, and timing diagram as needed.

The ADC-520 and ADC-521 require a maximum of 250 nano-
seconds for the input signal to settle before starting a conver-
sion. Conversion being initiated, switch S1 of the ADC closes
and S2 opens. The input, having been configured for the ap-
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propriate range, is buffered and then digitized to seven bits by
the flash ADC to determine the seven most signifcant bits.
The seven bits of data are then stored in a register and provid-
ed to the input of a 7-bit digital-to-analog converter. The DAC
has 13 bits of linearity.

The first pass finished, S2 closes and S1 opens. The output of
the DAC is then subtracted from the analog input. This voltage
difference is amplified and converted by the 7-bit ADC. The re-
sult of this second conversion is then latched to determine
the least seven significant bits. The outputs from the two reg-
isters are then added by the digital correction logic to produce
a 12-bit word. EOC goes low, indicating the conversion is
complete, and the output passes to the three-state output
buffers.

Data from the previous conversion would be valid up to 350
nanoseconds after the falling edge of the START CONVERT
pulse. Data from the new_conversion is valid a minimum of 25
nanoseconds before EOC goes low and valid up to 350 nano-
seconds after the falling edge of the next START CONVERT
pulse. There is a 10 nanosecond maximum delay after the
three-state output buffers are enabled before the data is valid
at the device output.

The ADC-520 and ADC-521's conversion rate is based upon
250 nanoseconds for input settling time and 800 nanosec-
onds conversion time, yielding a minimum of 950 KHz conver-
sion rate. Re-triggering of the START CONVERT pulse before
EOC goes low will not initiate a new conversion.

INPUT CONNECTIONS

Table 2a. ADC-520 Input Connections
INPUT PIN
INPUT W/0 WITH
RANGE BUFFER BUFFER CONNECT
+10V dc Pin 24 Pin 30, tie 29to 24 Pin 18t0 25
0to +10V dc Pin 24 Pin 30, tie 29 to 24 Pin24to 25
0to +20V dc Pin 24 DO NOT USE Pin 26 to 25
010 -20V dc Pin 25 DO NOT USE Pin 18 to 24,
2210 23 t0 24
Table 2b. ADC-521 Input Connections
INPUT PIN
INPUT W/0 WITH
RANGE BUFFER BUFFER CONNECT
+2.5V dc Pin 24,22,23 Pin 30, tie 29 to 24 Pin25t0 18
0to +5V dc Pin 24,22,23 Pin 30, tie 29 to 24 Pin 25 to 26
TIMING

Figure 2 shows the relationship between the various input
signals. The timing shown in Table 1 applies over the operating
temperature range and over the operating power supply range.
These times are guaranteed by design.
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ANALOG
INPUT

ADC-520/521 T1 Timing Over Temperature

TEMPERATURE: +25°C 0°Cto +70 °C -55 °C to +125 °C
Conversion 800 nS 850 nS 880 nS
Time(T1) MAX.

NOTE NOT DRAWN TO SCALE

—_—

ANALOG 0 nSer
g _,.— 250 15t
SETTUNG |

TIME | 1

1 |
N 50 nSec MINIMUM
START |

CONVERT
-

T. MAXIMUM

30 nSec. MAXIMUM

)
EOC—‘

:

'—-— 350 nSec MINIMUM

25nSec MINIMUM

L

QUTPUT DAA

DATA N-1 VALID

DATA N VALID

ENABLED DATA N-1 VALID l

ENABLED DATA N
10 nSec VALID
MAXIMUM

Figure 2. ADC-520, ADC-521 Timing Diagram

Table 1. Signal Timing Summary

LINE DURATION IN
NANOSECONDS

START CONVERT

Pulse Width 50 nSec minimum

Analog Input Settling Time 250 nSec maximum

START CONVERT Low to
EOC High Propagation Delay

START CONVERT Low to
Previous Output Data Invalid

30 nSec maximum

350 nSec minimum

Data Valid Before EOC
goes Low 25 nSec minimum
ENABLE to Output Data Valid

Propagation Delay 10 nSec maximum

CALIBRATION PROCEDURE
Remove system errors or the small initial errors as follows:

1. Connect the converter per Figure 3 and Tables 2a and 2b
for the appropriate full-scale range (FSR). Apply a pulse of 50
nanoseconds minimum to the START CONVERT input (pin
21) at a rate of 500 KHz. This rate reduces flicker if LED's are
used on the outputs for calibration purposes.

2. Zero Adjustments

Apply a precision voltage reference source between the ana-
log input and ground. Refer to Table 2a and 2b for the cor-
rect input pin. Adjust the output of the reference source per
Tables 3a and 3b for the unipolar zero adjustment (+ 1/2 LSB)
or the bipolar zero adjustment (zero +1/2 LSB) for the appro-
priate FSR. For unipolar,adjust the zero trimming potentiome-
ter so that the output code flickers equally between

0000 0000 0000 and 0000 0000 0001 with the COMP BIN (pin
17) tied high (straight binary) or between 1111 1111 1111 and
1111 1111 1110 with the COMP BIN pin tied low (complemen-
tary binary).

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000
0000 0001 with COMP BIN (pin 17) tied high (offset binary) or
between 0111 1111 1111 and 0111 1111 1110 with COMP
BIN (pin 17) tied low (complementary offset binary).

-15) +15V

v
47 uF | 4.7 4F
0 +

Va7
vd e
01 4F |01 ,F 01 4F
L5V Q @) O,

0 OFFSET GAIN
20K () et ADIUST
-15V Py

Y0 WSB)
(MSB)
BIT 2
BUFFER IN BIT3
@ BUFFER OUT BIT 4
BITS

@ INPUT HIGH
ADC-520/521 BIT6
(@) weuT LOW BIT7
v @ BIPOLAR OFFSET 8T8
(22) RANGE 1 BIT9
(23] RanGE 2 8IT 10
BIT 11

+10V REF.
01 F J4TiF O LsB
$ g START
conv.  EOC

COMP BIN @ @ ENABLE

Figure 3. ADC-520, ADC-521 Calibration Circuit
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Calibration (Cont.)

Two's complement and complementary two's complement
requires the use of MSB (pin 13) versus MSB (pin 12) as giv-
en for offset binary or complementary offset binary respec-
tively.

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 3a or 3b for the unipolar or bipolar gain
adjustment (+FS -1 1/2 LSB) for the appropriate FSR. Adjust
the gain trimming potentiometer so that the output code
flickers equally between 1111 1111 1110 and 1111 1111

Table 3a. Zero and Gain Adjust, Unipolar Operation

UNIPOLAR FSR

ZERO ADJUST

GAIN ADJUST

+ 1/2 LSB +FS - 1 1/2 LSB
O0to +5Vdc +.610 mV dc +4.9971V dc
0to +10V dc +1.22 mV dc +9.9963V dc
0to +20V dc +2.44 mV dc +19.9927V dc
0to -20V dc -2.44 mV dc -19.9927V dc

Table 3b. Zero and Gain Adjust, Bipolar Operation

1111 for COMP BIN (pin 17) tied_high or between 0000
0000 0001 and 0000 0000 0000 for COMP BIN pin tied low. BIPOLAR FSR | ZERO ADJUST| GAIN ADJUST
Two's complement and complementary two's complement 0 +121LSB [ +FS -1 1/2 LSB
respectively requires using MSB, pin 13.

+10V dc +2.44 mV dc +9.9927V dc
4. To confirm proper operation of the device, vary the preci- +2.5V dc +.610 mV dc +2.4982V dc

sion reference voltage source to obtain the output coding
listed in Tables 4 and 5.

Table 4. Output Coding for Unipolar Operation

UNIPOLAR INPUT RANGES.VOLTS dc OUTPUT CODING
SCALE STRAIGHT BINARY COMP. BINARY
0 to +5V 0 to +10V 0 to +20V| MSB LSB | MSB LSB

+FS-1LSB  |+4.9988V +9.9976V  +19.9951V | 1111 1111 1111 0000 0000 0000

7/8 FS +4.3750V +8.7500V +17.500V | 1110 0000 0000 0001 1111 1111

3/4FS +3.7500V +7.5000V +15.000V | 1100 0000 0000 0011 1111 1111

1/2FS +2.5000V +5.0000V +10.000V | 1000 0000 0000 0111 1111 1111

1/4 FS +1.2500V +2.5000V  +5.0000V | 0100 0000 0000 1011 1111 1111

1/8 FS +0.0024V +1.2500V +2.5000V | 0010 0000 0000 1101 1111 1111

1LSB +0.0012V +0.0024V +0.0048V | 0000 0000 0001 1111 1111 1110

0 0.0000V 0.0000V 0.0000V | 0000 0000 0000 1111 1111 1111

Table 5. Output Coding for Bipolar Operation
BIPOLAR INPUT RANGES,VOLTS dc OUTPUT CODING
SCALE OFFSET BINARY | COMP TWO'S COMP| TWO'S COMP.
+2.5V +10V MSB LSB MSB LSB MSB LSB

+FS -1 LSB +2.4988V +9.9951V 1111 1111 1111 1000 0000 0000 0111 1111 1111
+3/4 FS +1.8750V +7.5000V 1110 0000 0000 1001 1111 1111 0110 0000 0000
+1/2 FS +1.2500V +5.0000V 1100 0000 0000 1011 1111 1111 0100 0000 0000
0 0.0000V 0.0000V 1000 0000 0000 1111 1111 1111 0000 0000 0000
-12FS -1.2500V -5.0000V 0100 0000 0000 0011 1111 1111 1100 0000 0000
-3/4 FS -1.8750V -7.5000V 0010 0000 0000 0101 1111 1111 1010 0000 0000
-FS +1LSB -2.4988V -9.9951V 0000 0000 0001 0111 1111 1110 1000 0000 0001
-FS -2.5000V -10.000V 0000 0000 0000 1111 1111 1111 1000 0000 0000

THEORY OF OPERATION (ADC-520/521 and SHM-45)

This theory of operation describes the ADC-520 and ADC-521
operation in conjunction with DATEL'S SHM-45. The SHM-45
sample-and-hold device captures fast signals for the ADC-520/
521 to then digitize. Figure 4 shows a typical ADC/SHM circuit.

The SHM-45, upon acquiring the input signal on the hold ca-
pacitor (200 nanoseconds maximum acquisition time to
0.01%), is put into the hold mode prior to the analog-to-digital
conversion. In the hold mode, the SHM-45 requires a maxi-
mum of 100 nanoseconds to have its output buffer settle to
0.01% accuracy. The ADC-520 and ADC-521 require a maxi-
mum of 250 nanoseconds for the input signal to settle before
starting a conversion. The input of the ADC-520 and ADC-521
starts settling to its final value while the SHM-45 is in the acqui-
sition mode.

At the end of the SHM-45's hold mode settling time, the A/D's
input is fully settled. The missing 150 nanoseconds of the re-
quired maximum analog input settling time is made up by the
time the sample/hold is in the acquisition mode.

To assure the SHM-45 has 200 nanoseconds maximum acqui-
sition time, the START CONVERT pulse should be given a
minimum of 190 nanoseconds after the desired start of the ac-
quisition time. The width of the START CONVERT pulse
should be 105 nanoseconds minimum to assure a hold mode

settling time of 100 nanoseconds. The 105 nanoseconds
takes into account the min/max propagation delays of the start
convert low to EOC high propagation delays.

The overall throughput using the ADC-520/521 and the SHM-
45 consists of 200 nanoseconds for the sample time, 100 nan-
oseconds for the hold and input settling time, 15 nanoseconds
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for observance of min/max propagation delays and 800 nano-
seconds for the conversion process. The system achieves a

Table 6. Performance Characteristics
-]CHARACTERISTIC VALUE
Conversion Rate (Changing
Inputs):
+25°C 950 KHz minimum
0°Cto+70°C 900 KHz minimum
-55 °C to +125 °C 880 KHz minimum

Harmonic Distortion (Below FS)
+25°C
0°Cto+70°C
-55 °C t0 +125 °C

-72 dB minimum
-72 dB minimum
-65 dB minimum

guaranteed throughput rate of 897 KHz over a period of 1,115
nanoseconds maximum.

Refer to Figure 5 for the ADC-520/521 and SHM-45 timing.
The performance characteristics shown in Table 6 apply over
the operating temperature range and over the operating pow-
er supply range unless otherwise specified. These character-
istics are guaranteed by design.

TNViea7F a7 F

Figure 4.

ADC/SHM Connection Diagram

£10V INPUT

(WO BUFFER)

CONTROL
LOGIC

1]

DELAY  STROBE

NOTE NOT DRAWN 10 5CAL

+15V @ GAN
ADJUST
20K GAIN ADJUST
-15Vv

BIT 1 (MSB)
(23) BiPoLAR OFFsET BIT 1 (MSB)

(8) +1ov Rer iz

01 ,F; 47 F BIT3

;‘ %‘ (30} BuFFER IN 9)Bme

(29) BuFreR OUT BIT S

(22) mance 1 ADC-520/-521 BIT 6

BIT7

SHM-45 [,)..._. INPUT HIGH BiTe

wess 1+ () anc 2 BiTo

2} HoLo BIT 10

10 )15 )(21 )23 INPUT LOW e
BIT 12 (LSB)

START CONVERT ENABLE
@ COMP BIN €oc
20K
15V 0 0+15v

OFFSET ADJUST

'
N ] 105 nSec MINIMUM
v

e —
L .
- | Figure 5. ADC/SHM Timing Diagram
S
- -
:L - e
ORDERING INFORMATION
MODEL NUMBER OPERATING
TEMP. RANGE ACCESSORIES

ADC-520MC 0°Cto+70°C
ADC-520MM -55°Cto +125°C
ADC-521MC 0°Cto+70°C
ADC-521MM -55°Cto +125°C

For high reliability versions of the ADC-520 and ADC-521 contact the DATEL.

Part Number
TP20K

Description
Trimming Potentiometers
(Two required)

Order PC board mounting receptacle through AMP inc.,
Part # 3-331272-8 (Component Lead Socket), 32 required.
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FEATURES

* 13 Microseconds maximum
conversion time

® Totally adjustment-free

* Industry standard converter

* High-reliability versions available

© Low power consumption

GENERAL DESCRIPTION

DATEL’s ADC-5210 Series are high per-
formance, hybrid, 12-bit successive ap-
proximation A/D converters. These de-
vices combine high speed with extreme
accuracy to provide the best possible per-
formance in systems that require low
power consumption, adjustment free oper-
ation, and miniature size.

Active laser trimming of highly stable thin-
film resistor networks eliminates the need
for external adjustment circuits. Full-scale
absolute accuracy error is +0.05% FSR
maximum at +25°C and only +0.4%
FSR maximum over the full military
operating temperature range. Zero error is
a maximum of only +0.025% FSR. Con-
version Time is 13 useconds maximum,
allowing full accuracy with a 1 MHz clock.

These devices are available in three fac-
tory set input ranges: 0 to + 10V dc, +5V
dc, and + 10V dc. Models are available
with an internal reference, or, for improved
overall accuracy, requiring an external
reference. Each model guarantees no
missing codes over the full operating tem-
perature range.

Other significant features include serial or
parallel output data, 1W maximum power
consumption, and a 10 ppm/°C Gain
Tempco. Digital outputs are TTL-
compatible and output coding is com-
plementary binary for unipolar operation
and complementary offset binary for bi-
polar operation.

Models are available specified over the
full military operating temperature range
of —~55to +125°C and commercial, 0°C to
+70° operating temperature ranges.

All models require +15V dc and +5V dc
for operation and are packaged in a
24-pin, hermetically sealed, ceramic
package.
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ADC-5210 Series
Adjustment-Free

12-Bit A/D Converters

+15V ~15V +5V
SUPPLY SUPPLY SUPPLY

i3 ® ®

EO. SERIAL
(STATUS) OUTPUT

&) 3

REFERENCE
INFOUT 2 +

©)

BIT 1 (MSB)

SUCCESSIVE

D/IA
[CONVERTER

APPROXIMATION
REGISTER

NO CONNECTION (10

@)

BIT2

BIT3

BIT4
BITS

a) (o) (@) (N

BIT6
21) BIT 7

[20) BIT 8

ANALOG (1)

INPUT

COMPARATOR

L

)

ANALOG  DIGITAL
GROUND GROUND

1) @4
START _ CLOCK
CONVERT INPUT

19) BIT9
18) BIT 10
17) BIT 11

16) BIT 12 (LSB)

MECHANICAL DIMENSIONS INPUT/OUTPUT
INCHES (MM) CONNECTIONS
|___1..(1%6h)M—X——' PIN FUNCTION PIN FUNCTION
' 0.190 MAX 1 START CONVERT 13 15V SUPPLY
[ l (49) 2 +5V SUPPLY 14 ANALOG INPUT
3 SERIAL OUTPUT 15 +15V SUPPLY
—[[0-}?&‘\’/::&:2 H I 0.150 MIN. 4 BIT 6 OUT 16 BIT 12 OUT (LSB)
(3.8) 5 BIT 5 0UT 17 BIT 11 OUT
6 BIT 4 OUT 18 BIT 10 OUT
7 BIT 3 0UT 19 BIT 9 OUT
\16 7o 8 BIT 2 0UT 20 BIT 8 OUT
E i 9 BIT 1 OUT (MSB) 21 BIT 70UT
! ! 10 NO CONNECTION 22 E.O.C. (STATUS)
! ! 1.712 MAX. 11 ANALOG GROUND 23 DIGITAL GROUND
I BOTTOM | 12 REF. INJOUT* 24 CLOCK INPUT
! Cview | | spaces  (439)
i ! | AT0.100
! | (2.,5) “THE ADC-5211, 5212, AND 5216 HAVE AN
1 1 : INTERNAL REFERENCE. THE ADC-5214 AND 5215
I : REQUIRE AN EXTERNAL REFERENCE
| |
1 32
" 0.900 1
(22.9)

NOTE: PINS HAVE 0.025 INCH STAND OFF FROM CASE, +0.01
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ABSOLUTE MAXIMUM RATINGS
Oper%tmg Temperature Range:
AD!

ADC-521XH ............coiiiiiiia..,
Storage Temperature Range
Positive Supply, Pin 15
Negative Supply, Pin13..................
Logic Supply,Pin2......................
Analoginput,Pin14 .....................
Digital Inputs, Pins1,24..................
DigitalOutputs .........................
Referencelnput!........................

0°Cto +70°C
-55°C to +125°C
-65°C to +150°C
+18V
-18V
-0.5Vto +7V
25V

-0.5Vto +5.5V
Logic Supply
0to —15V

FUNCTIONAL SPECIFICATIONS

Typical at +25°C, +15V dc supplies, Vgee = —10.000V, unless otherwise noted.

ANALOG INPUTS?

MODEL NUMBER!

MODEL NUMBER?

Input Range (Input Impedance)
—5Vto +5V (5KQ2)
—-10Vto +10V(10KQ) ...................
Oto +10V(5KD) ......covveeiiiiiinnn.,

ADC-5211
ADC-5212
ADC-5216

ADC-5214
ADC-5215

TRANSFER CHARACTERISTICS

TYPICAL

MAXIMUM

TYPICAL

MAXIMUM

Linearity Error: +25°C...................
0°Cto +70°C ...,
—55°Cto +125°C
Differential Linearity Error ................
NoMissingCodes . ......................
Full-scale Absolute Accuracy Error3

+25%C . .
0°Cto +70°C
—-55°Cto +125°C
Zero Error: +25°C
0°Cto +70°C .......oiviiininannnn.
-55°Cto +125°C
Zero Error: ADC-5216
+25%C . e
0°Cto +70°C ......cooivininienannnn.
-55°Cto +125°C
GainError ........... ... i,
GainDrift....................cooat
ConversionTimes..................c....

+1, LSB
+% LSB

+1% LSB

+1, LSB
+% LSB
+% LSB

+7, LSB
+1, LSB

+ 1/:LSB

+1, LSB
+1 LSB
+% LSB

Guaranteed over temperature

+0.025% FSR
+0.1% FSR
+0.1% FSR
+0.01% FSR
+0.025% FSR

(.

o
N

5%
m/°C

+0
+10

18

+0.025% FSR

+0.05% FSR
+0.2% FSR
+0.4% FSR

+0.05% FSR
+0.05% FSR

+0.05% FSR
0.75% FSR
0.75% FSR

+
+

13 psec.

+0.025% FSR
+0.05% FSR
+0.05% FSR
+0.01% FSR
+0.025% FSR

+0.025%
+3 ppm/°C

+0.05% FSR
+0.1% FSR
+0.1% FSR
+0.025% FSR
+0.05% FSR
+0.05% FSR

I

13 usec.

POWER SUPPLIES

Power Supply Range: + 15V dc supplies . . .
+5Vdesupply...................
Power Supply Rejection®: + 15V dc supply .
—15Vdesupply ........... ... .. ...,
Current Drain: + 15V dc supply
—15Vdesupply ...
+5Vdesupply................ol
+ 12V dc, +5V dc supplies??
—10Vdcreference!..................
Power Consumption

+0.005% FSR/%Vg
+0.01% FSR/%Vg
+9 mA
-23 mA
+35 mA

695 mW

+0.
+0.

+3%
+5%
02% FSR/%Vg +
05°/§ FSR/%Vg +
-35 mA
68 mA

1w

0
0.

.005% FSRI%Vs
005% FSR/%V3

+9 mA
-23 mA
+35 mA
—1.5 mA
695 mW

+3%
+5%
+0.01% FSR/Vg
+0.01% FSR/Vg
28 mA
-35 mA
68 mA
-2 mA
800 mwW

DIGITAL INPUTS (All Models)

MINIMUM

TYPICAL

MAXIMUM

Logic Levels Logic ““1”’
Logic“0” . ......ciiiiii i
Clock Input:
Pulse Width High
Pulse WidthLow ....................
Loading High (V| =2.4V)
LoadingLow (V(y=0.3V)..............
Frequency
Start Convert Input:
Loading High (V|y=2.4V) .
Loading Low (V;y=0.3V) . .
Set-up Time Start Eow to Clock° ..........

2.0V

100 nanoseconds
175 nanoseconds

25 nanoseconds

2 uA
-0.25 mA

4 yA
-0.25 mA

0.8V

20 pA
-0.4mA

1 MHz

40 pA
-0.4mA
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DIGITAL OUTPUTS (All Models)

Logic Coding®: Unipolarrange ...........
Bipolarranges ......................

Complementary Straight Binary
Complementary Offset Binary

Logic Levels: Logic “1”” ................ +2.4V +3.6V —
Logic''0” ...t — +0.15V +0.3V
Output Drive Capability, All Outputs':
Logic“1” ... 8 TTL Loads — —
Logic“0” ............. .. il 2 TTL Loads — —

REFERENCE INPUT/OUTPUT!

©ON®

Internal Reference: Voltage — -6.4V —
Accuracy ...... e - +2% —
Tempco of Drift — +5 ppm/°C —
Maximum External Current — — 100 pA
External Reference: Voltage . ............ — —10.000V
Loading .................ooiinlt, — — -2mA
FOOTNOTES:
1. The ADC-5211, 5212, and 5216 include a - 6.4V internal reference. The ADC-5214 and 5215 require an external —10.000V reference for specified operation.
2. Analog input ranges are internally set at the factory.
3. Absolute Accuracy Error includes offset, gain, linearity and all other errors. See Technical Notes for further information.
4. FSR stands for Full Scale Range and is equal to the peak voltage of the selected analog input range.
5. Conversion Time is defined as the width of the converter's STATUS (E.O.C.) pulse. The ADC-5210 Series will meet all specifications with clock frequencies up to

1 MHz. A 1 MHz clock gives a STATUS pulse that is 12 microseconds wide, however, unless careful timing precautions are taken, it will usually take 13
microseconds to update digital output data.

. Power Supply rejection is guaranteed over the + 15V + 3% range.

The clock may be asymmetrical with minimum positive or negative pulse width.

. In order to reset the converter, START CONVERT must be brought low at least 25 nanoseconds prior to a low-to-high clock transition. See Timing Diagram.
. Serial and Parallel output data have the same coding. Serial data is NRZ successive decision puises out, MSB first, at the clock frequency. Both serial and parallel

output data become valid on the same rising clock edge. Serial data is valid on subsequent falling edges, and these edges can be used to clock serial data into
receiving registers.

. One TTL load is defined as sinking 40 ;A with a logic 1 applied and sourcing 1.6 mA with a logic 0 applied.
. For +12V dc, +5V dc operation, contact the factory.

TECHNICAL NOTES

1. The use of proper layout and decoup-
ling techniques are required to obtain
rated performance. The ground pins
(pins 11 & 23) are not connected inter-
nally, and therefore must be connected
externally as directly as possible. They
should be connected to the system
analog ground, preferably through a
large ground plane underneath the
package. Power supplies should be by-
passed to ground at the supply pins
with 1 uF electrolytic capacitors in
parallel with 0.01 F ceramic capacitors.

2. These converters can be made to con-
tinuously convert by tying the E.O.C.
output (Pin 22) to the start convert input
(Pin 1). When connected in this man-
ner, the E.O.C. (START CONVERT) will
go low at the end of conversion and the
next rising edge of the clock will reset
the converter and bring the E.O.C.
(START CONVERT) high again. The
MSB will be set on the next rising clock
edge. The E.O.C. (status) will be low for
approximately one clock period follow-
ing each conversion.

3. The absolute accuracy error of an A/D
converter is defined as the difference
between the theoretical analog input
voltage required to produce a given
digital output and the unadjusted
analog input voltage actually required
to produce the same code. Because
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this error is measured and specified
without adjustment, it includes all fac-
tors that may affect the devices ac-
curacy at the point of measurement:
offset error, linearity error, gain error,
and noise error.

4. Because of propagation delays, the

LSB of any given conversion may not
be valid until a maximum of 30 nano-
seconds after the E.O.C. (status) out-
put has returned low. If the E.O.C. is
used to strobe latches holding output
data, adequate delays must be pro-
vided. Gate delays may be employed or
the E.O.C. can be made the input of a
D flip flop whose clock input is the same
as the converter clock. Connected in
this manner, the Q output will change
one clock period after the E.O.C.
changes. If the converter is connected
in the continuous mode, the E.O.C. can
be NORed with the converter clock to
produce a positive strobe pulse 1/,
period wide, Y, period after the E.O.C.
output has gone low. The rising edge of
the pulse can be used to latch data
after each conversion.

5. Applications of these converters that

require the use of sample-hold may be
satisfied by DATEL’s SHM-4860, a high
speed hybrid unit featuring a 200
nanosecond acquisition time and
0.01% accuracy.

1-79



ADC-5210 SERIES

D [O/ANEL

TIMING & CONNECTION
TIMING DIAGRAM

CLOCK J

START
CONVERT'

BIT 1(MSB)

BIT2

.

BIT 12(LSB)

E.OC.
(STATUS)

SERIAL OUT?

NOTES: 1. The converter is reset by holding the START CON-
VERT low during a low to high clock transition. The
START CONVERT must be low for a minimum of
25 nanoseconds prior to the clock transition. After

0
{

2. At the end of conversion, the E.O.C. will remain low
until the converter is reset. The paraliel data is valid
for the entire time the E.O.C. is low.

3. The serial output is non-return to zero.

the START is set high, the conversion will begin on
the next rising clock edge. The START CONVERT
may be set low at any time during a conversion to
reset and begin again.

DIGITAL OUTPUT CODING POWER SUPPLY DECOUPLING
PIN 2 Oﬁ——r» +5V
ANALOG INPUT VOLTAGE 1uF 0.014F
DIGITAL PIN 11,23MGND
outeuT 07O +10v =5V =10V 5VOLT POWER SUPPLY
ADC-5216 | ADC-5211,5214 | ADC-5212,5215
0000 0000 0000 | + 10.0000V +5.0000V + 10.0000V PIN 15 O—ﬁb + 15V
0000 0000 0001 + 9.9976V +4.9976V + 9.9951v 1uF 0.01uF
[RRRRRRRRRE] + 5.0024V +0.0024V + 0.0049v PIN11,230+—£—PGND
100000000000 | + 5.0000V 0.0000V 0.0000V 1uF 0.014F
111111111110 | + 0.0024V —4.9976V - 9.9951v PIN 130-4——L’—15V
ARRRRERERRRRE] 0.0000V - 5.0000V — 10.0000V
+ 15 VOLT POWER SUPPLY
TRIGGERING WITH A POSITIVE EDGE
The ADC-5210 Series A/D’s may be made to start con-
verting on a positive going edge by employing the cir-
START cuit shown. The rising edge of the start signal will drive
SIGNAL the output of IC2 low. The converter will reset on the
° 1c2 1 ADC.5210 next rising clock edge. When the converter resets, the
status output (pin 22) goes high, the output of IC1 goes
22 low; and since the start signal is still high, the output of
T IC2 goes high allowing the conversion to continue im-
mediately. The start signal should be brought low
o before the conversion is compiete.
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APPLICATIONS
SERIAL TO PARALLEL CONVERSION

74164 QAL — o tsB
—l
ADC-5210
—
SEFSG'T‘ ©) AN |——0
0
7474 CLK o
E0C [@———° —-wo0
At o O EOC QH O
7400 7400 N op—
ckfg E: ok | SHORT CYCLE
CONTINUOUS CONVERTING
CLOCKIN O AIN oa——0 ADC-5210
e}
BIT
o N+ 1
CLK o MsB
In many applications, the transmission of the parallel output Qo
data from the ADC-5210 Series may be impractical. With the cir-
cuit shown, data may be sent in serial form and converted to o1 c2
parallel at the destination. For a 12-bit A/D, this conversion can
reduce the number of wires needed for data transmission from
14 to 3. 74164 IC = 7400

To continuously convert at N bits, the circuit shown may be
used. The output of bit (N + 1) acts like a status when one con-

SHORT CYCLE OPERATION verts at N bits. The START CONVERT input is made the AND
function of bit (N + 1) and the STATUS output to prevent the
possibility of a lock up condition at power-on.

CLOCK INPUT
ADC-5210
w
1
START
CONVERT
1C1 SN7400N QUAD NAND GATE ORDEF“NG |NFORMATION
INPUT OPERATING

MODEL NO. VOLT. RANGE REFERENCE TEMP. RANGE
If an application requires less than 12 bits ADC-5211 +5V Internal 0to +70°C
resolution, the ADC-5210 Series may be ADC-5211H 15V Internal _55t0 +125°C
truncated to the desired number of bits, -
with a proportionate decrease in conver- ADC-5212 10V :nterna: 52 to +Z(2);90
sion time, by using the circuit shown. With ADC-5212H +10V nterna -5510 +
this circuit the start convert and E.O.C. ADC-5214 +5V External 0to +70°C
signals function normally. ADC-5214H +5V External -55to0 +125°C

ADC-5215 +10V External 0to +70°C

ADC-5215H + 10V External -55to0 +125°C

ADC-5216 0to +10V Internal 0to +70°C

ADC-5216H 0to +10V Internal -55t0 +125°C

For military devices compliant to MIL-STD-883, consult the factory.
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ADC-7109

12-Bit A/D Converter with
Microprocessor Interface

FEATURES

® Parallel or serial bus interface

® 12 Bits with plus sign and overrange

® Differential signal and reference
inputs

® Low noise

® Low power

GENERAL DESCRIPTION

DATEL'’s ADC-7109 is a low power, 12-bit
integrating A/D converter designed to in-
terface directly to 8- or 16-bit uP data
busses without any external active compo-
nent requirements. Output data may be
accessed directly under the control of two
byte enable and chip select inputs for
parallel bus interface or data may be
transmitted serially via industry standard
UART in the handshake mode.

The ADC-7109 is completely self con-
tained including a buffer amplifier, in-
tegrator, comparator, clock oscillator with
scaling circuit, 12-bit binary counter with
output latches and TTL-compatible three-
state output drivers, data bus control and
UART handshake logic.

Important features of the ADC-7109 in-
clude a typical input bias current of 1 pA,
less than 1 xV/°C zero drift, typical input
noise of 15 uVpeak-to-peak @nd a power con-
sumption of only 20 mW. The combination
of uP compatibility, low cost and high ac-
curacy make the ADC-7109 an ideal
choice for remote data logging applica-
tions and true differential analog and
reference inputs allow for measurement of
bridge type transducers.

The ADC-7109 is available for operation
over the commercial, 0°C to +70°C
temperature range and is packaged in a
40-pin plastic DIP.

NOTE: The ADC-7109 is a CMOS device.
However, all the inputs are fully protected
against static discharge and no special
handling precautions are necessary.

EEIEE ) G ®@ @@ EE
1] :
g
osc. S
CcLoCK coun 0
AUTO - 0
) ZERO TER 0
EE|
CIRCUIT AND TSESIE O
CHES PUTS. :c"
4, [CONTR| ®
+ LOGIC 2
| o
©
,— _ ©
AND
REFERENCE
SHAKE
CIRCUIT SHAKE
@
®
} ®
[©IC]C) [©)] @6 @@
MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
INCHES (MM) i
PIN FUNCTION PIN FUNCTION
-~ 2,040 (51,816) ———————— 1 DIG. GND. 21 MODE
2 STATUS 22 0SCIN
e 3 POLARITY 23 osc out
4 OVERRANGE 24 OSC SELECT
0.0520 (13,2) 5 BIT 12 2 BUF OSC
) ADC.71 09 NOM. 6 BIT 11 26 RUN/HOLD
° l 7 BIT 10 27 SEND
T 8 BIT9 28 -vg
0160 9 BIT8 29 REF OUT
0.060 (1.524) TYP. Y 0.025 10 BIT7 30 BUFFER
(4,064)
— l‘_ 00z 0%n 0835 11 BT 6 31 AUTO ZERO
] 12 BITS 32 INTEGRATOR
= 13 BIT4 3 COMMON
Pt 14 BIT3 3 ~INPUT
0.100 15 BIT2 35 +INPUT
- I‘“ _’“° *l I"(2v54) RV 16 BIT 1 36 +REFIN
0.070 0.018 (0.457) 17 TEST 37 | . +REFCAP
(w;a) 0'0219\'(3'_503) 18 BEN 38 ~REF CAP
19 HBEN 39 ~REF IN
20 CETLOAD 40 +Vg
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ABSOLUTE MAXIMUM RATINGS

FVS e i +6.2V
E 2T -9V
Analog Input Voltage Range? ............. +Vsto —Vs
Reference Input Voltage Range? .......... +Vsto —-Vg
Digital Input Voltage Range (Pins 2-27)2 . . .. +Vs +0.3V,
GND -0.3V
PowerDissipation . ..................... 500 mW at 70°C

POWER REQUIREMENTS

FUNCTIONAL SPECIFICATIONS
Typical at 25°C, +5V Supplies unless otherwise noted.

SupplyVoltage ........................ +5V dc
Supply Current (+Vsto GND.) max.17 ... ... 1.5 mA
Supply Current (+Vsto ~Vg)max.'7....... 1.5 mA
PHYSICAL/ENVIRONMENTAL

Operating TemperatureRange. ........... 0°C to +70°C
Storag TemperatureRange ............. -55°C to +125°C
Lead Temperature (soldering60 sec.) . .. ... 300°C
Package.............. ..., 40 Pin Plastic DIP

ANALOG INPUT CHARACTERISTICS

Type Analoginput...................... Differential
Zero Input Reading, max. (Octal Reading)? . . +0000g
Ratiometric Reading, max. (Octal Fleadlng)4 40004
Input Leakage Current, max. (Vin = 0V) . 10 pA
Common Mode Re,ectlon Ratio’3.......... 86 dB
Input Common Mode Voltage Range, min. . - Vs plus 1.5V

max. . + Vs minus 1.0V
DIGITAL INPUT

Control I/O Pull-upCurrents .. ............ 5 uA
Control 1/0O Loading, max.6............... 50 pF
Input Voltage Range? (Pins 18-21, 26, 27)

1.

2.

3
4
5,
6.
7.
8
9.
10,
11.
12
13
14
15
16
17.

ngh min........... .
max. ......... 1V
Input Pull-up Currents (Pms 26,27) ....... 5 uA
(Pins17,24) ....... 25 uA
Input Pull-down Current (Pin 21)9 .......... 5 pA
Mode Input Pulse Width, min. ............ 50 nsec.
OUTPUT CHARACTERISTICS
Output Voltage,'® hlgh min............... 3.5V at 100 pA
fowmax............... 0.4V at 1.6 mA
Output Leakage Current, max. (Pins 3-16) .. 1 kA
Reference Output Voltage, min........... - ggx
Oscillator Output Current, ! high R 1 mA
low.......... 1.5 mA
Buffered Oscillator Output Current 11 high . 2mA
low .. 5 mA
PERFORMANCE
Resolution............................ 12-bits, plus sign and
overrange
Non-Linearity, max. .................... +1 Count
Roll-overErrort2 ... .................... +1 Count
Noise, peak-to-peak™s................... 15 puV
ZeroDrift, max. ........................ 1 uVI°C
Scale Factor Tempco, max.'s ............ 5 ppm/°C
Reference Output Tempco'® ............. 80 ppm/°C
FOOTNOTES:

Positive or negative input. Input voltage can exceed the supply voltage
provided the input current is limited to 100 yA.

It is recommended that no inputs from sources other than the devices power
supply be applied to the device before its power supply is established, and that
in multiple supply systems, the supply to the device be activated first. This will
avoid destructive device latchup.

. Vin=0.0V, Full-Scale =409.6 mV.

. Vin=Vref=204.8 mV.

. Pins 18, 19, 20. Vout = +V, minus 3V. Mode input at ground.
. HBEN (Pin 19) LBEN (pin 18).

. With respect to ground.

. Vout= +V, minus 3V.

. Vout=Ground plus 3V.

. Pins 2 through 16, 18, 19 and 20.

Vout=2.5V.

. Difference in reading for equal positive and negative inputs near full-scale.
. Vem + 1V, Vin=0V. Full-scale =409.6 mV.

. Not exceeded 95% of the time.

. Vin=408.9 mV. External reference tempco =0 ppm/°C.

. 25 kQ between +V, and reference output.

. Vin=0. Crystal oscillator 3.58 MHz. Pins 2-21, 25, 26, 27, 29, open.

TECHNICAL NOTES

1. Differential voltages from 1.0V below the positive supply to
1.5V above the negative supply can be applied to the
device’s input. In this range, the system has a typical CMRR
of 86 dB. However, since the integrator also swings with the
common mode voltage, care must be taken to assure that
the integrator output does not saturate. To avoid this, the in-
tegrator swing can be reduced to less than the recom-
mended 4V full scale with some loss of accuracy. The in-
tegrator output can swing to within 0.3V of either supply
without loss of linearity.

2. The buffer amplifier and integrator have a Class A output
stage with 100 A of quiescent current. They supply 20 A of
drive current with negligible non-linearity. The integrating
resistor should be large enough to remain in this very linear
region over the input voltage range, but small enough that
undue leakage requirements are not placed on the PC
board. For a full-scale range of 4.096V, 200 kQ is optimum;
for 409.6 mV, 20 k should be used. For other values of full-
scale: Ryt = VEg/20 pA.

3. The integrating capacitor should be selected to give the max-
imum integrator output voltage swing without saturating the
integrator (approximately 0.3V from either supply). The value
for the integrating capacitor is given by the following equa-
tion: CINT = (2048 x TCLOCK) (20 uA)/Integrator VOUT SWil‘Ig.
The integrating capacitor should be selected to have low
dielectric absorption to prevent roll-over errors. Many types
of capacitors are adequate for this application, however,
polypropylene capacitors will give undetectable errors up to
+70°C.

4. The value of the auto zero capacitors depends upon the re-
quirements of the applications. For example, for a full-scale
voltage range of 409.6 mV, where noise is a major considera-
tion and the integrating resistor is very small, a value of Cpaz
twice Cyyt is optimum. Similarly, for a full-scale range of
4.096V, where recovery is more important than noise, a
value of Cpz equal to half C)yt is recommended.

5. The analog input required to generate a full-scale output of
4096 counts is Vi = 2 Vggg. Thus, for a normalized scale, a
reference of 2.048V should be used for a 4.096V full-scale,
and 204.8 mV for a 0.4096V full-scale. However, in many ap-
plications where the A/D is sensing the output from a
transducer, a scale factor other than the unity between the
absolute output voltage to be measured and a desired digital
output will exist. For example, in a weighing system, a full-
scale reading may be desired with 0.682V from the
transducer. In this case, rather than dividing the input down
to 409.6 mV, it should be applied directly and a reference
voltage of 0.341V should be used. Values for Ryt and Cint
would be 34K and 0.15 uF.
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6. The stability of the reference is a major factor in the overall
absolute accuracy of the converter. It is recommended that
an external high quality reference be used where the am-
bient temperature is not controlled or where high-accuracy
absolute measurements are being made.

If using the internal reference, REF OUT (Pin 29) should be
connected to — REF IN (Pin 39), and + REF IN should be
connected to the wiper of a precision trimpot between REF
OUT and + Vs. (See typical connections.)

PIN DESCRIPTION
INPUT/OUTPUT CONNECTION AND DESCRIPTION

PIN FUNCTION DESCRIPTION
1 | DIGITAL GROUND | Ground return for all digital logic.
2 | STATUS Output — High during integrate and

deintegrate until data is latched.
— Low when analog section is in Auto-
Zero configuration.

PIN FUNCTION DESCRIPTION
21 | MODE Input Low