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COMPANY HISTORY

Founded in 1970, DATEL is a multinational company located approximately 35 miles
south of Boston in Mansfield, Massachusetts. Our modern 180,000 square-foot
facility houses our admipistrative 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 manufac-
turing 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. 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 data acquisition product lines, meeting
the rapidly growing need for components and sub-systems to interface with comput-
ers in industrial, commercial, 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 /O boards, process monitor/controllers, digital panel meters, thermal
printers, digital calibrators and power supplies.
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HOW TO USE THIS DATABOOK

If you know the MODEL NUMBER, use the Product Index on the first page.

If you know the PRODUCT TYPE, refer to the Subject Index on page two to determine the proper
section, then refer to the SELECTION GUIDE TABLE at the beginning of that section.

If you want PRICE and AVAILABILITY information contact your local DATEL salesperson or rep-
resentative.

For all OTHER INFORMATION, such as New Product Highlights, Available Literature, available

High Reliability Product Programs, a listing of available DESC drawings, Substitution Guide and
Ordering Guide, use the Subject Index.
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AVAILABLE LITERATURE

DATEL'S ALL NEW DATA ACQUISITION HANDBOOK SERIES
The following additional Handboods are presented in complete data sheet format and include Se-
lection Guides, Application Notes, and Ordering Information.
Volume 2. Data Acquisition Boards
DVME, Multibus, PC Bus
Volume 3. Industrial Monitor and Control Products
Process Monitors, Digital Panel Meters, Thermal Panel Printers, Bench-
top and Hand-held Calibrators
Volume 4. Power Products
DC/DC Converters, Power Supplies

Also available are the following Application Notes:

AN-1 High-Speed A/D Converter Designs: Layout and Interfacing Pitfalls

AN-2 Picking the Right Sample-and-Hold Amp for Various Data Acquisition
Needs

AN-3 Data Converters: Getting to Know Dynamic Specifications

Data Acquisition and Conversion Handbook:
A technical guide to A/D - D/A converters and their applications.
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NEW PRODUCTS

ADS-117
12-Bit, 2.0 MHz, Low-Power
Sampling A/D Converter

Features

o

2.0 MHz minimum throughput
Functionally complete

Small 24-pin DIP

Low-power, 1.4 Watts
Three-state output buffers
Samples to Nyquist

ADS-118
12-Bit, 5.0 MHz, Low-Power
Sampling A/D Converter

Features

5.0 MHz minimum throughput
Functionally complete

Small 24-pin DIP

Low-power, 2.3 Watts
Three-state output buffers
Samples to Nyquist

e o o o o o

ADS-941
14-Bit, 1.0 MHz, High Resolution
Sampling A/D Converter

ADS-942
14-Bit, 2.0 MHz, High Resolution
Sampling A/D Converter

ADS-930
16-Bit, 500 KHz, High Resolution
Sampling A/D Converter

ADC-530
12-Bit,Ultra-Fast, Low-Power
A/D Converter

For Immediate Assistance, Dial 1-800-233-2765

Features
1.0 MHz minimum throughput
Functionally complete

Small 32-pin DIP

Low-power, 2.8 Watts
Three-state output buffers
Samples up to Nyquist

e o o o o o

Features

2.0 MHz minimum throughput
Functionally complete

Small 32-pin DIP

Low-power 2.9 Watts
Three-state output buffers
Samples up to Nyquist

e o o o o o

Features

+ 500 KHz sampling rate
» Functionally complete

+ Small 40-pin DIP

« Low-power, 1.8 Watts

* Three-state output buffers
+ Samples up to Nyquist

+ 16-Word FIFO memory

Features

350 nSec MAX. conversion time
Low-power, 2.1 Watts

Small initial errors

Three-state output buffers
Small 32-pin DIP

No missing codes

.
.
°
.
.
.




NEW PRODUCTS

HDAS-950/951 Features
16_Bit’ 100 KHz 16-bit resolution, 100 KHz

Data Acquisition Systems 8 SE 4 D channels

Miniature 40-pin DDIP

Full-scale gain range from 100 mV to 10V
High-impedance output state

e e o o o

HM-945 Features

High-Speed, Hybrid 500 nSec MAX acquisition time to 0.00076%
Precision Sample/Hold Differential input

0.0004% linearity

16-bit performance over military temperature range
Small 24-pin DDIP package
Operates at different gain settings

.
.
.
.
.
.

SHM-43 Features )
High-Speed, 0.01% 35 nS MAX acquisition time to 0.01% “;N e
Hybrid Sample/Hold 1 Picosecond aperture uncertainty j .

75 MHz small-signal bandwidth

520 Milliwatt maximum power dissipation
Small 14-pin DIP package

CMOS control signal

Mx;szs Features
Precision, High-Speed . 225nSec Max. settling time to 0.01%
Multiplexer 400 nSec. Max. settling time to 0.003%

+ 150 nSec. Max. settling time to 0.1%

» 8 Channels single-ended inputs

+ 395 Milliwatts power dissipation

» Small 24-pin DDIP package
MX-850 Features
Precision, High Speed « 50 Nanoseconds settling time to 0.01%
Multiplexer » 70 Nanoseconds settling time to 0.003%

» 100 Nanoseconds settling time to 0.001%

+ 4 Channels, single-ended inputs

» 207 Milliwatts power dissipation

+ Small 14-pin DIP package
MSH-840 Features
Quad Simultaneous 4 Simultaneous sample/holds
Sample Hold Internal 4 channel multiplexer

750 nSec acquisition time, 10V step to 0.01%
2 channels with optional X10 gain

Control logic for interfacing to- A/D's
Low-power, 1.5 Watts

e o o o o o

SHM-49 Features
High-Speed, 0.01% 16 MHz small signal bandwidth
Hybrid Sample/Hold Small g—girz%lﬁ%?icgnp:clkage

200 nS Max. acquisition time to 0.01%
72 dB feedthrough attenuation

+25 Picoseconds aperture uncertainty
413 Milliwatts power dissipation

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



NEW PRODUCTS

ADS-120 Features
12-Bit, 20 MHz
Sampling A/D Converter

20 MHz minimum throughput
Samples to Nyquist
Functionally complete

Small 40-pin DIP
Low-power, 4.2 Watts
Three-state output buffers
High input bandwidth

e o o o s o o

s

R

ADS-944 Features
14-Bit, 5.0 MHz, High Resolution
Sampling A/D Converter

5.0 MHz minimum throughput
Functionally complete

Small 32-pin DIP

Low-power, 3.4 Watts
Three-state output buffers
Samples to Nyquist

e e o o o »

ADS-945 Features
14-Bit, 10.0 MHz, High Resolution
Sampling A/D Converter

+ 10 MHz sampling rate
+ Functionally complete

* Small 40-pin DIP

« Low-power, 4.2 Watts

» Three-state output buffers
« Samples up to Nyquist

+ 16-Word FIFO memory

ADS-976 Features

16-Bit, 200 KHz, Low-Power 200 KHz sampling rate

Sampling A/D Converter Compatible to industry standard ADC76, AD376, AD1376
Small 32-pin DIP

Low-power, 1.8 Watts

Samples to Nyquist

16-Word FIFO memory

e s o s o o

FLT-DL Features
4- and 5- Pole High Frequency
Digitally Programmable

Active Filters

Digitally programmable

4- and 5-pole CAUER response
Cascadable 7-pole CAUER response
Cutoff frequencies to 1.2 MHz

Small 32-pin DIP

-55 to +125 °C operation

For Immediate Assistance, Dial 1-800-233-2765
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SAMPLING A/D CONVERTERS

Resolution Throughput Linearity Power
Model (Bits) (MHz) Error (Max) Watts (Max) Case Page
ADC-HS12B 12 0.066 +3/4 LSB 1.8 32-Pin DIP 2-51
ADS-111 12 0.500 +3/4 LSB 1.8 24-Pin DIP 1-1
ADS-112 12 1.0 +3/4 LSB 1.7 24-Pin DIP 1-5
ADS-193 12 1.0 +3/4 LSB 1.7 40-Pin DIP 1-35
ADS-21PC 12 1.3 +11SB 25 46-Pin DIP 1-39
ADS-132 12 2.0 +3/4 LSB 3.2 32-Pin DIP 1-31
Preliminary ~ ADS-117 12 2.0 +3/4 LSB 1.8 24-Pin DIP 1-9
Preliminary ~ ADS-118 12 5.0 +1LSB 25 24-Pin DIP 1-13 g
ADS-131 12 5.0 +1LSB 4.0 40-Pin DIP 1-25 w
ADS-130 12 10.0 +1LSB 4.2 40-Pin DIP 1-19 E
Advanced ADS-120 12 20.0 +11SB 4.2 40-Pin DIP 1-17 w
ADS-924 14 0.300 +1LSB 1.8 24-Pin DIP 1-43 ;
ADS-928 14 0.500 +3/4 LSB 34 32-Pin DIP 1-47 (]
Preliminary ~ ADS-941 14 1.0 +3/4 LSB 3.3 32-Pin DIP 1-53 o
Preliminary ~ ADS-942 14 2.0 +1 L.SB 3.4 32-Pin DIP 1-57
Advanced ADS-944 14 5.0 +1LSB 34 40-Pin DIP 1-61
Advanced ADS-945 14 10.0 +11SB 42 40-Pin DIP 1-63
Advanced ADS-976 16 0.200 +21SB 1.8 32-Pin DIP 1-65
Preliminary ~ ADS-930 16 0.500 +11/2LSB 24 40-Pin DIP 1-51
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Contact DATEL for your
Data Acquisition component
needs.

Dial
1-800-233-2765
for
Applications Assistance
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| ADS-111
@ _-I /:AEJ_E[I: 12-Bit, 500 KHz, Low-Power

Sampling A/D Converter

R

FEATURES

- 12-Bit resolution

« Internal Sample/Hold

» 500 KHz minimum throughput
 Functionally complete

- Small 24-pin DIP

- Low-power, 1.4 Watts

« Three-state output buffers

» No missing codes

GENERAL DESCRIPTION INPUT/OUTPUT CONNECTIONS
DATEL's ADS-111 is a 12-bit, functionally complete, sam- PIN | FUNCTION PIN | FUNCTION
pling A/D converter that is packaged in a space-saving 24-pin
ceramic DIP. A minimum throughput rate of 500 KHz is ; gg ﬁ 8'[; (LSB) 13 IS%/ITAL GROUND
achieved while only dissipating 1.4 Watts. 3 | BIT100UT 15 | EOC
4 | BIT9OUT 16 START CONVERT
Manufactured using thick-film and thin-film hybrid technology, 5 | BIT8OUT 17 | ENABLE (1-12)
a proprietary chip and unique laser trimming schemes, the 6 | BIT70UT 18 | COMP BIN
ADS-111's exclusive performance is based upon a digitally- 7 (BIT6OUT 19| ANALOG INPUT
corrected subranging architecture. 8 | BIT50UT 20 | BIPOLAR
9 | BIT40UT 21 +10V REF
10 | BIT30OUT 22 +15V
11 | BIT20UT 23 | ANALOG GROUND
12 | BIT 1 OUT (MSB) 24 -15V

E - . =
—@L DAC
+10V RER21 [ REF | ? j_"“@ ENABLE (1-12)
—/Sz L——rl . —>@ BIT 1 (MSB)
R - r—— 1) BIT2
3
LS FLASH G - ~{(10) BIT3
ADC | r_, (o) BIT4
s / - L ~(8)BITS5
5K E | -(7) BIT6
‘ R DIGITAL | | 3-STATE L ACo ey
10K CORRECGTION OUTPUT
BIPOLAR(20]apad— I LOGIC |- REGISTER |(5)BIT8
ANALOG (19— — + R ol -+(a)BiTo
INPUT 5K £ L —~(3) BIT 10
COWP. I - (2 BIT 11
18 s
BN LOGIC T
START CONTROL E | LD BIT 12 (LSB)
CoNv. 8 AND R
TIMING f }
EOC 15
© @ = ) @
+5V DIG. GND. +15V ANA GND. 45V

For Immediate Assistance, Dial 1-800-233-2765 1-1




ADS-111
ABSOLUTE MAXIMUM RATINGS
PARAMETERS LIMITS UNITS
+15V Supply (Pin 22) Oto+18 Volts dc
-15V Supply (Pin 24) 0to-18 Volts dc
+5V Supply (Pin 13) -0.5t0 +7.0 Volts dc
Digital Inputs
(Pins 16, 17, 18) -0.3to +6.0 Volts dc
Analog Input (Pin 18) -15t0 +15 Volts dc
Lead Temp.(10 Sec.) 300 max °C

FUNCTIONAL SPECIFICATIONS

Apply over the operating temperature range and at +15V dc

and +5V dc unless otherwise specified.

OUTPUTS MIN. TYP. MAX. UNITS
Logic Levels
Logic "1" 24 - - Volts dc
Logic "0" - - 0.4 Volts dc
Logic Loading "1" - -160 HA
Logic Loading “0" - - 6.4 mA
Internal Reference
Voltage, +25 °C +9.98 +10.0 +10.02 Volts de
Drift. - +5 +30 ppm/ °C
External Current - - 15 mA
Resolution 12 Bits
Output Coding
(Pin 18 Hi) Straight binary/offset binary
(Pin 18 Low) Complementary binary
Complementary offset binary
DYNAMIC PERFORMANCE
Conversion Rate
+25°C 500 600 - KHz
0°Cto+70°C 500 600 - KHz
-55Cto +125°C 500 - - KHz
Total Harmonic Distortion
DC to 60 KHz at Vin <5V p-p -65 -70 - dB
DCto 40 KHz at Vin=10Vp-p | -65 -70 - dB
Slew Rate - 90 - V/uSec.
Aperture Delay Time - 20 - nSec.
Aperture Uncertainty - +100 - pSec.
S/H Acquisition Time
to 0.01% (10V step)
+25°C - - 715 nSec.
0°Cto+70°C - - 765 nSec.
-55°C to +125 °C - - 900 nSec.
(Sinusoidal Input) - - 465 nSec.
POWER REQUIREMENTS
Power Supply Range
+15V dc Supply +14.25 | +15.0 |+15.75 | Voltsdc
-15V dc Supply k1425 | -15.0 |-15.75 | Volts dc
+5V dc Supply +4.5 +5.0 +5.5 Volts dc
Power Supply Current
+15V dc Supply - +38 +50 mA
-15V dc Supply - -36 -47 mA
+5V dc Supply* - +66 +80 mA
Power Dissipation - 1.4 1.8 Watts
Power Supply Rejection - - 0.01 | %FSR/%V
PHYSICAL/ENVIRONMENTAL
Operating Temp. Range
-MC 0 - +70 °C
-MM/883B -55 - +125 °C
Storage Temperature
Range -65 - +150 °C
Package Type 24-pin hermetic sealed, ceramic DIP
Weight 0.42 ounces (12 grams)

UTS | TYP. MAX. UNITS
Input Voltage Range
ADS-111 - +5 - Volts dc
(See Table 4 also) - 0to+10 - Volts dc
Input Impedance 5.0 15.0 - M Ohms
Input Capacitance - 3 5 pf
DIGITAL INPUTS
Logic Levels
Logic "1" 2.0 - - Volts dc
Logic "0" - - 0.8 Volts dc
Logic Loading "1" - - 5.0 uA
Logic Loading "0" - - -200 HA
A/D PERFORMANCE
Integral Non-Linearity
+25°C - +1/2 +3/4 LSB
0°Cto +70 °C - +1/2 +3/4 LSB
-55C to +125°C - - +2 LSB
Differential Non-Linearity
+25°C - +1/2 +3/4 LSB
0°Cto +70 °C - +1/2 +3/4 LSB
-55Cto +125°C - - +1 LSB
Full Scale Absolute
Accuracy
+25°C - +5 +10 LSB
0°Cto +70°C - 6 +18 LSB
-55 C to +125 °C - +10 +32 LSB
Unipolar Zero Error,
+25 °C (See Tech Note 1) - +3 +5
LSB
Unipolar Zero Tempco - +15 +30 ppm/ °C
Bipolar Zero Error,
+25 °C (See Tech Note 1) - +3 +5
LSB
Bipolar Zero Tempco - +5 +8 ppm/ °C
Bipolar Offset Error,
+25 °C (See Tech Note 1) - +4 +8
LSB
Bipolar Offset Tempco - +20 +40 ppm/ °C
Gain Error, +25 °C - +4 +8 LSB
(See Tech Note 1)
Gain Tempco - +20 +40 ppm/ °C
No Missing Codes
(12 Bits) Over the Operating Temp. Range.
1-2

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

TECHNICAL NOTES

1. Applications which are unaffected by endpoint errors or re-
move them through software will use the typical connections
shown in Figure 3. Remove system errors or adjust the
small initial errors of the ADS-111 to zero using the optional
external circuitry shown in Figure 4. The external adjust-
ment circuit has no affect on the throughput rate.

2. Rated performance requires using good high-frequency cir-
cuit board layout techniques. The analog and digital

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



D O/ANEL

ADS-111

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. Due to
the inductance and resistance of the power supply return
paths, return the analog and digital ground separately to the
power supplies.

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

. Obtain straight binary/offset binary output coding by tying
COMP BIN (pin 18) to +5V dc or leaving it open. The de-
vice has an internal pull-up resistor on this pin. To obtain
complementary binary or complementary offset binary out-
put 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.

. To obtain three-state outputs, connect ENABLE (pin 17) to a
logic "0" (low). Otherwise, connect ENABLE (pin 17) to a
logic "1" (high).

TIMING

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

Table 1. Input Range Selection

INPUT RANGE INPUT PIN TIE TOGETHER
+5V dc Pin 19 Pin 20 to Pin 21
0 to+10V dc Pin 19 Pin 20 to Ground

Table 2. Zero and Gain Adjust

CALIBRATION PROCEDURE

1. Connect the converter per Figure 3, Figure 4, and Table 1 for

the appropriate full-scale range (FSR). Apply a pulse of 200
nanoseconds 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.

. Zero Adjustments

Apply a precision voltage reference source between the am-
plifier's analog input and ground. Adjust the output of the
reference source per Table 2 . 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 18) tied high (straight binary) or be-
tween 1111 1111 1111 and 1111 1111 1110 with pin 18 tied
low (complementary binary).

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000
0000 0001 with (pin 18) tied high (offset binary) or between
0111 1111 1111 and 0111 1111 1110 with (pin 18) tied low
(complementary offset binary).

. Full-Scale Adjustment
Set the output of the voltage reference used in step 2 to the
value shown in Table 2. Adjust the gain trimming potentio-
meter so that the output code flickers equally between 1111
1111 1110 and 1111 1111 1111 for (pin 18) tied high or be-
tween 0000 0000 0001 and 0000 0000 0000 for (pin 18) tied
low.

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

reference voltage source to obtain the output coding listed
in Table 4.

NOTE: NOT DRAWN TO SCALE
START o
CONVERT N 200 nSec MINIMUM

465 nSec ACQUISITION TIME (SINUSOIDAL INPUT)
oo |<— Conversion Time  ——#=|

35 nSec. MAXIMUM

-30 nSec MINIMUM

INTERNAL S/ H

| 10 nSec. MINIMUM
25 nSec MAXIMUM

FSR ZERO ADJUST GAIN ADJUST
+1/2 LSB +FS-11/2LSB
0to +10V dc +1.22mV dc +9.9963V dc
+5V dc +1.22mVdc +4.9963V dc

_>‘ ‘4———1300 nSec. MINIMUM —————| |

< 20 nSec. MAXIMUM
OUTPUT DATA m |><|><]><] Data N Valid
ENABLE Enabled Data N-1 Valid 10 nSec. MAXIMUM—®=| | Enabled Data N Valid

-»-| |=—10 nSec, MAXIMUM

Table 3. Input Ranges
(using external calibration)

INPUT RANGE R1 | R2 UNIT

0to +10V, +5V 2 2 K Ohms
0to +5V, £2.5V 2 6 | KOhms
Oto+2.5V,£1.25V | 2 14 | KOhms

For Immediate Assistance, Dial 1-800-233-2765

INVALID &
DATA

Figure 2. ADS-111 Timing Diagram



ADS-111

Table 4. Output Coding

D DATEL

INPUT RANGE

UNIPOLAR OUTPUT CODING BIPOLAR INPUT
0to+10V_ | SCALE _|MSB LSB | MSB Lsp| SCALE RANGES
+9.9976V +FS-11LSB|1111 1111 1111 | 0000 0000 0000 | +FS -1 LSB +4.9976V
+8.7500V 7/18 FS 1110 0000 0000 | 0001 1111 1111 | +3/4 FS +3.7500V
+7.5000V 3/4 FS 1100 0000 0000 | 0011 1111 1111 | +1/2 FS +2.5000V
+5.0000V 12 FS 1000 0000 0000 | 0111 111111110 0.0000V
+2.5000V 1/4 FS 01000000 0000 | 1011 1111 1111 | -1/2FS -2.5000V
+1.2500V 1/8 FS 0010 0000 0000 | 1101 1111 1111 | +3/4 FS -3.7500V
+0.0024V 1LSB 0000 0000 0001 | 1111 11111110 -FS + 1 LSB -4.9976V

Q.OOOOV 0 0000 0000 0000 | 11111111 1111 ] -FS -5.0000V
+5V A5V 45V R2*
47uF(474F 47w
0.1F| 0.1 pF 0.1 4| To Pin 19
ol o @ 6 6 of ADS-111
BIT 1 (MSB) >—-o
oo o—6) a2 SIGNAL
vae g%MP ::: g INPUT 500
START START _ ADS-111 BIT6 GAIN
CONVERTW_@ CONVERT BIT? A
OPERATION BITS JUST
BITY
I ] I " —%0) BIPOLAR s:: :(‘)
BIT 12 (LSB) 5KQ ZERO/OFFSET
y) s REF.
| [i | L evee S, ADJUST

BIPOLAR

OPERATION *For the values of R1 and R2 see Table 3.

Figure 3. Typical ADS-111 Connection Diagram Figure 4. Optional Calibration Circuit

MECHANICAL DIMENSIONS
INCHES (MM)
0.800 MAX
(203) 0.190 MAX
49
— 5 0w ORDERING INFORMATION
0.010 x 0.018 (38)
KOVAR Pins MODEL NUMBER OPERATING TEMP. RANGE ~ SEAL
ADS-111MC 0°Cto+70°C Hermetic
|1z 8] I ADS-111MM -65 °C to +125 °C Hermetic
IBOTTOMI 1 1.310 MAX. ADS-111/883B -65°C to +125 °C Hermetic
SPACES 33,3
[ VIEW I At 0.100 (333) ACCESSORY
(2,5) ADS-EVAL1 Evaluation Board (without ADS-111)
| 4 5 4] Receptacle for PC board mounting can be ordered
through AMP Inc., Part # 3-331272-8 (Component
L0600 |  NOTE: Pins have 0.025 Inch £0.01 Lead Socket), 24 required.
(15,2) standoff from case.

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



| ADS-112
@ _I /A&EL 12-Bit, 1.0 MHz Low-Power

Sampling A/D Converter

FEATURES

- 12-Bit resolution

« Internal Sample/Hold

« 1.0 MHz minimum throughput
- Functionally complete

- Small 24-pin DIP

- Low-power, 1.3 Watts

» Three-state output buffers

« Samples to Nyquist

- No missing codes

INPUT/OUTPUT CONNECTIONS

PIN | FUNCTION PIN | FUNCTION

GENERAL DESCRIPTION 1 | BIT 12 0UT (LSB) 13 | +sv

. . . . 2 | BIT 11 T 14 DIGITAL GROUND
DATEL's ADS-112 is a 12-bit, functionally complete, sampling 3 | BIT10 881- 15 EO% GROU
A/D converter that is packaged in a space-saving 24-pin ce- 4 | BIT9OUT 16 | START CONVERT
ramic DIP. A minimum throughput rate of 1.0 MHz is achieved 5 | BIT8OUT 17 | ENABLE (1-12)
while only dissipating 1.3 Watts. The ADS-112 digitizes signals 6 | BIT70UT 18 | COMP BIN
up to Nyquist. 7 | BIT6OUT 19 | ANALOG INPUT

8 | BIT50UT 20 BIPOLAR

Typical applications include spectrum, transient, vibration and 1?) ggggg 3; ﬂ% REF
waveform analysis. This device is aiso ideally suited for radar, 11 | BIT20UT 23 | ANALOG GROUND
sonar, video digitization, medical instrumentation and high- 12 | BIT 1 OUT (MSB) 24 | -15v
speed data acquisition systems.

|
+10V REF21 REF H 17 ENABLE (112)
—
LS L——-l-u || {12 BIT 1 (MSB)
— w = - 11 BIT2
St E - ={10 BIT3
/ FLASH
ADC ? - L~ 9 BIT4
S - I~ 8 BITS
5K E | = 7 BIT6
- DIGITAL 3-STATE
10K R CORRECTION [ outpur [ & BT7
BIPOLAR 20| aad—I T LOGIC |+ REGISTER (= 5 BIT8
ANALOG 19 W — + R — I+ 4 BIT9
INPUT 5K g - I+ 3 BIT10
COMP. — 1 __'\ ., = 2 BIT 11
18 s _/
BIN T =
Locio | 1 BIT12(LSB)
START — |CONTROL E ™ 8
cony. 16 AND ]l
TIMING } 4 I, 4
EOC 15—
13 14 22 23 24
+5V DIG. GND. +15V ANA GND. 15V

For immediate Assistance, Dial 1-800-233-2765 1-5
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ABSOLUTE MAXIMUM RATINGS OUTPUTS MmN, [ tve. [ max. [ uwniTs
PARAMETERS LIMITS UNITS Resolution 12 Bits
Output Coding
. Pin 18 Hi Straight binary/offset bina
+15V Supply (Pin 22) Oto+18 Volts dc Epin 18 Lo)w) C(?mpleme%ary binary §
-15V Supply (Pin 24) 0to-18 Volts dc Complementary offset binary
+5V Supply (Pin 13) -0.5t0 +7.0 Volts dc DYNAMIC PERFORMANCE
Digital Inputs In-Bagd Harm}t()nics (-0.5dB) ;
(Pins 16, 17, 18) -0.3t0 +6.0 Volts dc ?oo‘;zr‘qg?o si-ézo KHz '73 ?/; - Eg gg
Analog input (Pin 19) -15to0 +15 Volts dc Total Harm. Distort. (-0.5 dB)
Lead Temp. (10 Sec.) 300 max °C DC o 100 KHz 75 78 - FS-dB
100 KHz to 500 KHz -68 -73 - FS-dB
Signal-to-Noise Ratio
(w/o distort., -0.5 dB)
DC to 100 KHz -68 -72 - FS-dB
FUNCTIONAL SPECIFICATIONS 100KHz to 500 KHz -67 71 - FS-dB
Signal-to-Noise Ratio
Apply over the operating temperature range and at +15V dc (& distort,, 0.5 dB)
and +5V dc unless otherwise specified. A - A - ke e
Effective Bits, -0.5 dB
DC to 100 KHz 11.0 1.4 - bits
ANALOG INPUTS MIN. TYP. MAX. UNITS 100 KHz to 500 KHz 10.6 11.25 - bits
Two-Tone Intermodulation
Input Voltage Range Distort. (fin = 75 KHz,
ADS-112 - +5 - Volts dc 105 KHz, Fs = 1 MHz, -7 dB -80 -88 - FS-dB
(See Table 4 also) - 0t0 +10 - Volts dc Two-Tone Intermodulation
Input Impedance 45 5.0 - K Ohms Distort. (fin = 480 KHz,
Input Capacitance - 6 15 pf 490 KHz, Fs = 1 MHz, 0.5 dB) -65 -68 - FS-dB
Input Bandwidth
DK_;ITAL INPUTS Small Signal (-20 dB input) 35 5 - MHz
Logic Lgvels Full Power (0 dB input) 25 4 - MHz
Logic"1" 20 - - Volts de Slew Rate - 150 - ViuSec.
Logic"0" - - 08 Vols de Aperture Delay Time - - 20 nSec.
Logic Loading "1" - - 5 HA Effect. Aperture Delay Time - - 16 nSec.
Logic Loading '0" - - -200 HA Aperture Uncertainty (Jitter)
A/D PERFORMANCE (RMS) - - 5 pec.
- (peak) - - +50 pSec.
No Missing Codes Overvoltage Recovery Time - - 1000 nSec.
(12 Bits; fin=500 KHz) Over the Operating Temp. Range. S/H Acquisition Time
(Transient Recovery Time) - - 180 nSec.
Integral Non-Linearity +25°C - 160 180 nSec.
+25°C - +1/4 +3/4 LsB 0°C10+70 °C - 200 235 nSec
0°Ct0+70 °C - /4 £3/4 LsB 55 C 10 +125 °C - 200 285 nSec
-55Cto+125°C - - +1.5 LSB Conversion Rate
Ditferential Non-Linearity (Changing Inputs)
+25°C - - +3/4 LSB 4+95°C 10 - - MHz
0°Cto+70 °C - - +3/4 LsB 0°Cto +70 °C 1.0 - - MHz
-55Cto+125°C - - +1 LSB 55C to +125°C 1.0 ~ - MHz
f\lcj:lclusrcaf:? Absolute POWER REQUIREMENTS
+25°C - +0.13 +0.25 % FSR Power Supply Range ®
0°Cto+70°C - +0.15 +0.44 % FSR +15V dc Supply +14.25 +15.0 +15.75 Volts dc
-55C 1o +125°C - +0.25 078 % FSR -15V dc Supply -14.25 -15.0 15.75 Volts de
Unipolar Zero Error, ; +5V dc Supply +4.75 +5.0 +5.25 Volts dc
+25 °C (See Tech Note 1) - +0.074 +0.13 % FSR Power Supply Current
Unipolar Zero Tempco. - +15 +30 ppm/ °C +15V dc Supply - 424 +35 mA
Bipolar Zero Error, -15V dc Supply - -40 -48 mA
+25 °C (See Tech Note 1) - +0.074 | +013 % FSR +5V dc Supply # - +80 495 mA
Bipolar Zero Tempco - 45 18 ppm/ °C Power Dissipation - 13 1.7 Watts
Blpolzasr %ﬂ(s:t E_:_rorﬁ ot 1) o 100 % FSR Power Supply Rejecti - - 0.07 %FSRI%V
+25 °C (See Tech Note - 0. 0. o
Bipolar Offset Tempco _ 20 140 ppm/ °C PHYSICAL/ENVIRONMENTAL
Gain Error, +25 °C - +0.1 0.2 % FSR Operating Temperature
(See Tech Note 1) Range, case
Gain Tempco - +20 +40 ppm/ °C -MC 0 - +70 °oC
Logic Levels -MM -55 - +125 °C
Logic"1" 24 - - Volts dc Storage Temperature
Logic "0" - - 04 Volts de Range 65 - +150 °C
Logic Loading "1" - - -160 pA
Logic Loading "0" - - 6.4 mA Package Type 24-pin hermetic sealed, ceramic DIP
Internal Reference Weight 0.42 ounces (12 grams)
Voltage, +25 °C +9.98 +10.0 +10.02 Volits dc
Drift. - 5 +30 ppm/ °C ® For £12V, +5V operation, contact DATEL
External Current - - 1.5 mA @ +5V power usage at 1 TTL logic loading per data output bit.

1-6 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

e e

1. Applications which are unaffected by endpoint errors or re-
move them through software will use the typical connections
shown in Figure 3. Remove system errors or adjust the
small initial errors of the ADS-112 to zero using the optional
external circuitry shown in Figure 4. The external adjust-
ment circuit has no affect on the throughput rate.

2. Rated performance requires using good high-frequency cir-
cuit board layout techniques. The analog and digital ground
are connected internally. Avoid ground-related problems by
connecting the digital and analog ground to one point, the
ground plane beneath the converter. Due to the inductance
and resistance of the power supply return paths, return the
analog and digital ground separately to the power supplies.

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

4. 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 com-
plementary binary or complementary offset binary output
coding, tie pin 18 to ground. The pin 18 signal is compatible
to CMOS/TTL logic levels for those users desiring logic con-
trol of this function.

5. To enable the three-state outputs, connect ENABLE (pin 17)
to a logic "0" (low). To disable, connect pin 17 to a logic "1"
(high).

TIMING

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

NOTE: NOT DRAWN TO SCALE

START , »
CONVERT 50 nSec., +25 nSec.

180 nSec max. Acquisition Time (Sinusoidal Input)
= ~&—  Conversion Time ~ ——#|

30 nSec min

10 nSec. min.,

INTERNAL S/ H 25nSec max

| e 35 S0, max

output0ATA [N ~———— 800nSec. min. ———» DW Data N Vaiid
ENABLE Enabled Data N-1 Valid 10 nSec max. —==| |- Enabled Data N Valid

-»| |10 nSec max.
INVALID X
DATA

Figure 2. ADS-112 Timing Diagram

For Immediate Assistance, Dial 1-800-233-2765

ADS-112

SRS

CALIBRATION PROCEDURE

1. Connect the converter per Figure 3, Figure 4, and Table 2
for the appropriate full-scale range (FSR). Apply a pulse of
150 nanoseconds to the START CONVERT input (pin 16) at
a rate of 250 KHz. This rate is chosen to reduce the 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 analog input and ground. Adjust the output of the
reference source per Table 3. For unipolar, adjust the zero
trimming potentiometer so that the output code flickers
equally between 0000 0000 0000 and 0000 0000 0001 with
COMP BIN (pin 18) tied high (straight binary) or between
1111 1111 1111 and 1111 1111 1110 with pin 18 tied low
(complementary binary).

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000
0000 0001 with pin 18 tied high (offset binary) or between
0111 1111 1111 and 0111 1111 1110 with pin 18 tied low
(complementary offset binary).

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 3. Adjust the gain trimming potentio-
meter so that the output code flickers equally between 1111
1111 1110 and 1111 1111 1111 for pin 18 tied high or be-
tween 0000 0000 0001 and 0000 0000 000 for pin 18 tied
low.

To confirm proper operation of the device, vary the precision

reference voltage source to obtain the output coding listed
in Table 5.

Table 2. Input Range Selection

INPUT RANGE - INPUT PIN TIE TOGETHER
+5V dc Pin 19 Pin 20 to Pin 21
0 to+10V dc Pin 19 Pin 20 to Ground

Table 3. Zero and Gain Adjust

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

0to +10V dc +1.22mV dc +9.9963V dc

+5V dc +1.22mVdc +4.9963V dc

Table 4. 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 | KOhms
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Table 6. Output Coding for Bipolar Operation

STRAIGHT BIN. COMP. BINARY

INPUT RANGE| UNIPOLAR OUTPUT CODING BIPOLAR INPUT
0to+10V__|SCALE MSB LSB | MSB LSB | SCALE RANGES
+9.9976V  [+FS-1LSB |[1111 1111 1111 | 0000 0000 0000 | +FS-1LSB | +4.9976V

. +8.7500V  {7/8 FS 1110 0000 0000 | 0001 1111 1111 | +3/4 FS +3.7500V
+7.5000V 3/4 FS 1100 0000 0000 | 0011 1111 1111 | +1/2 FS +2.5000V
+5.0000V  |1/2FS 1000 0000 0000 | 0111 1111 1111 |0 0.0000V
+2.5000V 1/4 FS 0100 0000 0000 | 1011 1111 1111 | -1/2FS -2.5000V
+1.2500V  |1/8 FS 0010 0000 0000 | 1101 1111 1111 | -3/4 FS -3.7500V
+0.0024V |1 LSB 0000 0000 0001 | 1111 1111 1110 | -FS +1 LSB -4.9976V

0.0000V 0 0000 0000 0000 | 1111 1111 1111 | -FS -5.0000V
R2*
+15V. -15V 45V
O
ATuF| 47yF 47uF[] TOAPD'g_:?ZOF
0.4 pF| 0.1 uF, 0.1uF SIGNAL © °
INPUT
22 23 24 13 14 G
12 v (MsB) ADJUST
s oo . o
Fo— BIT3
_ s ZERQIOFFSET
svde o8| CoMP s BT4 ADJUST
stanr © BN ADS-112 7 zg: * For values of R1 and R2, see Table 4
BELLAN 6
=T convert O] s oo Figure 4. Optional Calibration Circuit -
2 20 | BPOLAR INPUT 5 BT
L. ] Y e Gt ®
[ | roveer - ?Q(LSB) o
- B;;LAR‘—’ | l l 17 ENABLE (1-12)
OPERATION .

UNPOLAR
OPERATION

Figure 3. Typical ADS-112 Connection Diagram

58885 85488

H

o so 10 150 200 250 300 350 400 450 500

MECHANICAL DIMENSIONS o
INCHES (mm) Figure 5. FFT Analysis of ADS-112
0.800 MAX
20,3
l ©0.9) 177 0-15(’2;‘/)'“ ORDERING INFORMATION
| I i 0.150 MIN. MODEL OPERATING
0.010x 0.018 (3,8) NUMBER TEMP. RANGE - SEAL
KOVAR Pins
ADS-112MC 0°Cto+70°C Hermetn:c
| 12 1 3| ——l—— ] ADS-112MM -55 °C to +125 °C Hermetic
| | 11 1.310 MAX. ACCESSORIES
IBOTTOMl SPACES  (33,3)
| VIEW | At0.100 ADS-EVAL1 Evaluation board (without ADS-112)
(2,5)
|1 24! Receptacle for PC board mounting can be ordered through
0.600 AMP Inc., Part # 3-331272-8 (Component Lead Socket),
(15,2) 24 required.
NOTE: Pins have 0.025 Inch +0.01 For availability of MIL-STD-883B versions, contact DATEL.
standoff from case.

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



ADS-117
@ E_/A&HEL 12-Bit, 2.0 MHz, Low-Power

PRELIMINARY PRODUCT DATA Sampllng A/ D Converter

S e
FEATURES

Qow?

- 12-Bit resolution

« Internal Sample/Hold

« 2.0 MHz minimum throughput
« Functionally complete

« Small 24-pin DIP

« Low-power, 1.4 Watts

« Three-state output buffers

« Samples to Nyquist

INPUT/OUTPUT CONNECTIONS

GENERAL DESCRIPTION PIN | FUNCTION PIN | FUNCTION
DATEL's ADS-117 is a 12-bit, functionally complete, sampling 1 | BIT 12 OUT (LSB) 13 | +5v
A/D converter that is packaged in a space-saving 24-pin ce- 2 | BIT110OUT 14 | DIGITAL GROUND
ramic DIP. A minimum throughput rate of 2.0 MHz is achieved 2 gg goo%l%T 12 S%C\;RT CONVERT
i issipati 4 Watts. T -117 digiti ig- SIARTL
;v;geugrzg/ l\?tsilg?tmg 1 atts. The ADS-117 digitizes sig s |BITaouT 17 | ENABLE (1-12)
yquist. 6 |BIT70UT 18 | COMP BIN
7 | BIT6 OUT 19 | ANALOG INPUT
8 | BIT50UT 20 [ BIPOLAR
9 | BIT40OUT 21 | +10V REF
10 | BIT30OUT 22 | +15v
11 | BIT20UT 23 | ANALOG GROUND
12 | BIT 1 OUT (MSB) 24 | -15V

—_—
a— DAC
+10V REF 21 [ REF H §— 17 ENABLE (1-12)
-— _/82 L _]_| ‘ =12 BIT 1 (MSB)
| . @ h Lo =11 BIT2
St E Lol l~10 BIT3
/ FLASH G
ADC | ] I~ 9 BIT4
? / - »~{ 8 BITS
5K E L = 7 BIT6
R DIGITAL 3-STATE 6 BIT7
10K CORRECTION [™] OUTPUT [ "]
BIPOLAR 20| ad— T LOGIC || REGISTER {— 5 BIT8
ANALOG 19 AW R = 4 BIT9
INPUT 5K > S E: = 3 BIT10
COMP. | "‘L"\ | > 2 BIT11
ety 18 S
BIN LOGIC T __‘/
START CONTROL E 1 = 1 BIT 12 (LSB)
coNv. 16 AND FIL
TIMING } 4
EOC  15(——=— t t
13 14 22 23 24
+5V DIG. GND. +15V ANA GND. -15v

For Immediate Assistance, Dial 1-800-233-2765 1-9
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS OUTPUT CONT. [mn. [ 1ve. Jmax. | uns
N DYNAMIC PERFORMANCE
+15V Supply (Pin 22) O0to+18 Volts dc
-15V Supply (Pin 24) Oto-18 Volts dc In-Band Harmonics (-0.5 dB)
+5V Supply (Pin 13) -0.5t0 +7.0 Volts dc DC to 100 KHz -75 -81 - FS-dB
100 KHz to 500 KHz -70 -75 - FS-dB
Digital Inputs 500 KHz to 1 MHz -67 -70 - FS-dB
2 Total Harm. Distort. (-0.5 dB)
(Pins 16, 17, 18) -0.3t0 +6.0 Volts dc DC to 100 KHz .75 78 - FS-dB
Analog Input (Pin 19) -15t0 +15 Volts dc 100 KHz to 500 KHz -68 73 - FS-dB
Lead Temp. (10 Sec.) 300 max °C 500 KHz to 100 MHz -66 71 - FS -dB
Signal-to-Noise Ratio
(wio distort., -0.5 dB)
DC to 100 KH. -68 -2 - FS-dB
FUNCTIONAL SPECIFICATIONS 100;?,.;2 to 50(2) KHz 67 2] - FS -dB
Apply over the operating temperature range and at +15V dc 500 KHz to 1 MHz -66 R - FS-dB
and +5V dc unless otherwise specified. Signal-to-Noise Ratio
& distort., -0.5 dB
ANALOG INPUTS MIN. | TYP. | MAX. | UNITS B iz s ;g - o
500 KHz to 1 MHz -65 -70 - FS-dB
Input Voltage Range Effective Bits, -0.5 dB
ADS-117 - 5 = | Voltsde DC to 100 KHz 11.0 114 - bits
(See Table 2 also) - 0t0+10 = | Voltsde 100 KHz to 500 KHz 106 11.25 - bits
Input Impedance 45 50 - | KOhms 500 KHz to 1 MHz 105 110 - bits
Input Capacitance - 6 15 pt Two-Tone Intermodulation
DIGITAL INPUTS Distort. (fin = 75 KHz,
Loaic Level 105 KHz, Fs = 1 MHz, -7 dB -80 -88 - FS-dB
°9£° -evels Vol Two-Tone Intermodulation
ogic 17 20 - o | s Distort, (fin = 970 KHz,
Logic®0® - - 08 olts de 990 KHz, Fs =2 MHz,-0.5dB) | -65 68 - FS-dB
Logic Loading "1 - - 5 HA Input Bandwidth
Logic Loading "0 - - -200 A Small Signal (-20 dB input) 8 10 - MHz
PERFORMANCE Full Power (0 dB input) 5 7 - MHz
No Missing Cod Feedthrough (1 MHz) -72 -74 - dB
issing Lodes ) Slew Rate - 210 - VipSec.
(12 Bits; fin=1 0 MHz) Over the Operating Temp. Range. Aperture Delay Time _ _ 20 nSec.
integral non-Linearity N 7 s Effect. Aperture Delay Time - - 16 nSec.
+25 - /4 31 L Aperture Uncertainty (Jitter)
0°Ct0+70°°C - Hi4 434 LSB (RMS) - 5 5 pSec
55C10+15C - - # LSB (peal) Z 2 40 pSec.
Dlﬁegenggl Non-Linearity + LS8 Overvoltage Recovery Time - - 1000 nSec.
+25 - - 34 S/H Acquisition Time 10 0.01%FS
0°C10+70°C - - 34 | LB £ 289G _ R 150 nSec
55C 10 +125 °C - - #5 LSB 010 +70°C z z 165 nSec
iﬂlm; (g‘e’:‘}':é?‘ Note ) 55C 104125 °C - - 170 nSec
"5 6 _ 013 1025 %FSA Conversion Rate -55Ct0+125°C | 2.0 - - MHz
0°Cto+70°C - 40.15 +0.44 % FSR POWER REQUIREMENTS
-55C to +125 °C - 40.25 +0.78 % FSR
. Power Supply Range ®
Unipolar Zero Error,
+25 °C (See Tech Note 1) - 10074 | 043 | %FSR Py szpp,ﬂlyy Nem | Yeo |Ts7s | Vewss
Unipolar Zero Tempco. - #5 80| ppm/C +5V dc Supply 475 | 450 | 4525 | Volisdc
Bipolar Zero Error, Power Supply Current
+25 °C (See Tech Note 1) - 40.074 40.13 % FSR +15V dc Supply _ 435 46 mA
Bipolar Zero Tempco - 5 8 ppm/ °C -15V dc Supply - 40 50 mA
Bipolar Offset Ervor, +5V dc Supply @ - 460 45 mA
B +2|;’ ‘g“(See Tech Note 1) - 0.1 102 % FSO% Power Dissipation - 14 18 Watts
ipolar Offset Tempco - +20 +40 ppm/ _ ~ C % A
Gain Error, 125 °C - 301 1002 % FSR Power Supply Rejection 0.07 %FSR/%V
(See Tech Note 1) PHYSICAL/ENVIRONMENTAL
Gain Tempco - 20 40 ppm/ °C ‘Operating T
OUTPUTS Range, case
-MC 0 - +70 °C
Internal Reference MM 55 _ +125 o
Voltage, +25 °C 4998 | 4100 | +1002 | voltsde Storage Temperature
Drift. - 15 130 ppm/ °C Range 65 - +150 °C
External Current - - 1.5 mA
Resolution 12 Bits ; ; ;
. Package Type 24-pin hermetic sealed, ceramic DIP
Output Coding
(Pin 18 H) Straight bin./offset bin. Weight 0.42 ounces (12 grams)
(Pin 18 Low) Comp. bin./Comp. offset bin. @ For +12V, +5V operation, contact DATEL
@ +5V power usage at 1 TTL logic loading per data output bit.
Logic Levels
Logic "1" 24 - - Volts dc
Logic "0" - - 0.4 Volts dc
Logic Loading "1" - - -160 VA
Logic Loading "0" - - 6.4 mA

1-10 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.

2. Rated performance requires using good high-frequency cir- the pin 18 tied high (straight binary) or between 1111 1111
cuit board layout techniques. The analog and digital 1111 and 1111 1111 1110 with the pin 18 tied low (comple-
grounds are connected internally. Avoid ground-related mentary binary).
problems by connecting the digital and analog grounds to . . . .
one point, the ground plane beneath the converter. Due to For bipolar operation, adjust the potentiometer such that the
the inductance and resistance of the power supply return code flickers equally between 1000 0000 0000 and 1000
paths, return the analog and digital ground separately to the 0000 0001 with pin 18 tied high (offset binary) or between
power supplies. 0111 1111 1111 and 0111 1111 1110 with pin 18 tied low

(complementary offset binary).

3. Bypass the analog and digital supplies and the +10V refer- .
ence (pin 21) to ground with a 4.7 uF, 25V tantalum electro- - Full-Scale Adjustment )
lytic capacitor in parallel with a 0.1 uF ceramic capacitor. Set the output of the voltage reference used in step 2 to the
Bypass the +10V reference (pin 21) to analog ground (pin value shown in Table 1. Adjust the gain trimming potentio-
23). meter so that the output code flickers equally between 1111

1111 1110 and 1111 1111 1111 for pin 18 tied high or be-

4, Obtain straight binary/offset binary output coding by tying tween 0000 0000 0001 and 0000 0000 0000 for pin 18 tied
COMP BIN (pin 18) to +5V dc or leaving it open. The de- low.
vice has an internal pull-up resistor on this pin. To obtain . . . .
complementary binary or complementary offset binary out- 4. To confirm proper operation of the device, vary the precision
put coding, tie pin 18 to ground. The pin 18 signal is com- _reference voltage source to obtain the output coding listed
patible to CMOS/TTL logic levels for those users desiring in Table 3.
logic control of this function.

5. To enable the three-state outputs, connect ENABLE (pin 17) Table 1. Zero and Gain Adjust
to a logic "0" (low). To disable, connect pin 17 to a logic "1"

(high). FSR ZERO ADJUST | GAIN ADJUST
. ) +1/2LSB +FS-11/2LSB

6. To meet the guaranteed conversion rate, a maximum start
convert pulse is specified. A wider start convert pulse will 0to +10V dc +1.22mV dc +9.9963V dc
result in slower conversion rates. +5V dc +1.22mV dc +4.9963V dc

Applications which are unaffected by endpoint errors or re-
move them through software will use the typical connections
shown in Figure 3. Remove system errors or adjust the
small initial errors of the ADS-117 to zero using the optional
external circuitry shown in Figure 4. The external adjust-
ment circuit has no affect on the throughput rate.

S

ADS-11 7

e

a rate of 250 KHz. This rate is chosen to reduce flicker if
LED's are used on the outputs for calibration purposes.

. Zero Adjustments

Apply a precision voltage reference source between the am-
plifier's analog input and ground. Adjust the output of the
reference source per Table 1. For unipolar, adjust the zero
trimming potentiometer so that the output code flickers
equally between 0000 0000 0000 and 0000 0000 0001 with

Figure 2 shows the relationship between the various input
signals. The timing shown applies over the operating tem-
perature range and over the operating power supply range.
These times are guaranteed by design.

Table 2. Input Ranges (using external calibration)

INPUT RANGE R1 R2 UNIT
CALIBRATION PROCEDURE
0to +10V, +5V 2 2 K Ohms
1. Connect the converter per Figure 3, Figure 4, and Table 2 0to +5V, +2.5V 2 6 K Ohms
for the appropriate full-scale range (FSR). Apply a pulse of Oto+2.5V,+1.25V | 2 14 K Ohms
150 nanoseconds to the START CONVERT input (pin 16) at
Table 3. Output Coding
STRAIGHT BIN. COMP. BINARY
UNIPOLAR | INPUT RANGES, V dc OUTPUT CODING INPUT RANGE | BIPOLAR
SCALE 0 to +10V MSB LSB | MSB LSB +5V dc SCALE
+FS-1LSB +9.9976V 1111 1111 1111 | 0000 0000 0000 +4.9976V +FS-1LSB
7/8 FS +8.7500V 1110 0000 0000 | 0001 1111 1111 +3.7500V +3/4 FS
3/4 FS +7.5000V 1100 0000 0000 | 0011 1111 1111 +2.5000V +1/2 FS
12 FS +5.0000V 1000 0000 0000 { 0111 1111 1111 0.0000V 0
1/4 FS 2.5000V 0100 0000 0000 | 1011 1111 1111 -2.5000V -1/2 FS
1/8 FS 1.2500V 0010 0000 0000 | 1101 1111 1111 -3.7500V -3/4 FS
1LSB 0.0024V 0000 0000 0001 | 1111 1111 1110 -4.9976V -FS +1 LSB
0 0.0000V

For Immediate Assistance, Dial 1-800-233-2765

0000 0000 0000 | 1111 1111 1111 -5.0000V -FS




ADS-117

D [O/AYNEL

R

ANALOG ! |
INPUT | NOTE: Not Drawn To Scale
! Il
!
!
START N —se™" |4— 50 nSec., £20 nSec.
CONVERT

Conversion Time

[ 150 nSec max. Acquisition Time, +25 °C
N | |-—

R2*

*For Values of R1
and R2 refer to
Table 2.

EOC | I
| ¢ 20 nSec. min., 35 nSec. max. = ———— SIGNAL
i O
_ 10 nSec. min, - 80 nSec min INPUT TO PIN 19
INTERNAL S/ H 25 nSec max | oF
! 8
) | 20nSec. max. GAIN K ADS-117
OUTPUT DATA D<|><]<__ 350 nSec. Min.  ————pm |><]><]><| Data N Valid ADJUST 10K
ZERO/OFFSET
) ADJUST
ENABLE Enabled Data N-1 Valid 10 nSec max—p-| |- Enabled Data N Valid
-| |<e— 10 nSec. max.
INVALID
. . e . DATA - - - - . .
Figure 2. ADS-117 Timing Diagram Figure 4. Optional Calibration Circuit
+15V A5V +5V
4: uF| 47 p>F 4+.7 uF 1 9B
- ol
0.1 uF| 0.1 uF 0.1 uF 10
20
22| 23] 24 13 14 . 2
BIT 1 (MSB) 0] —
ANALOG 19 1
weut  © 10 g::i 50
o 9 60
18_| Comp BIT 4
wde O BIN & ams 70
ADS-117 7 BiTe 80
START 16 6 a7 i 0 ;|
CONVERT S airs AT A
— — — BIT 9
2o—| | 20 | gpoLAR 2 BIT 10 0 o1 02 03 04 05 06 07 08 09 10
v INPUT T BT MHz
| [ BIT 12
21 21 | 410V REF 12 Eoe
_ _— 1 L 1@ ENABLE (112 Figure 5. FFT Analysis of ADS-117
BIPOLAR |oA1 pFl 47 F
OPERATION
UNIPOLAR
OPERATION

Figure 3. Typical ADS-117 Connection Diagram

MECHANICAL DIMENSIONS
INCHES (MM)

0.800 MAX

(203) .1 0.190 MAX
@9)
0.150 MIN.

0.010%0.018 (38)
KOVAR Pins

112 13|*|'—‘“

1 1.310 MAX.
]aorroM| SPACES  (33.3)
VIEW | At0.100
|||
11 24|
o600 |
(15.2)

NOTE: Pins have 0.025 Inch +0.01
standoff from case.

ORDERING INFORMATION
MODEL OPERATING
NUMBER TEMP. RANGE SEAL
ADS-117MC 0°Cto+70°C Hermetic
ADS-117MM -55 °C to +125 °C Hermetic
ADS-EVAL1 Evaluation board (without ADS-117)

Receptacle for PC board mounting can be ordered
through AMP Inc., Part # 3-331272-8 (Component Lead
Socket), 24 required.

For availability of MIL-STD-883 versions of the ADS-117,

contact DATEL.

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

.

FEATURES

« 12-Bit resolution

« Internal Sample/Hold

« 5.0 MHz minimum throughput
» Functionally complete

« Small 24-pin DIP

« Low-power, 2.3 Watts

« Three-state output buffers

- Samples to Nyquist

GENERAL DESCRIPTION

DATEL's ADS-118 is a 12-bit, functionally complete, sampling
A/D converter that is packaged in a space-saving 24-pin ce-
ramic DIP. A minimum throughput rate of 5.0 MHz is achieved
while only dissipating 2.3 Watts. The ADS-118 digitizes sig-
nals up to Nyquist.

Sampling A/D Converter

SHRRR

ADS-118
12-Bit, 5.0 MHz, Low-Power

INPUT/OUTPUT CONNECTIONS

PIN | FUNCTION PIN | FUNCTION
1 | BIT 12 0UT (LSB) 13 | +5v
2 | BIT11 OUT 14 | DIGITAL GROUND
3 | BIT100UT 15 | EOC
4 |BITOOUT 16 | START CONVERT
5 | BIT8OUT 17 | ENABLE (1-12)
6 | BIT7 OUT 18 | COMP BIN
7 | BiT60OUT 19 | ANALOG INPUT
8 | BIT50UT 20 | -5V
9 | BIT40UT 21 | +10V REF
10 | BIT30UT 22 | +15V
11 | BIT2 00T 23 | ANALOG GROUND
12 | BIT 1 OUT (MSB) 24 | -15v

+10V REF 21 REF 17 ENABLE (1-12)
P ‘ | ] l»{ 12 BIT 1 (MSB)
s — R - F={11 BIT2
E
St FLASH G ] =10 BIT3
E— Anc N\ | - L= o BIT4
s Lol = 8 BITS
E . Lel 7 BIT6
- DIGITAL 3-STATE
R CORRECTION [ outpur [™] 8 BIT7
4 T LOGIC  |-»| REGISTER | 5 BIT8
ANALOG 19 [~ R - = 4 BITY
INPUT : Lol = 3 BIT10
CoMP — [ . s 2 BIT11
=" 48 S
BIN S -
LOGIC
START CONTROL £ - >l 1 BIT12(LSB)
cony. 16 AND Ff
TIMING
EOC 15— t t If 4
13 14 20 22 23 24
+5V DIG. GND. 5V +15V ANA GND. -5V

For Immediate Assistance, Dial 1-800-233-2765
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS OUTPUT CONT. mn. | Tve. [ max. | units

+15V Supply (Pin 22) 0to +18 Volts dc Bt g 12Bis

-15V Supply (P'n 24) Oto-18 Volts dc (Pin 18 Hi) Straight binary/offset binary

+5V Supply (Pin 13) -0.5t0 +7.0 Volts dc (Pin 18 Low) Complementary binary

+5V Supply (Pin 20) +0.5t0 -7.0 Volts dc Complementary offset binary

Digital Inputs DYNAMIC PERFORMANCE

(Pins 16, 17, 18) -0.3to +6.0 Volts dc ; 0

. n-Band:(-0.5 dB) .

Analog Input (Pin 19) -15to +15 Volts dc DC 10 500 KHz 70 75 _ FS -dB

Lead Temp. (10 Sec.) 300 max °C 500 KHz to 1.0 MHz -65 -70 - FS-dB
1.0 MHz t02.5 MHz 63 -65 - FS-dB

Total Harm. Distort. (-0.5 dB)

DC to 500 KHz -70 73 - FS-dB

FUNCTIONAL SPECIFICATIONS 500 KHz to 1.0 MHz -63 -68 - FS-dB

Apply over the operating temperature range and at 15V dc s “i :“H'i o 2.5 ’:,"“Z €0 6 - FS-d8 .

and +5V dc unless otherwise specified. '9?‘:,; Zistg::f_og I:i)B)

DC to 500 KHz -63 -68 - FS-dB
500KHz to 1.0 MHz -62 -66 - FS-dB

ANALOG INPUTS MIN. TYP. MAX. | UNITS 1.0 MHz to 2.5 MHz -60 62 - FS-dB

Signal-to-Noise Ratio

Input Voltage Range with distortion, -0.5 dB
ADS-118 - pal - Volts dc DC to 500 KHz -65 -66 - FS-dB
(See Table 4 also) - - - Volts de 500 KHz to 1.0 MHz -64 -65 - FS-dB

Input Impedance 5.0 10.0 - M Ohms 1.0 MHz to 2.5 MHz 63 65 - FS-dB

Input Capacitance - 6 15 pf Effective Bits, -0.5 dB 105

DC to 500 KHz X 10.8 - bits

DIGITAL INPUTS 500 KHz to 1.0 MHz 10.3 10.5 - bits

Logic Levels 1.0 MHz to 2.5 MHz 10.3 104 - bits
Logic "1" 20 - - Volts dc Two-Tone Intermodulation
Logic "0" - - 0.8 Volts de Distort. (fIN = 75 KHz,

Logic Loading "1" - - 5 pA 105 KHz, Fs =5 MHz, -7 dB 74 -81 - FS-dB
Logic Loading "0" - - -200 pA Two-Tone Intermodulation
Distort. (fIN = 2.3 KHz,

PERFORMANCE 2.5MHz, Fs - 5MHz, 05d8) | 60 6 - | s

No Missing Codes Input Bandwidth

(12 Bits; fIN = 2.5 MHz) Over the Operating Temp. Range. Small Signal (-20 dB input) 50 65 - MHz

E Full Power (0 dB input) 30 40 - MHz

Integral Non-Lin., fIN = 2.5 MHz Slew Rate - 250 - V/USec..
+25 °C - =1/4 +1 LSB Aperture Delay Time - - 10 nSec.
0t0+70 C - =12 1 LSB Effect. Aperture Delay Time - - 8 nSec.
-55 10 +125 °C - - .5 LSB Aperture Uncertainty (Jitter)

Diff.Non-Lin., fIN = 2.5 MHz (RMS) - - +10 pSec.
+25°C - 12 +3/4 LSB (peak) - - 125 pSec.
0to+70 °C - =1 + LSB Overvoltage Recovery Time - - 1000 nSec.
5510 +125 °C - - + LSB S/H Acquisition Time to 0.01%

Full Scale Absolute (Transient Recovery Time)

Accuracy (See Technical Note 1) +25°C - - 50 nSec.
+25°C - 40.13 40.25 % FSR 0to+70 °C - - 50 nSec
0to +70°C - 40.15 .44 % FSR -5510 +125 °C - - 50 nSec
-5510 +125 °C - .25 0.78 % FSR Conversion Rate -55 to +125 °C 5.0 - - MHz

Unipolar Zero Error,
+25 °C (See Tech Note 1) - 40074 | 4013 | %FSR POWER REQUIREMENTS

Unipolar Zero Tempco. - +15 +30 ppm/ °C Power Supply Range @

Bipolar Zero Error, +15V dc Supply +14.25 +15.0 +15.75 Volts dc
+25 °C (See Tech Note 1) - 40074 | 4013 | %FSR -16V de Supply -14.25 -15.0 -15.75 | Voltsdc

Bipolar Zero Tempco - 5 8 ppm/ °C +5V dc Supply +4.75 +5.0 +5.25 Volts dc

Bipolar Offset Error, -5V dc Supply -4.75 5.0 5.25 Volts dc
+25 °C (See Tech Note 1) - 0.1 © 402 % FSR Power Supply Current

Bipolar Offset Tempco - 20 +40 ppnv °C +15V dc Supply - +45 +55 mA

Gain Error, +25 °C - 0.1 0.2 % FSR -15V dc Supply - 20 25 mA
(See Tech Note 1) +5V dc Supply @ - +170 +175 mA

Gain Tempco - 20 +40 ppm/ °C -5V dc Supply - -100 -105 mA |

Power Dissipation - 23 25 Watts

OUTPU;I-S Power Supply Rej - - 0.07 %FSRI%V

Logic Levis
Logic"1" 24 _ _ Volts dc PHYSICAL/ENVIRONMENT
Logic "0" - - 04 Volts dc Operating Temperature Range
Logic Loading "1" - - -160 PA -MC 0 - +70 °C
Logic Loading "0" - - 6.4 mA -MM -55 - +125 °C

Internal Reference Storage Temperature Range 65 - +150 °C

Voltage, +25 °C +9.98 +10.0 +10.02 Volts dc
Drift. - 15 430 ppm/ °C Package Type 24-pin'hermetic sealed, ceramic DIP
External Current - - 15 mA Weight 0.42 ounces {12 grams)

@ For +12V, +5V operation, contact DATEL
@ +5V power usage at 1 TTL logic loading per data output bit.

1-14 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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PR
TECHNICAL NOTES

1. Applications which are unaffected by endpoint errors or re-
move them through software will use the typical connections
shown in Figure 3. Remove system errors or adjust the
smalll initial errors of the ADS-118 to zero using the optional
external circuitry shown in Figures 4a and 4b. The external
adjustment circuit has no affect on:the.throughput rate.

2. Rated performance requires using goodrhigh-frequency cir-
cuit board layout techniques. The analog and digital
grounds are connected internally. Avoid ground-related
problems by connecting the digital and analog grounds to
one point, the ground plane beneath the converter. Due to
the inductance and resistance of the power supply return
paths, return the analog and digital ground separately to the
power supplies.

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

4. Obtain straight binary/offset binary output coding by tying
COMP BIN (pin 18) to +5V dc open. To obtain compiemen-
tary binary or complementary offset binary output coding, tie
pin 18 to ground. The pin 18 signal is compatible with
CMOS/TTL logic levels for those users desiring logic control
of this function.

5. To enable the three-state outputs, connect ENABLE (pin 17)
to a logic "0" (low). To disable, connect pin 17 to a logic "1"
(high).

6. Figure 2 shows the relationship between the various input
signals. The timing shown applies over the operating tem-
perature range and.over the operating power supply range.
These times are guaranteed by design.

ANALOG
INPUT

HERRR

ADS-118

CALIBRATION PROCEDURE

1. Connect the converter per Figure 3 and Figure 4 for the ap-
propriate full-scale range (FSR). Apply a pulse of 45 nano-
seconds 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 analog input and ground. Adjust the output of the
reference source per Table 1 for bipolar zero adjustment
(zero +1/2 LSB).

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000
0000 0001 with COMP BIN (pin 18) tied high (offset binary)
or between 0111 1111 1111 and 0111 1111 1110 with
COMP BIN (pin 18) tied low (complementary offset binary).

3. Full-Scale Adjustment
Set the output of the voltage reference used in step 2 to the

value shown in Table 1 for the bipolar gain adjustment (+FS -

-1 1/2 LSB). 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 be-
tween 0000 0000 0001 and 0000 0000 0000:for COMP BIN
(pin 18) tied low.

4, To confirm proper operation of the device, vary the precision
reference voltage source to obtain the output coding listed
in Table 2.

Table 1. Zero and Gain Adjust, Bipolar Operation

BIPOLAR ZERO ADJUST GAIN ADJUST
FSR 0+1/2LSB | +FS-11/2LSB
+1Vdc +244uV dc +0.99926V dc

1

1

1

START !
CONVERT :
I

1

I

50 nSec max. Acquisition Time
! |~e—  Conversion Time

E—

|=— 20 nSec min.
T

EOC
~® 10 nSec. min., 25 nSec. max. |
[<®— 10 nSec. min.,
_ 25 nSec max
INTERNAL S/ H

-»i |le— 10 nSec. max.

|
i
'

— DXIXIX] patan vaig

outputpatA XD <——— 130 nsec. min.

ENABLE

l Enabled Data N-1 Valid I

@ —»| |<a— 10 nSec. max.
NOTE: A wider start I

convert pulse will
result in slower
conversion rates.

For Immediate Assistance, Dial 1-800-233-2765

10 nSec max —»| |-« Enabled Data N Valid

INVALID N/
DATA M

Figure 2. ADS-118 Timing Diagram
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Table 2. Output Coding for Bipolar Operation

D DAnsL

. OFFSET ADJUST
BIPOLAR INPUT RANGE OUTPUT CODING
SCALE (Volts dc) OFFSET BINARY COMP. OFFSET BINARY TOPIN 19
HV MSB LsB MsB LsB ANALOG,_,f, ADS-118
50Q
+FS -1 LSB +0.99952V 1111 1111 1111 0000 0000 0000 GAIN
+3/4 FS +0.7500V 1110 0000 0000 0001 1111 1111 ADJUST 21K
+1/2 FS +0.5000V 1100 0000 0000 0011 1111 1111
0 0.0000V 1000 0000 0000 o111 1111 1111 . . .
-1/2FS -0.5000V | 0100 0000 0000 1011 1111 1111 Figure 4_8- Optional Bipolar
-3/4 FS -0.7500V 0010 0000 0000 1101 1111 1111 Calibration Circuit
-FS +1 LSB -0.99952V 0000 0000 0001 1111 1111 1110
-FS -1.0000V 0000 0000 0000 1111 1111 1111
+10V REF. n M
OFFSET ADJUST
TOPIN 19
ANALOG_ R "°
+15V ? 15V 5V +5V INPUT o ADS-118
7 GAIN
4.7 uF| 4.7 pF 4.7 yF 4.7 uF ADJUST S 1K
H— *
el ltad 01 0.1 1P Figure 4b. Optional Unipolar
s L S Calibration Circuit
BIT 1 (MSB)
&N:#)G o19 s—:; BIT2
co oy o
18 _| COMP —
+Vde  O——— gN ;; BITS 1‘;
BIT6
comerr O ADS-118 & o7 20
BIT8 30
‘; BIT9 40
BIT 10
2 g1 %
21 1 410V REF 1-’: Ll o
L—l_ + EOC 70
5 17 ENABLE (1-12) 80 |1
0'1”Fl l'”m: ‘.i 1 " P Y S { | Ly
. . . ) 0 05 1.0 1.5 20
Figure 3. Typical ADS-118 Connection Diagram MHz
Figure 5. FFT Analysis of ADS-118
MECHANICAL DIMENSIONS
INCHES (MM)
Méo ,;,)AX ORDERING INFORMATION
0,:
- MODEL OPERATING
T T T__0.150 MIN. NUMBER TEMP. RANGE SEAL
0.010x 0.018 @8
KOVAR Pins ADS-118MC 0°C to +70 °C Hermetic
B T I ADS-118MM -55 °C to +125 °C Hermetic
l‘%&?"' SPABES 13(‘3%%;*)‘« ADS-EVAL2 Evaluation Board (without ADS-118)
Mo’ Receptacle for PC board mounting can be ordered through
o ol AMP Inc., Part # 3-331272-8 (Component Lead Socket),
24 required.
NOTE: Pins have 0.025 Inch £0.01 For availability of MIL-STD-883 versions of the ADS-118,
standoff from case. contact DATEL.
1-16 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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ADVANCED PRODUCT DATA

FEATURES

- 12-Bit resolution

« Internal Sample/Hold amplifier
« 20 MHz minimum throughput
- Samples up to Nyquist

« Functionally Complete

« Small 40-pin DIP

» Low-power, 4.2 Watts

- Three-State output buffers

- High input bandwidth

- Overflow pin

GENERAL DESCRIPTION

DATEL's ADS-120 is a 12-bit, functionally complete, sampling
A/D converter packaged in a small 40-pin DIP. A 20 MHz min-
imum throughput rate in digitizing sinusoidal signals is
achieved while only dissipating 4.2 Watts.

The ADS-120 is offered in the commercial 0 to +70 °C and mil-
itary -55 to +125 °C operating temperature range.

APPLICATIONS

« Spectrum analysis

« Imaging

- Radar

« Medical Instrumentation

+ High-speed Data Acquisition Systems

SH
out

ADS-120

12-Bit, 20 MHz

Sampling A/D Converter

INPUT/OUTPUT CONNECTIONS

PIN | FUNCTION PIN | FUNCTION
1 | +15V 40 | DIGITAL GROUND
2 | -15V 39 | COMP BIN
3 | ANALOG GROUND | 38 | ENABLE
4 | ANALOG -5V 37 | DATA READY
5 | ANALOG +5V 36 | DIGITAL +5V
6 | ANALOG INPUT 35 | START CONVERT
7 | SIHOUT 34 | OVERFLOW
8 | DIGITAL +5V 33 | BIT 1 (MSB)
9 | DIGITALGROUND | 32 | BIT20UT
10 | DIGITAL -5V 31 | BIT3OUT
11 | OFFSET ADJUST 30 | BIT4OUT
12 | ANALOG +5V 29 | BIT50UT
13 | ANALOG GROUND [ 28 | BIT6OUT
14 | ANALOG -5V 27 | DIGITAL GROUND
15 | GAIN ADJUST 26 | BIT70UT
16 | +10V REFERENCE | 25 | BIT 80UT
17 | +15V SUPPLY 24 | BIT9OUT
18 | ANALOG -5V 23 | BIT100UT
19 | ANALOG GROUND | 22 | BIT 11 OUT
20 | ANALOG +5V 21 | BIT 120UT (LSB)

OFFSET

ADJUST  DIGITAL -5V DGND DIGITAL +5V

1 10 | 9.27,40| 8,36 |

ANALOG IN

GAIN 5

ADJUST

OV gt
REF ©

PROPRIETARY

38—
——— ENABLE

21-26,28-34
- 12-Bit Output
- and Overflow

T
——— COMP BIN

37
~t—@ DATA READY

_1 35 smanr
CONVERT

1,17 l 2 I 4,14,18 I 3,13,19 |

+15V -15V ANALOG -5V

For Immediate Assistance, Dial 1-800-233-2765

AGND

512,20 |

ANALOG +5V

21,22
NO CONNECTION



Contact DATEL for up-to-date information on
products covered by "Advanced" and
"Preliminary" product data sheets.

Dial
1-800-233-2765
for
Applications Assistance

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



FEATURES

« 12-Bit resolution

« Internal Sample/Hold amplifier
+ 10 MHz minimum throughput
» Samples up to Nyquist

« Functionally Complete

» Small 40-pin DIP

« Low-power, 3.85 Watts

» Three-State output buffers

« High input bandwidth

» Overfiow pin

» No missing codes

GENERAL DESCRIPTION

DATEL's ADS-130 is a 12-bit, functionally complete, sampling
A/D converter packaged in a small 40-pin DIP. A 10 MHz mini-
mum throughput rate in digitizing sinusoidal signals is achieved
while only dissipating 3.85 Watts.

Sampling

OLLATEL,

BN G A
AL I TR
]

MADE [ L5

INPUT/OUTPUT CONNECTIONS

ADS-130
12-Bit, 10 MHz
A/D Converter

PIN | FUNCTION PIN | FUNCTION
1 |+15v 40 | DIGITAL GROUND
2 |-15V 39 | COMP BIN
3 | ANALOG GROUND | 38 | ENABLE
4 | ANALOG -5V 37 | DATA READY
5 | ANALOG +5V 36 | DIGITAL +5V
6 | ANALOG INPUT 35 | START CONVERT
7 |sHout 34 | OVERFLOW
8 | DIGITAL +5V 33 | BIT 1 (MSB)

9 | DIGITAL GROUND | 32 | BIT20UT

10 | DIGITAL -5V 31 | BIT3ouT

11 | OFFSET ADJUST | 30 | BIT40UT

12 | ANALOG +5V 29 | BIT50UT

13 | ANALOG GROUND | 28 | BIT60UT

14 | ANALOG -5V 27 | DIGITAL GROUND
15 | GAIN ADJUST 26 | BIT70UT

16 | +10V REFERENCE | 25 | BIT 8 OUT

17 | +15V SUPPLY 24 | BIT9OUT

18 | ANALOG -5V 23 | BIT100UT

19 | ANALOG GROUND | 22 | BIT 11 OUT

20 | ANALOG +5V 21 | BIT 120UT (LSB)

SH
out

74

OFFSET

ADJUST DIGITAL -5V

1

D DIGITAL +5V

DGN
9,27, 40J 8,36 I

10|

2nd
\ PASS
DATA ®
6 FIRST SECOND | - ENABLE
ANALOG IN SH STAGE STAGE :> ENABLE
CONVERSION CONVERSION 21.26, 2834
ERROR
CORRECTION 12-Bit Output
> CKT. and Overflow
39
AN 15 15t PASS DATA - COMP BIN
ADJUST -
REFERENCES
-
REF i
16 B DATA READY
TIMING
. 35 START
CONVERT

1,17 I 2 I 4,14,18 I 3,13,19

+15V -15V ANALOG -5V AGND

For Immediate Assistance, Dial 1-800-233-2765

5,12,20 l

ANALOG +5V
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS DYNAMIC PERFORMANCE | MIN TYP MAX |UNITS
+15V Supply (Pin 1,17) Oto+18 Volts dc Convefsiqn Rate
-15V Supply (Pin 2) Oto-18 Volts dc (Changing Inputs),+25 °C 10 - - | MHz
+5V Supply (Pin 5, 8,12,20,36) -0.5t0 +7.0 Volts dc 0 t0+70°C 10 - - | MHz
-5V Supply (Pin 4,10,14,18) +0.51t0-7.0 Volts dc -5510 +125 °C 10 - - | MHz
Total Harm. Distort.(-0.5 dB)
Digital Inputs DC to 500 KHz -68 -70 - FS, -dB
(Pins 35,38,39) -0.3t0+5.5 Volts dc 500 KHz to 2.5 MHz -65 -67 - | Fs,-dB
Analog Input (Pin 6) 15 Volts dc 2.5MHz to 5 Mhz -65 -67 - |Fs,-dB
Lead Temp. (10 Sec.) 300 °C Signal-to-Noise Ratio
(w/o distortion, -0.5 dB)
DC to 500 KHz -67 -70 - | Fs,-dB
500 KHz to 2.5 MHz -65 -69 - |Fs,-aB
FUNCTIONAL SPECIFICATIONS 2.5MHz to 5 Mhz 65 69 - lrs B
Apply over the operating temperature range and at +15V dc Signal-to-Noise Ratio
and +5V dc unless otherwise specified. and Distortion (-0.5 dB)
DC to 500 KHz -65 -66 - FS, -dB
500 KHz to 2.5 MHz -63 -65 - FS, -dB
INPUTS MIN | TYP | MAX | UNITS 25 MHz to 5 Mhz -63 -65 - |Fs,-dB
ANALOG Sp%réoussszeﬁg y?zugi:;a(@nge 69 70 FS, -dB
- + - to Z (-0. - B - , -

:::ﬂ: :ﬁm:nz:"ge Il N M 500 KHz to 2.5 MHz 6 | 67 - |FsiaB

Input Capacitance - 25 10 | pF 2.5 MHz to 5 Mhz 66 67 - FS, -dB

DIGITAL Effective Bits

Logic Level 1" 20 - - v DC t0 500 KHz 106 | 11.0 - |Bis

Logic Level "0" - - 08 | vdc 500 KHz to 2.5 MHz 10.2 105 - | Bits

Logic Loading "1" - - 50 | pA 2.5 MHz to 5 Mhz 10.0 10.2 - | Bits

Logic Loading "0" - _ 200 | pA Two-tone Intermodulation

Distortion ( fin =2.2 MHz,
OUTPUTS 2.3 MHz, Fs = 8 MHz) 72 75 - |a
i i Input Bandwidth

gzmt:t::?ding 2 BI_IS Small Signal (-20 dB input) 50 65 - | MHz
(Pin 39 HI) Offset Binary Full Power (0 dB input) 30 40 - | mHe
(Pin 39 Low) Complementary Offset Binary Slew Rate 175 200 - | ViuSec

Logic Level "1" 24 — - Vo Aperture Delay Tl.me - 5 7 nSec

Logic Level “0" - - 04 | vde Aperture Uncertainty . 5 7 | psec

Logic Loading "1" - _ 160 | pA S/H Acquisition Time

Logic Loading "0" - _ 64 | mA 10 0.01% FS (2.5V step)

Internal VREF, (pin 16) +25°C - 30 50 | nSec
+25°C +99 | +100 | #1041 | Ve 010+70°C - 30 50 | nSec
010470°C 499 | +100 | +01 | Vde S50 +125°C - 50 70 | nSec
5510+125 °C 498 | +100 | +02 | vde Feedthrough Rejection
External Current - - 2 mA 2.5V step 62 66 - |dB

PERFORMANGE Overvoltage Recovery, 2.5V - 50 100 | nSec
POWER REQUIREMENTS

Int. Non-Lin., finz 5.0 MHz
+25°C - - | LsB Power Supply Range
010470 °C _ _ A | Lse +15V dc Supply (Vco) +1425 | +150 | +1575 [Vde
5510 +125 °C _ _ 2 | s -15V dc Supply (Vee) -1425 | -15.0 -15.75 | Vdc

Diff. Non-Lin., fiN = 5.0 MHz +5V dc Supply (Voo) +4.75 +5.0 +5.25 | Vdc
1+25°C _ _ + LSB -5V dc Supppy (Vss) -4.75 -5.0 -5.25 | Vdc
0t0+70 °C - - + | LsB Power Supply Current
-55t0 +125 °C - - 2 | LSB +15V dc Supply - +26 +28 |mA

Full Scale Absolute Accuracy -15V dc Supply - -30 33 |mA
+25 °C (Tech note 1) - 0.2 0.4 | %FSR +5V dc Supply®@ - +347 +372 | mA
010 +70 °C —- 0.4 408 | %FSR -5Vdc Supply - -255 -285 | mA
5510 +125°C - 108 | #.6 | %FSR Power Dissipation - 385 42 | Wwatss

Bipolar Zero Error, Power Supply Rejection - 0.05 0.1 %FSR/%V
+25 °C (Tech note 1) - | #0145 | 302 | %FSR PHYSICAL/ENVIRONMENTAL
Oto+70°C - 0.2 0.4 | %FSR "

5510 +125 °C - 0.4 08 | %FSR Operating Temp. Range (Case)

Bipolar Offset Error, -MC 0 - +70 : c
+25 °C (Tech Note 1) - .15 02 | %FSR MM -55 - +125 | °C
010470 °C - 10.2 04 | %FSR Storage Temperature Range -85 - +150 | °C
-5510 +125 °C - ) 8 | ¢

Gain Error, +25 °C 04 08 | %R Weight 0.56 0z. ( 16 grams) Max.
(Tech Note 1) - 015 | 02 | %FSR Package Type 40-Pin hermetic sealed, ceramic TDIP
Oto+70°C - 0.2 0.4 | %FSR
e - L)

No a?;:a;;%;?es 04 08 | %FSR ® +5V power usage at 1 TTL logic loading per data output bit.
(12 Bits, at fin = 2.5 MHz) @ The same specifications apply to Inband Harmonics.
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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 trimming
potentiometer for gain adjustment with the wiper tied to pin
15 (tie pin 15 to ANALOG GROUND for operation without
adjustments). Use a 20K trimming potentiometer with the
wiper tied to pin 11 for zero/offset adjustment (tie pin 11 to
ANALOG GROUND for operation without adjustment).

. Rated performance requires using good high-frequency cir-

cuit board layout techniques. Avoid ground-related prob-
lems by connecting the digital and analog grounds to one
point, the ground plane beneath the converter.

In most cases, users will use a single +5V supply for both
analog +5V and digital +5V (applicable for the -5V supply
also). Should users have separate supplies the difference
between the analog and digital supply should be within
+100 mV to avoid performance degradation.

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.

. Bypass all the analog and digital power supply pins with a

2.2 pF, 25V tantalum electrolytic capacitor in parallel with a
0.1 uF ceramic capacitor to their respective analog and digi-
tal grounds. Use of chip capacitors is recommended.

Obtain offset binary output coding by tying COMP BIN (pin
39) to +5V dc. To obtain complementary offset binary out-
put coding, tie pin 39 to ground. The pin 39 signal is com-
patible to CMOS/TTL logic levels for those users desiring
logic control of this function.

To obtain three-state outputs, connect the ENABLE pin (pin
38) to a logic "1" (high). Otherwise, connect pin 38 to a logic
"0" (low).

The ADS-130 guarantees it's specified throughput rate over
the temperature range when the START CONVERT pulse
of 10 nS minimum, 90 nS maximum is provided at the speci-
fied rate. Start convert pulses greater than 90 nanoseconds
will result in slower throughput rates.

The ADS-130 is capable of digitizing sinusoidal input fre-
quencies up to the Nyquist frequency. The acquisition time
for pulse or dc level signals is 50 nS maximum over the 0
to +70 °C temperature range. Acquisition time is 70 nSec.
maximum from -55 °C to +125 °C.

. The specifications listed in Figure 2 (timing diagram) apply

over the full operating temperature range uniess otherwise
specified.

. The OVERFLOW pin goes high for signals greater than +full

scale (no overflow flag given for signals greater than -FS).
The OVERFLOW pin is a three-state output and is enabled
by pin 38.

10.The ADS-130 has a one pipeline delay in obtaining output

data. Refer to the Timing Diagram in Figure 3.

11.The ADS-130 goes into the hold mode on the rising edge of

the start convert pulse.

For Immediate Assistance, Dial 1-800-233-2765

CALIBRATION PROCEDURE
1.

ADS-130

Connect the converter per Figure 2.

Apply a pulse of 10 nS typical to the START CONVERT in-
put (pin 35) at a rate of 500 KHz. This rate is chosen to re-
duce flicker if LED's are used on the outputs for calibration
purposes.

2. Zero Adjustments

Apply a precision voltage reference source between the an-
alog input (pin 6) and analog ground. Adjust the output of
the reference source per Table 2 for the bipolar zero adjust-
ment (zero +1/2 LSB). Adjust the potentiometer such that
the code flickers equally between 1000 0000 0000 and
1000 0000 0001 with COMP BIN (pin 39) tied high (offset bi-
nary) or between 0111 1111 1111 and 0111 1111 1110 with
pin 39 tied low (complementary offset binary).

3. Full-Scale Adjustment

ANALOG GND ﬁb—}—cf}

Set the output of the voltage reference used in step 2 to the
value shown in Table 2 for the bipolar gain adjustment
(+FS -1 1/2 LSB). Adjust the gain trimming potentiometer so
that the output code flickers equally between 1111 1111
1110 and 1111 1111 1111 with pin 39 tied high or between
0000 0000 0000 and 0000 0000 0001 with pin 39 tied low.

To confirm proper operation of the device, vary the precision
reference voltage source to obtain the output coding listed
in Table 3.

START CONVERT 35 7 DATA READY
SIH OUT 34 OVERFLOW
ANALOG IN 6 2126 B12

+15 OFFSET | 1 2a-3£ B1 (MSB)
20K S+A00 T 38 ENABLE

15 o

+15 39— COMP BIN
20K 4———%3"‘ 15

15 : ADS-130

y 41418 16 +10V REF
ANALOG -5V ——t——1

313,19
ANALOG +5V — =11 512,20

DIGITAL 5V 11| 10

5 2o Y
DIGITALGND < Cb L Ca 82740 E——Iﬁf S ANALOG GND
DIGITAL +5V 8,36 Ca —-Cb

197 T sV

Ca - is 2.2 pF tantalum
Cb - is 0.1 pF ceramic

Figure 2. Typical ADS-130 Connection Diagram

Table 2. Zero and Gain Adjust

FSR ZERO ADJUST | GAIN ADJUST
0 +1/2LSB +FS-11/2LSB
+1.25Vdc +305 uVdce +1.249085V dc
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ADS-130 e D OVATEL

FiN = 180 KHz FiN = 949 KHz
COUNT H count
26.40 7 l - 34
23.76 S
21.12 T
18.48 o
15.84 G
13.20 : 17
1056 M
7.92
5.28 T
264 E |
0 T et s . e e e o '
0 2047 4005 T 0 2047 4095
CODE s CODE
LSB. D Lss
+1.0 1 +1.0
F I
b Lo 1L i ! | - F | TN T T A I nTREmIm
i T 11
. L
]
i ! N
i‘l!“‘\'u” RERAR iiliis E
;
' [T R LA AL
-0 1 -1.0
0 2047 4095 T 0 2047 4095
CODE Y CODE
dB
0
Gl N 10
F 20
- F 30
- T 40
50
T &0
- - ; E 70 -
S 80 f
-2 - b p l" 4 ‘ T 90 I i; " \%.;1; |
100 i ! | I s 100 '
0 1.0 2.0 3.0 4.0 5.0 [ 1.0 2.0 3.0 4.0 5.0
MHz MHz

NOTE: FcLock = 10 MHz for all presentations

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



D O/AEL o | ADS-130

FiN = 1.89 MHz FiN = 4.85 MHz
COUNT H  comr
395 1 296
S
T
o
G
R
19.75 A 14.8
M-
T
E
0 S e e e s i e i -
T 0 -
0 2047 4095 [} 2047 4095
CODE S CODE
] D %
i 1
: N e F , ]
F
I R Ul Vol N
e II- ,
! N
LR AL E 0
T ' A
g i R
05 2047 4095 ! R 2047 4095
CODE T CODE
Y
dB dB
[} [}
-10 -10
-20 F -20
-30 F -30
-40 T -40
-50 -50
-60 ; -60
-70 s -70
-80 | | 80 | -
9ol J Ho l |y [ ; -90
-100 -100
0 1.0 20 30 40 5.0 0 1.0 2.0 30 40 5.0
MHz MHz

NOTE: FcLock = 10.MHz for all presentations

For Immediate Assistance, Dial 1-800-232-2765 1-23



Table 3. Output Coding for Bipolar Operation

D O/ANEL

BIPOLAR INPUT RANGE OUTPUT CODING
SCALE (Volts dc) OFFSET BINARY COMP OFF. BINARY
+1.25V MSB LSB MSB LSB
+FS -1 LSB +1.24939V 11111111 1111 0000 0000 0000
+3/4 FS +0.9375V 1110 0000 0000 0001 1111 1111
+1/2 FS +0.625V 1100 0000 0000 0011 1111 1111
0 0.0000V 1000 0000 0000 0111 1111 1111
-12FS -0.625V 0100 0000 0000 1011 1111 1111
-3/4 FS -0.9375V 0010 0000 0000 1101 1111 1111
-FS +1LSB -1.24939V 0000 0000 0001 11111111 1110
-FS -1.2500V 0000 0000 0000 11111111 1111

|#—————————— 100 nSec. Min.

10 Min.
o Max nsec.
START N N+1 ﬂ
CONVERT — | |<— 10 nSec. Typical
DATA READY Bfo"fse:e'“‘hz: - r
I<—-—| 30 nSec. Min.
30 nSec. Max. |a——s|
OUTPUT DATA N-2 VALID [invauiD] N-1 VALID [InvaLip [ NvALID
COMP BIN
ENABLE |
| ]
! 1 I
OgI;’:\” INHIBIT™] VALID TRUE [ wHBT>]vALID TRUE ~+ vaup CQMPLEMEN?] VALID TRUE
j—s] f—ni [— | |
25nSec. Max. 15 nSec. Max. 40 nSec. Max. 45 nSec. Max.
NOTE: NOT DRAWN TO SCALE
Figure 3. ADS-130 Output Data Timing
MECHANICAL DIMENSIONS
INCHES (mm)
1.1 Max.
(28,0)
=y
0.150 @) Min.  ———— T 0-190 (4.9) Max ORDERING INFORMATION
0.010 x 0.018 Kovar MODEL OPERATING SEAL
_ NUMBER TEMP. RANGE
— = 20 7 1
T ! Bottom T
20 Spaces | View ADS-130MC 0to +70°C Hermetic
at 0.100 ! 212 ADS-130MM -55t0 +125 °C Hermetic
each (2,5) | | ADS-130 Max.
1 ADS-B130/131 Evaluation Board (without
l i l ADS-130)
1
L LN Receptacle for PC board mounting can be ordered through
Triangle on A 1Q28%0 AMP Inc., Part # 3-331272-8 (Component Lead Socket),
top (22'& <—— 0.100 (2.5) 40 required.
references
Pin 1 oL .
Note: Pins have a 0.025 inch £0.01 For availability of MIL-STD-883B versions, contact DATEL.
standoff from case
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FEATURES

» 12-Bit resolution

« Internal Sample/Hold amplifier
+ 5.0 MHz minimum throughput
« Samples up to Nyquist

« Functionally Complete

- Small 40-pin DIP

- Low-power, 3.65 Watts

- Three-State output buffers

« High input bandwidth

« Overflow pin

» No missing codes

GENERAL DESCRIPTION

DATEL's ADS-131 is a 12-bit, functionally complete, sampling
A/D converter packaged in a small 40-pin DIP. A 5.0 MHz min-
imum throughput rate in digitizing sinusoidal signals is
achieved while only dissipating 3.65 Watts.

B

ADS-131

12-Bit, 5.0 MHz

L
. M{@r By

Sampling A/D Converter

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION PIN | FUNCTION
1 +15V 40 | DIGITAL GROUND
2 | -15vV 39 | COMP BIN
3 | ANALOG GROUND 38 | ENABLE
4 | ANALOG -5V 37 | DATA READY
5 | ANALOG +5V 36 | DIGITAL +5V
6 | ANALOG INPUT 35 | START CONVERT
7 | SIHOUT 34 | OVERFLOW
8 | DIGITAL +5V 33 | BIT 1(MSB)
9 | DIGITAL GROUND 32 [ BIT20UT
10 | DIGITAL -5V 31 | BIT30OUT
11 | OFFSET ADJUST 30 | BIT40OUT
12 | ANALOG +5V 29 | BIT50UT
13 | ANALOG GROUND 28 | BIT6OUT
14 | ANALOG -5V 27 | DIGITAL GROUND
15 | GAIN ADJUST 26 | BIT70UT
16 | +10V REFERENCE 25 | BIT8OUT
17 | +15V SUPPLY 24 | BIT9OUT
18 | ANALOG -5V 23 | BIT100OUT
19 | ANALOG GROUND 22 | BIT110UT
20 | ANALOG +5V 21 | BIT 120UT (LSB)

SH OFFSET
ouT ADJUST DIGITAL -5V DGND DIGITAL +5V
i 1 10 | 9.27,40 | 8,36 |
{' 2nd
PASS

DATA %
6 FIRST SECOND - TS
ANALOG IN SH STAGE STAGE > - ENABLE

CONVERSION | CONVERSION
21-26, 28-34
ERROR
CORRECTION 12-8it Output
> CKT. and Overflow
39
GaN 18 1stPASS DATA -t COMP BIN
ADJUST
REFERENCES
+10V -t
REF 37
1 B DATA READY
TIMING
35 START
CONVERT
1,17 | 2 | 414,18 | 3,13,19 I 5,12,20 I
+15V A5V ANALOG-5V ~ AGND  ANALOG +5V

For Immediate Assistance, Dial 1-800-233-2765
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ADS-131 — —DoAnEL

ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS A/D PERF. CONT. MN | TYP | MAX |uNTS
+15V Supply (Pin 1,17) Oto+18 Volts dc Gain Error, +25 °C
-15V Supply (Pin 2) 0to-18 Volts dc (Tech Note 1) _ 40.15 102 | %FsR
+5V Supply (Pin 5, 8,12,20,36) -0.5t0 +7.0 Volts dc 010 470 °C _ 102 04 | %FSR
-5V Supply (Pin 4,10,14,18) +0.5t0-7.0 Volts dc 5510 +125 °C _ 04 108 | %FSR
Digital Inputs No Missing Codes
(Pins 35,38,39) 0310 455 Volts de (12 Bits, at fin = 2.5 MHz) Over Operating Temperature Range
Analog Input (Pin 6) +5 Volts dc DYNAMIC PERFORMANCE
Lead Temp.(10 Sec.) 300 °C Conversion Rate
(Changing Inputs),+25 °C 5.0 - - MHz
0 to+70 °C 5.0 - - MHz
550 +125 °C 5.0 - - MHz
Total Harm. Distort.(-0.5 dB;
FUNCTIONAL SPECIFICATIONS sy S VR N e
500 KHz to 2.5 MHz 65 67 - FS, -dB
Apply over the operating temperature range and at £15V dc Signal-to-Noise Ratio
and +5V dc unless otherwise specified. (/o distortion, -0.5 dB)
DC to 500 KHz 67 -70 - FS, -dB
500 KHz to 2.5 MHz -65 69 - FS, -dB
INPUTS MIN TYP MAX | UNITS Signal-to-Noise Ratio
and Distortion (-0.5 dB)
Analog DC to 500 KHz -65 -66 - FS, -dB
Input Voltage Range - +1.25 - Vdc 500 KHz to 2.5 MHz -63 -65 - FS,-dB
Input Impedance 50 160 - KOhm Spurious Free Dynamic Range®@
Input Capacitance - 25 10 pF DC to 500 KHz -68 -70 - FS, -dB
Digital 500 KHz t0 2.5 MHz -85 -67 - FS, -dB
Logic Levels Effective Bits
Logic "1" 20 - - Vde DC to 500 KHz 10.6 11.0 - bits
Logic "0" - - 08 | Vdc 500 KHz to 2.5 MHz 10.2 105 - bits
Logic Loading "1" - - 50 | pA Two-tone Intermodulation
Logic Loading "0" - - -200 | pA Distortion ( fin =2.2 MHz,
2.3 MHz, Fs = 5 MHz) 72 -75 - dB
OUTPUTS Input Bandwidth
Resolution Small Signal (-20 dB input) 50 65 - MHz
Output Coding Full Power (0 dB input) 30 40 - MHz
(Pin 39 HI) Slew Rate 75 100 - ViuSec
(Pin 39 Low) Aperture Delay Time - 5 7 nSec
Logic Levels Aperture Uncertainty - | 5 7 psec
Logic "1" 24 - - Vdc S/H Acquisition Time
Logic "0" - - 04 | Vde 10 0.01% FS (2.5V step)
Logic Loading "1" - - 160 | pA +25°C - 50 70 | nSec
Logic Loading "0" - - 64 | mA 010 +70 °C - 50 70 nSec
Internal Reference -55t0 +125 °C - 70 100 | nSec
Voltage, (pin 16) Feedthrough Rejection
+25°C 499 | +100 | +104 | Vdc 2.5V step -62 -66 - | dB
0t0+70°C +9.9 +10.0 +10.1 | Vde Overvoltage Recovery, 2.5 V - 100 200 | nSec
5510 +125 °C +9.8 +10.0 +10.2 | Vde
External Current - - 2 mA ZOWE:u RTQR:IREMENTS
ower Supply Range
PERFORMANCE +15V de Supply (Veo) +1425 | +150 | 41575 | vde
Int. Non-Lin,, fin= 2.5MHz -15V dc Supply (Vee) -14.25 -15.0 -15.75 | Vde
+25°C - - + LSB +5V dc Supply (Voo) +4.75 +5.0 +5.25 | Vdc
0to+70°C - - + LSB -5V dc Supppy (Vss) -4.75 5.0 525 | Vde
550 +125 °C. - - 12 | LSB Power Supply Current
Diff. Non-Lin.,fin = 2.5MHz +15V dc Supply - +25 +28 | mA
+25°C - - + LSB -15V dc Supply - -30 -33 mA
0to+70°C - - + LSB +5V dc Supply® - 310 342 | mA
5510 +125 °C - - £ | LsB -5V dc Supply - -250 275 | mA
Full Scale Absolute Accuracy Power Dissipation - 3.65 4.00 | Watts
+25 °C (Tech note 1) - 0.2 0.4 | %FSR Power Supply Rejection - 0.05 0.1 | %FSR/%V
010 +70 °C - 0.4 +0.8 | %FSR
55104125 °C _ 308 16 | %FsR PHYSICAL/ENVIRONMENTAL
Bipolar Zero Error, Operating Temp. Range
+25 °C (Tech note 1) - #0.15 0.2 | %FSR -MC 0 - +70 °C
010 +70 °C - 0.2 0.4 | %FSR -MM -55 - +125 | °C
-55t0 +125 °C - 0.4 0.8 | %FSR Storage Temperature Range 65 - +150 | °C
Bipolar Offset Error, Weight 0.56 0z. (16 grams) Max.
+25°C (Tech Note 1) - 015 | 202 | %FSA Package Type 40-Pin hermetic sealed, ceramic TDIP
0t0+70 °C - 0.2 +0.4 | %FSR
550 +125 °C - 0.4 0.8 | %FSR @ +5V power usage at 1 TTL logic loading per data output bit.
@ The same specifications apply to Inband Harmonics.
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D O/ANEL

TECHNICAL NOTES

ADS-131

CALIBRATION PROCEDURE

1. Use external potentiometers to remove system errors or to 1. Connect the converter per Figure 2.

reduce the small initial errors to zero. Use a 20K trimming
potentiometer for gain adjustment with the wiper tied to pin
15 (tie pin 15 to ANALOG GROUND for operation without
adjustments). Use a 20K trimming potentiometer with the
wiper tied to pin 11 for zero/offset adjustment (tie pin 11 to

Apply a pulse of 10 nS typical to the START CONVERT in-
put (pin 35) at a rate of 500 KHz. This rate is chosen to re-
duce flicker if LED's are used on the outputs for calibration
purposes.

ANALOG GROUND for operation without adjustment). 2. Zero Adjustments
Apply a precision voltage reference source between the an-
2. Rated performance requires using good high-frequency cir- alog input (pin 6) and analog ground. Adjust the output of
cuit board layout techniques. Avoid ground-related prob- the reference source per Table 2 for the bipolar zero adjust-
lems by connecting the digital and analog grounds to one ment (zero +1/2 LSB). Adjust the potentiometer such that
point, the ground plane beneath the converter. the code flickers equally between 1000 0000 0000 and
1000 0000 0001 with COMP BIN (pin 39 tied high (offset bi-
In most cases, users will use a single +5V supply for both nary) or between 0111 1111 1111 and 0111 1111 1110 with
analog +5V and digital +5V (applicable for the -5V supply pin 39 tied low (complementary offset binary).
also). Should users have separate supplies the difference
between the analog and digital supply should be within 3. Full-Scale Adjustment

+100 mV to avoid performance degradation.

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.

. Bypass all the analog and digital power supply pins with a

2.2 uF, 25V tantalum electrolytic capacitor in parallel with a
0.1 pF ceramic capacitor to their respective analog and digi-
tal grounds. Use of chip capacitors is recommended.

. Obtain offset binary output coding by tying COMP BIFN (pin

39) to +5V dc. To obtain complementary offset binary out-

Set the output of the voltage reference used in step 2 to the
value shown in Table 2 for the bipolar gain adjustment
(+FS -1 1/2 LSB). Adjust the gain trimming potentiometer so
that the output code flickers equally between 1111 1111
1110 and 1111 1111 1111 with COMP BIN (pin 39) tied
high or between 0000 0000 0000 and 0000 0000 0001 with
pin 39 tied low.

To confirm proper operation of the device, vary the precision
reference voltage source to obtain the output coding listed
in Table 3.

put coding, tie pin 39 to ground. The pin 39 signal is com- START CONVERT 35 37 DATA READY
patible to CMOS/TTL logic levels for those users desiring SHOUT—m 7 34 OVERFLOW
logic control of this function. ANALOGIN 6 226 B12
5. To obtain three-state outputs, connect ENABLE (pin 38) to a e E oeeser |, o —
logic "1" (high). Otherwise, connect pin 38 to a logic "0" % ENABLE
(low). +15 39 COMP BIN
20K GAIN «CAN_ |,
6. The ADS-131 guarantees it's specified throughput rate over ADS-131
the temperature range when the START CONVERT pulse ANALOG 5V e e a LA 16 +10V REF
of 10 nS minimum, 190 nS maximum is provided at the ANALOG GND ﬁﬁ‘—}m“’
specified rate. Start convert pulses greater than 190 nano- ANALOG 46V ————=1-15,12,20
seconds will result in slower throughput rates. DIGITAL -5V 42110
o740 21V
7. The ADS-131 is capable of digitizing sinusoidal input fre- e T Tl 06 T NALOGGND
quencies up to the Nyquist frequency. The acquisition time ) ga Y
for pulse or dc level signals is 70 nS maximum over the 0 Foahbutntuloig i

to +70 °C temperature range. Acquisition time is 100 nSec.
maximum from -55 °C to +125 °C.

. The specifications listed in Figure 3 (timing diagram) apply

over the full operating temperature range unless otherwise
specified.

. The OVERFLOW pin goes high for signals greater than +full

scale (no overflow flag given for signals greater than -FS).

Figure 2. Typical ADS-131 Connection Diagram

Table 2. Zero and Gain Adjust

The OVERFLOW pin is a three-state output and is enabled

by the ENABLE line (pin 38). FSR R e | SN A ey
10.The ADS-131 has a one pipeline delay in obtaining output

data. Refer to the Timing Diagram in Figure 3. +1.25Vde +305 uV de +1.249085V dc

11.ADS-131 goes into thé+old mode on the nsmg edge of the

start convert pulse.

For Immediate Assistance, Dial 1-800-233-2765
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Fin = 85 KHz FIN =495 KHz
H
COUNT 1 COUNT
26.40 34
2376 S
2112 T
18.48 o
15.84 G
13.20 R 17
1056 A
7.92 M
528
264 T a
] E ANt i
S 0 L
0 2047 ws g 0 2047 4095
CODE CODE
S
LsB D LSB
+0.8 1 +09
I l | F s
[T D I L ! | RN
F
L
1
N
T L E 1
1 R
R
085 2047 4095 1 09, 2047 4095
CODE
T CODE
Y
dB dB
0 [}
-10 F
-20 F -20
-30 T -30
-40 -40
-50 -50
-60 -60
-70 ' ; 70
-80 1‘ -80 {
90 i ' ! 4 S 80 ! 4
-100 T .0
0 5 1 15 2 25 s 0 5 1 15 2 25
MHz MHz

NOTE: FCLOCK =5 MHz for all presentations
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Fin= 985 KHz

FIN = 2.45 MHz

ADS-131

H
COUNT |  COunT
395 s 206
T
o
G
R
19.75 A 148
M
T
E
0 S 0
0 2047 4095 T 0 2047 4095
CODE s CODE
LsB D s
0.75 I o9
, ul F
y ] ]l F 1y
| [ il l. | | I il )
L
1 .
N
E
A A i
A i
Ratih 2047 4095 [ 0 2047 4095
CODE T CODE
Y
dB dB
0 0
-10 10
-20 F =2
-30 F -30
-40 T
-50 -50
: T
-80 ! Il E -80
90 ) ] S 20
-100 T
0 5 1 15 2 25 S 0 15 25
MHz MHz
NOTE: FCLOCK =5 MHz for all presentations
For Immediate Assistance, Dial 1-800-233-2765 1-29



ADS-131 DO

Table 3. Output Coding for Bipolar Operation

.| BIPOLAR INPUT RANGE OUTPUT CODING
‘SCALE (Volts dc) OFFSET BINARY | COMP OFF. BINARY
+1.25V MSB LSB MSB LSB
+FS -1LSB +1.24939V 11111111 1111 . 0000 0000 0000
+3/4 FS +0.9375V 1110 0000 0000 .0001 1111 1111
+1/2 FS +0.625V 1100 0000 0000 0011 1111 1111
0 0.0000V 1000 0000 0000 0111 1111 1111
-1/2 FS -0.625V 0100 0000 0000 1011 1111 1111
-3/4 FS -0.9375V 0010 0000 0000 1101 1111 1111
-FS +1 LSB -1.24939V 0000 0000 0001 1111 11111110
-FS -1.2500V 0000 0000 0000 11111111 1111
je— — —  200nSec. Min. |
10 Min.
g0 Max. nsec.
START N Nt F ]
CONVERT — | |=— 10 nSec. Typical
100 nSec. Max.
DATA READY -— 12 .y X e f -
|<-—>| 30 nSec. Min.
30 nSec. Max. ja—s
OUTPUT DATA N-2 VALID [InvALD] N-1 VALID [ iInvALID | NvALID
COMP BIN -
ENABLE |
| |
| ! | |
1 1 .
OgI;‘\JT INHIBIT =] VALID TRUE | INHIBIT ] VALID TRUE ] VALID COMPLEMENT] VALID TRUE
T
(DR — — —
25nSec. Max. 15 nSec. Max. 40 nSec. Max. 45 nSec. Max. NOTE: NOT DRAWN TO SCALE
Figure 3. ADS-131 Output Data Timing
MECHANICAL DIMENSIONS ORDERING INFORMATION
INCHES (mm)
MODEL OPERATING SEAL
o 1.1 Max. NUMBER TEMP. RANGE
o) ‘ | (280) |
0150 @EMn ] oM ADS-131MC 010 +70 °C Hermetic
? AN } ADS-131MM -55 to +125 °C Hermetic
0.010 x 0.018 Kovar
el IEEEEH . Part Number Description
T E Bottom
20 Spaces | | V" TP20K Trimming Potentiometer
at0.100 |} 212 - (2 required)
each (2,5) | | ADS-131 | | Max.
1 .
H ADS-B130/131 Evaluation Board (without
| ADS-131)
HE wl]| VvV
Trangieon A =220, Receptacle for PC board mounting can be ordered through
10p @28 | |<— 010025 AMP Inc., Part # 3-331272-8 (Component Lead Socket),
references 40 required.
Note: Pins have a 0.025 inch 10.01 - For availability of MIL-STD-883B versions, contact DATEL.
standoff from case

1-30 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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ADS-132

12-Bit, 2.0 MHz, Low-Power
Sampling A/D Converter

FEATURES

- 12-Bit resolution

« Internal Sample/Hold

+ 2.0 MHz minimum throughput
» Functionally complete

« Small 32-pin DIP

- Low-power, 2.9 Watts

- Three-state output buffers

- Samples up to Nyquist

« No -5V supply required

INPUT/OUTPUT CONNECTIONS

GENERAL DESCRIPTION PIN FUNCTION PIN | FUNCTION
1 +10V REF. OUT 17 | DO NOT CONNECT
DATEL's ADS-132 is a 12-bit, functionally complete, sampling 2 | RANGE 18 | EOC
A/D converter:that is packaged in a small 32-pin ceramic DIP. 3 | INPUT HIGH 19 | BIT 12 OUT (LSB)
The ADS-132 digitizes sinusoidal signals at a 2.0 MHz mini- 4 | INPUT LOW 20 | BIT110UT
mum throughput rate while dissipating only 2.9 Watts. g 852%%{ S‘ZJUST g; S:‘Tr ; 00 %{JrT
7 | COMP.BIN 23 | BIT8 OUT
8 | S/THOUT 24 | BIT70UT
9 | BIPOLAR 25 | BIT6 OUT
10 | ENABLE (1-12) 26 | BITS50UT
11 | +5 27 | BIT40UT
12 | DIGITAL GROUND 28 | BIT3OUT
13 | +15V 29 | BIT20UT
14 | -15v 30 | BIT 10UT (MSB)
15 | DO NOT CONNECT 31 START CONVERT
16 | ANALOG GROUND 32 | GAIN ADJUST
+5V +15V -15V OVERFLOW
" [ IZI 14 6
GAIN ADJUST 32
+10V REF 1 (I REF
BIPOLAR ) A
m ENABLE
3 > %_ : |
wneuTHgH 3 | - y 3STATE  l_100 g7 4 (M)
SRS Wl BT Er it Il e KA
VW VWA ADC 3 1_—~I/ :Z::;i
siHour -2 H 2 ars
e L7 E%ﬁ ae
: tﬁﬁ{lg
N G
AMP ;L'*Bg* /1 é :_\/ DIGITAL [:ﬁ:g :?
OFFSET 5 —@-’ ADC I /CORRECTION BIT 12 (LSB)
ADJUST CIRCUIT H Logic
TOMPBIN —— g y
N oo iR
== = TII:ING
DO NOT CONNECT L
INPUT LOW 4 6
15 12 16
] l DIGITAL J, ANALOG

DO NOT CONNECT ~ GROUND ‘GROUND

For Immediate Assistance, Dial 1-800-233-2765
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ADS-132

ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS
+15V Supply (Pin 13) Oto+18 Volts dc
-15V Supply (Pin 14) Oto-18 Volts dc
+5V Supply (Pin 11) -0.5t0 +7.0 Volts dc

Digital Inputs
(Pins 7, 10, 31) -0.3t0 +6.0 Volts dc
Analog Input (Pin 3) -15t0 +15 Volts dc
Lead Temp. (10 Sec.) 300 max °C

FUNCTIONAL SPECIFICATIONS
Apply over the operating temperature-range and at 15V dc
and +5V dc unless otherwise specified.

ANALOG INPUTS MIN. TYP. MAX. UNITS
Input Voltage Range
ADS-132 - 0to-5 - Volts dc
(See Table 1also) - 0to-10 - Volts dc
- 0to-20 - Volts dc
- Oto+10 - Volts dc
5 - Volts de
- +10 - Volts dc
Input Impedance
Input Ranges:
(0t0-10, -20,
+10,£10) 800 1,000 - Ohms
(0to -5, +5V) 400 500 - Ohms
Input Capacitance - 2 - pf
DIGITAL INPUTS
Logic Levels
Logic "1" 20 - - Volts dc
Logic "0" - - 08 Volts der
Logic Loading "1" - - 5.0 pA
Logic.Loading "0" - - -200 HA
PERFORMANCE.
Integral Non-Linearity
@FIN=1MHz
+25°C - - +3/4 LSB
0°Cto+70°C - - +3/4 LSB
-55°C to +125°C - - +15 LSB
Differential Non-Linearity
@FIN=1MHz
+25°C - +3/4 LSB
0°Cto+70°C - - +3/4 LSB
-55°C to +125 °C - *1.5 LSB
Full Scale Absolute
Accuracy (See Tech Note 1)
+25°C. 0.1 +0.25 %FSR
0°Cto+70°C +0.13 +0.32 %FSR
-55°Cto +125 °C - +0.2 0.5 %FSR
Unipolar Zero Error
+25°C (See Tech Note 1) 10.05 +0.13 %FSR
0°Cto+70°C - 0.1 +0.25 %FSR
55°C 0 +125°C +0.18 +0.37 %FSR
Bipolar Zero Error
+25°C (See Tech Note 1) - +0.05 +0.13 %FSR
0°Cto+70 °C +0.1 +0.25 %FSR
-55°C to +125 °C +0.18 +0.37 %FSR
Bipolar Offset Error,
+25 °C (See Tech Note 1) - +0.1 0.2 %FSR
Bipolar Offset Tempco +7 +35 ppm/ °C
Gain Error, +25 °C - +0.08 +0.17 %FSR
(See Tech Note 1)
Gain Tempco - +17 +35 ppm/ °C
No Missing Codes
(12 Bits) Over the Operating Temp. Range.
1-32

OUTPUTS mN. | Tve. | max. | unms
Resolution 12 Bits
Output Coding Straight binary/offset binary
Complementary binary/Ci ntary
offset binary
Logic Levels
Logic "1" 24 - - Volts de
Logic "0" - - 04 Volts dc
Logic Loading "1" - - -160 pA
Logic Loading "0" - - 48 mA
Internal Reference
Voltage, +25 °C +9.98 +10.0 +10.02 Volts dc
Drift - 5 +30 ppm/ °C
External Current - - 2 mA
DYNAMIC PERFORMANCE
Conversion Rate, 12-Bits 2 - - MHz
Total Harm. Distort. (-0.5 dB)
DC to 100 KHz -72 -80 - FS,-dB
100 KHz to 500 KHz -70 75 - FS,-dB
500 KHz to 1 MHz 67 - - FS,-dB
Signal to Noise Ratio
(w/o distort., -0.5 dB)
DC to 100 KHz -70 72 - FS,-dB
100 KHz to 500 KHz -68 -70 - FS, -dB
500 KHz to 1 MHz -66 68 - FS, -dB
Signal-to-Noise Ratio
(with distort,, -0.5 dB)
DC to 100.KHz 68 -70 - FS, -dB
100 KHz to 500 KHz -66 -68 - FS,-dB
500 KHz to 1 MHz -65 -67 - FS, -dB
Effective Bits, -0.5 dB
DC to 100 KHz 1.0 11.25 - Bits
100 KHz to 500 KHz 10.7 1.1 - Bits
500 KHz to 1 MHz 104 1.0 - Bits
Two-Tone Intermodulation
Distort. (fin = 490.KHz,
480 KHz, Fs = 2 MHz, -0.5 dB -67 -70 - FS,-dB
Input Bandwidth
Small Signal (-20 dB input) 16 - - MHz
Full Power (0-dB input) 8 - - MHz
Slew Rate - 300 - V/uSec.
Aperture Delay Time - 6 - nSec.
Aperture Uncertainty - 5 40 pSec.
Feedthrough Rejection - -74 - dB
S/H Acquisition Time
10 0.01%FS (10V step) - 160 180 nSec.
S/H Acquisition Time
10 0.1% FS (10V step) - 100 150 nSec.
POWER REQUIREMENTS
Power Supply Range
+15V dc Supply +14.25 | +15.0 | +15.75| Voltsdc
-15V dc Supply -1425 | -15.0 | -15.75 | Voltsdc
+5V dc Supply +4.75 +5.0 +5.25 | Volts dc
Power Supply Current
+15V dc Supply - +75 +82 mA
-15V dc Supply - -60 -68 mA
+5V dc Supply @ - +155 +200 mA
Power Dissipation - 29 3.2 Watts
Power Supply Rejection - - 0.01 %FSR/%V
PHYSICAL/ENVIRONMENTAL
Operating Temp. Range, Case
-MC 0 - +70 °C
-MM -55 - +125 °C
Storage Temperature
Range -65 = _+150 °C
Package Type 32-pin hermetic sealed, ceramic DIP
Weight 0.42 ounces (12 grams)

@ +5V power usage at 1 TTL logic loading per data output bit.
Specifications subject to change without notice.

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



TECHNICAL NOTES

1.

Use external potentiometers to remove system errors or the
small initial errors to zero. Use a 20K trimming potentiome-
ter for gain adjustment with the wiper tied to pin 32 (ground
pin 32 for operation without adjustments). Use a 20K trim-
ming potentiometer with the wiper tied to pin 5 for zero/
offset adjustment (leave pin 5 open for operation without ad-
justment). See Figure 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 anc analog grounds to
one point, the ground plane beneath the converter. Due to
the inductance and resistance of the power supply return
paths, return the analog and digital ground separately to the
power supplies.

. Bypass the analog and digital supplies and the +10V refer-

ence (pin 1) to ground with a 4.7 uF, 25V tantalum electro-
lytic capacitor in parallel with a 0.1 pF ceramic capacitor.
Bypass the +10V reference (pin 1) to analog ground (pin
16).

. To enable the three-state outputs, connect ENABLE (pin 10)

to a logic "0" (low). To disable, connect ENABLE (pin 10) to
a logic "1" (high).

. The ADS-132 is in the sample mode when the internal S/H

CONTROL pin is high (S/H is in the high-state on power-
up). The START CONVERT pulse should be given at a
time delay equal to the desired acquisition time minus the
10 nanosecond delay from START CONVERT high to S/H
CONTROL low. This assures the sample-hold has the mini-
mum required acquisition time for the particular application
mode.

. Upon going into the hold mode there will be a 85 nanosec-

ond maximum delay before EOC goes high and the A/D
conversion begins. This consists for the remaining 50 nano-
seconds of the START CONVERT (10 nanoseconds is part
of the acquisition time) and a 20 nanosecond maximum de-
lay from START CONVERT low to EOC high. The hold
mode settling time requirement is met during this time.

. Figure 2 shows the relationship between the various input

signals. The timing shown applies over the operating tem-
perature range and over the operating power supply range.
These times are guaranteed by design.

CALIBRATION PROCEDURE

1

. Connect the converter per Figure 3, and Tables 1 and 4 for

the appropriate full-scale range (FSR). Apply a pulse of 60
nanoseconds minimum to the START CONVERT input (pin
31) at a rate of 500 KHz. This rate is chosen to reduce flick-
er if LED's are used on the outputs for calibration purposes.

. Zero Adjustments

Apply a precision voltage reference source between the am-
plifier's analog input and ground. Adjust the output of the
reference source per Table 2. For unipolar, adjust the zero
trimming potentiometer so that the output code flickers
equally between 0000 0000 0000 and 0000 0000 0001
(straight binary) or between 1111 1111 1111 and 1111 1111
1110 (complementary binary).

For Immediate Assistance, Dial 1-800-233-2765

ADS-132
For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000

0000 0001 (offset binary) or between 0111 1111 1111 and
0111 1111 1110 (complementary offset binary).

. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 2. Adjust the gain trimming potentio-
meter so that the output code flickers equally between 1111
1111 1110 and 1111 1111 1111 (offset binary) or between
0000 0000 0001 and 0000 0000 0000 (complementary off-
set binary).

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

reference voltage source to obtain the output coding listed
inTable 3.

Table 1. ADS-132 Input Range Selection

INPUT RANGE INPUT PIN TIE TOGETHER

0to -5V dc Pin 3 Pin81to Pin 9, Pin2to Pin 3

0to-10V dc Pin 3 Pin8to Pin9

0to +10Vdc Pin 3 Pin 8 to Pin 9, Pin 2 to
EXT.-10V Reference *

0to -20V dc Pin 3 Pin1toPins2&9

+5V dc Pin 3 Pin 1 to Pin 9, Pin 2 to Pin 3

+10V dc Pin 3 Pin1to Pin9

* EXT -10V REF may be referenced to pin 1, EXT +10V REF

Table 2. Zero and Gain Adjust

FSR ZERO ADJUST GAIN ADJUST
+1/2LSB +FS-11/2LSB
0to -5V dc -0.61 mvV -4.9982V dc
0to-10Vdc -1.22 mV -9.9963V dc
Oto+10Vdc +1.22 mV +9.9963V dc
0 to -20V dc -2.44 mV -19.9927V dc
+5V dc +1.22mV dc +4.9963V dc
+10V dc +2.44 mV dc +9.9927V dc
N —+|_|<—so nSec, + 25 nSec

START
CONVERT

INTERNAL S/ A

| |

p— 10 nSec min
EOC 20 nSec max
|25 nSec max —| 75 nSec min

~=—— 350 nSec min ——] ——1 L—asnSecmax

OUTPUT DATA

Data N-1 Valid

XXX oatan vaiia

Enabled

DataN
—_— 30 nSec max e Valid
ENABLE DATA

NOTE: Retriggering the START CONVERT

before EOC goes low will not begin

a new conversion.

3 INVALID
NOTE: NOT DRAWN TOSCALE  "parp &

Figure 2. ADS-132 Timing Diagram
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MSB B
1111111 1111
1110 0000 0000
1100 0000 0000
1000 0000 0000
0100 0000 0000
0010 0000 0000
0000 0000 0001

Table 3. Output Coding

STRAIGHT BIN.

OUTPUT CODING
MSB

COMP. BINARY

LSB dc

UNIPOLAR INPUT RANGES, V dc
| SCALE Oto+10V | Oto-5V | Oto-10V | Oto -20V
+FS-1LSB | +9.9976V | -4.998V | -9.9976V [-19.9951V
7/8 FS +8.7500V | -4.375V | -8.750V | -17.500V
3/4 FS +7.5000V | -3.750V | -7.500V | -15.00V
1/2 FS +5.0000V | -2.500V { -5.000V | -10.00V
1/4 FS +2.5000V | -1.250V | -2.500V | -5.000V
1/8 FS +1.2500V | -0.625V | -1.250V | -2.500V
1LSB +0.0024V | -0.0012V | -0.0024V | -0.0049V
0 0.0000V | o0.0000V 0.000V 0.000V
15V BV 45V
o o
47uF| 470F 474
- 4 *
0.1uF|014F 0.1pF
13 "15 "ll 1" 12]
+15V +15V  ANA. -15V 45V DIG.
GND GND
32 1an
ADJUST IN
ADS-132 10 ENABLE (1-12)
o 30 BT 1 OUT (MSB)
+10V REF, OUT BIT20UT
BIT30UT
2 1 BIPOLAR INPUT 21 g4 0UT
0.1 47 _ BIT5OUT
nFI uFl 8 | sHour %ggsgﬁ:
7
—3 | ANA.INPUTHI BIT8OUT
22 girgout
2_lraNGEIN 21 gir 10 0UT
. BT 200 158
g M et g
45V 7 | comPein .
—IL 31 ] S1ART CONVERT IN "OVERFLOW
ZERO/ OFFSET
ADJUST IN

Jm
+15V -15v

20K

Figure 3. Typical ADS-132 Connection Diagram,
+10V dc

MECHANICAL DIMENSIONS
INCHES (MM)

1.101 MAX.
T (@80) ‘1

0.010x0.018
KOVAR Pins

1.712 MAX.
(43,5)

15
SPACES
At0.100
2.5)

L

1-34

NOTE: Pins have 0.025 Inch $0.01
standoff from case.

OFF

0000 0000 0000

0000 000
0001 111
0011 111
0111 111
1011 111
1101 111
1111111
1111111

+4.9976V
+8.7500V
-2.5000V
0.0000V
-2.5000V
-3.7500V
-4.9976V
-5.0000V

0 0000
11111
11111
11111
11111
11111
11110
11111

+9.9951V
+7.5000V
+5.0000V
0.0000V
-5.0000V
-7.5000V
-9.9951V
-10.000V

BINARY ~ COMP. OFF. BIN

BIPOLAR

SCALE
+FS -1 LSB
+3/4 FS
+1/2FS
0
-1/2 FS
-3/4 FS
-FS +1LSB
-FS

Table 4. COMP BIN (Pin 7) Connection

INPUT COMPLEMENTARY
RANGE BINARY I BINARY
Pin 7 logic state*
0to +10V Low High
0to -5V High Low
0to-10V High Low
0 to -20V High Low
5V Low High
+10V Low High
* For logic state low connect to +5V. For logic state high leave
open.
dB
]
-10
20— FFT Analysis of ADS-132
-30
-40
-50
-60
-70
80 I : i by
80
-100
] 100 200 300 400 500 600 700 800 900 1000
KHz
ORDERING INFORMATION
MODEL OPERATING
NUMBER TEMP. RANGE SEAL
ADS-132MC 0°Cto +70 °C Hermetic
ADS-132MM -55 °C to +125 °C Hermetic

required.

ADS-EVALA1

Receptacle for PC board mounting can be ordered through
AMP Inc., Part #3-331272-8 (Component Lead Socket), 24

Evaluation Board (without ADS-132)
For availability of MIL-STD-883 versions, contact DATEL.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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ADS-193

12-Bit, 1.0 MHz, Low-Power
Sampling A/D Converter

FEATURES

- 12-Bit resolution

« Internal Sample/Hold
+ 1.0 MHz minimum throughput

« Functionally complete
« Low-power, 1.3 Watts
- Samples to Nyquist

GENERAL DESCRIPTION

DATEL's ADS-193 is a 12-bit, functionally complete, sampling
A/D converter that is packaged in a 40-pin ceramic DIP. A
minimum throughput rate of 1.0 MHz is achieved while only
dissipating 1.3 Watts. The ADS-193 digitizes signals up to Ny-

quist.

Typical applications include spectrum, transient, vibration and
waveform analysis. This device is also ideally suited for radar,
sonar, video digitization, medical instrumentation and high-
speed data acquisition systems. For information on high relia-
bility screening, contact DATEL.

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION PIN_ | FUNCTION

1 | +5v 40 | DIGITAL GROUND
2 | +10 V REFERENCE 39 | BIT10UT (MSB)
3 | DIGITAL GROUND 38 | BIT20UT

4 | DIGITAL GROUND 37 | BiTaout

5 | -15v 36 | BIT4OUT

6 | ANALOG INPUT 35 | BIT50UT

7 | DONOT CONNECT 34 | BITEOUT

8 | GAIN OFFSET ADJ. 33 | 45V

9 | ANALOG GROUND 32 | UNIPOLAR OFFSET
10 | ANALOG GROUND 31 | +10v REFERENCE
11 | ANALOG GROUND 30 | +15v

12 | ANALOG GROUND 29 | BIT70UT

13 | ANALOG GROUND 28 | NO CONNECTION
14 | ANALOG GROUND 27 | NO CONNECTION
15 | ANALOG GROUND 26 | BIT8OUT

16 | ANALOG GROUND 25 [ BIT9OUT

17 | 45V 24 | BIT100UT

18 | DIGITAL GROUND 23 | BIT110UT

19 [-5v 22 | BIT 12 OUT (LSB)
20 | START CONVERT 21 | EOC

DAC

+10V REF 231/

l |
= -
E -
FLASH G
ADC 7 .
S |
T i
GAIN & o E | DIGITAL
OFFSET ADJ. 8] R CORRECTION [~
UNIPOLAR OFFSET_32 I Logic =
ANALOG e R —
_6] WA~ E
INPUT " £ .
- L
s
LOGIC T I
START — |coNTROL E —
conv.% AND R
TIMING | y t 4
EOC_21[——
13317 Tsasa0 T30 LoTHRouGH 15 1519
+5V DIG. GND. +15V 15V

For Immediate Assistance, Dial 1-800-233-2765

ANA GND.

3
38
37
36

©

3B LEY

25
24
23

BIT 1 (MSB)
BIT 2
BIT3
BIT4
BIT5
BIT6
BIT7
BIT8
BITY
BIT 10
BIT 11

BIT 12 (LSB)
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS ANALOG INPUTS mn, | e, | max | owms
+15V Supply (Pin 30) Oto +18 Volts dc Resolution 12 Bits
-15V Supply (Pin 5,19) 0to-18 Volts dc Output Coding
+5V Supply (Pin 1,33) -0.5t0+7.0 Volts dc Complementary binary
Complementary offset binary
I?Ii"‘g'ital"’ltrl‘)':’ms 0.3 to +6.0 Volts d PERFORMANCE
ins -0.3 to +6. olts dc -
1. - - M
Analog Input (Pin 6) -15to +15 Volts dc m:;s::r:g‘r;cs (-0.5dB) 0 He
Lead Temp. (10 Sec.) 300 max °C DC to 100 KHz -76 81 - FS-dB
100 KHz to 500 KHz -70 -75 - FS-dB
Total Harm. Distort. (-0.5dB)
DC to 100 KHz -75 -78 - FS-dB
100 KHz to 500 KHz -68 -73 - FS-dB
Signal-to-Noise Ratio
FUNCTIONAL SPECIFICATIONS (wlo distortion, -0.5dB)
Apply over the operating temperature range and at +15V dc DC t0 100 KHz -68 -72 - FS-dB
and +5V dc unless otherwise specified.. 100 KHz to 500 KHz -67 -7 - FS-d8

Signal-to-Noise Ratio
& distortion, -0.5dB

DC to 100 KHz -66 -70 - FS-dB
ANALOG INPUTS MIN. TYP. MAX. UNITS 100 KHz o 500 KHz 86 70 - FS-dB
- R - Effective Bits, -0.5dB
Input Voltage Range S I o I Bl DC 10 100 KHz 1mo | 1 | - Bits
Input Impedance 950 1,000 | 1,080 Ohms 100 KHz to 500 KHz 106 1.0 - Bits
Input Capacitance - 6 15 pf Two-Tone Intermodulation
Distortion (fIN=75, 105 KHz
DIGITAL INPUTS Fs=1 MHz, -7dB -80 -88 - FS-dB
Logic Levels Two-Tone Intermodulation
Logic "1" 20 - - Volts dc Dist. (fIN=480 KHz, 490
Logic "0" - - 08 Volts dc KHz, Fs=1 MHz, (-0.5dB) 65 -68 - FS-dB
Logic Loading "1" - - 50 pA Input Bandwidth
Logic Loading "0" - - -200 pA Small Signal (-20dB) 75 10 - MHz
Full Power (0dB) 5 8 - MHz
A/D PERFORMANCE Slew Rate - 150 - ViSec.
No Missing Codes Aperture Delay Time - - 20 nSec.
(12 Bits; fin=500 KHz) Over the Operating Temp. Range. Effect. Aperture Delay Time - - 16 nSec.
Integral Non-Linearity Aperture Uncertainty (Jitter)
+25°C - +1/4 +3/4 LSB (rms) - - +15 pSec.
0°Cto +70°C - +1/4 +3/4 LSB (peak) - _ +50 pSec.
55C104+125°C - - 5 LsB S/H Acquisition Time to
Differential Non-Linearity 0.01% (Transient Recovery) - - 180 nSec.
425 °C - - 34 LsB Overvoltage Recovery Time - - 1000 nSec.
0°Cto +70 °C - - +3/4 LSB -
-55Cto +125 °C - - +1 LSB POWER REQUIREMENTS
Full Scale Absolute
Accuracy Power Supply Range
+25°C - +0.13 +0.25 % FSR +15Vdc Supply +14.25 +15.0 +15.75 Volts dc
0°Cto +70 °C - +0.15 +0.44 % FSR -15V dc Supply -14.25 -15.0 -15.75 Volts dc
55 C 10 +125 °C _ 1025 1078 % FSR +5V dc Supply +4.75 +5.0 +5.25 Volts dc
Unipolar Zero Error, Power Supply Current
+25 °C (See Tech Note 1) - 0074 | 013 | %FSR +15V dc Supply - +24 +35 mA
Unipolar Zero Tempco - +15 430 ppm/°C -15V de Supply - -40 -48 mA
Bipolar Zero Error, +5V dc Supply @ - +95 +115 mA
+25 °C (See Tech Note 1) - 0074 | +0.13 % FSR Power Dissipation - 1.3 1.7 Watts
Bipolar Zero Tempco - 5 +8 ppm/°C Power Supply Rejection - - 0.05 | %FSR/%V
Bipolar Offset Error,
425 °C (See Tech Note 1) - +04 | 02 | %FSR PHYSICAL/ENVIRONMENTAL
Bipolar Offset Tempco - +20 +40 ppm/°C Operating Temp. Range
Gain Error, +25 °C - 0.1 0.2 % FSR -MC 0 - +70 °C
(See Tech Note 1) -MM -55 - +125 °C
Gain Tempco - +20 +40 ppm/° C Storage Temperature
Logic Levels Range -65 - +150 °C
Logic "1" 24 - - Volts dc
Logic "0" - - 0.4 Volts dc Package Type 40-pin hermetic sealed, ceramic DIP
Logic Loading "1" - - -160 pA Weight 0.56 ounces (16 grams), maximum
Logic Loading "0" - - 48 mA
{2”;’:;: Rezfse';eé'ce 09 100 1002 | Vorsdc ® +5V power usage at 1 TTL logic loading per data output bit.
 + +9. +10. +10. i nati : i i
Dritt 5 +5 +30 ppm/°C Specifications subject to change without notice.
External Current - - 15 mA

1-36 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356



TECHNICAL NOTES

1. Use external potentiometers as shown in Figure 3 to adjust
the offset and gain errors to zero. For operation without ad-
justment, leave pin 8 open.

2. Rated performance requires using good high-frequency cir-
cuit board layout techniques. The analog and digital
grounds are connected internally. Avoid ground-related
problems by connecting the digital analog grounds to one
point, the ground plane beneath the converter.

Due to the inductance and resistance of the power supply
return paths, return the analog and digital ground separately
to the power supplies.

3. Bypass the analog and digital supplies to ground with a 10
uF, 25V tantalum electrolytic capacitor. Bypass the +10V
reference (pin 2 and 31) to analog ground (pin 16) with a
0.1 pF ceramic capacitor.

4. For unipolar, 0 to -5V FSR, connect pins 31 and 32. For bi-
polar, £2.5V FSR, connect pin 32 to analog ground and con-
nect pin 31 to a 0.1 pF ceramic capacitor only.

5. Pins 27 and 28 are no connection pins. Connecting pins 27
and 28 together is acceptable.

TIMING

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

CALIBRATION PROCEDURE

1. Connect the converter per Figure 3 for the appropriate full-
scale range (FSR). Apply a pulse of 200 nanoseconds mini-
mum to the START CONVERT input (pin 20) 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 analog input and ground. Adjust the output of the
reference source per Table 2. Adjust the zero trimming po-
tentiometer so that the output code flickers equally between
0000 0000 0000 and 0000 0000 0001 for unipolar.

ADS-193

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000
0000 0001.

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 2. Adjust the gain trimming potentio-
meter so that the output code flickers equally between 1111
1111 1110and 1111 1111 1111.

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

reference voltage source to obtain the output coding listed
in Table 3.

Table 2. Zero and Gain Adjust

FSR ZERO ADJUST GAIN ADJUST
+1/2 LSB +FS-11/2LSB
0to-5Vdc -0.61mV dc -4.9982V
+2.5V dc +0.61 mV -2.4982V
SC - 200 nS min./750 nS max.
[

START
CONVERT

[ ]

1SP - 1000 nS min |

|

! I
HOLD — 12nS 40nS -
PULSE

|

|

(INTERNAL) |

1CONV - 850 nS Max.

EOC J——|
|

—=| <—tpv -50 15 Max. —{ [=—1DC -35 nS Max
I

OUTPUT DATA Kl><]><l
& Changing data

Figure 2. ADS-193 Timing Diagram

Table 3. Output Coding
COMP. BINARY

UNIPOLAR | INPUT RANGE, V dc {OUTPUT CODING | INPUT RANGE| BIPOLAR
SCALE 0 to -5V MSB LSB +2.5V dc SCALE
+FS-1LSB -4.998V 11111111 1111 -2.4988V +FS -1LSB
7/8 FS -4.375V 1110 0000 0000 -1.8750V +3/4 FS
3/4FS -3.750V 1100 0000 0000 -1.2500V +1/2 FS
1/2FS -2.500V 1000 0000 0000 0.0000V 0
1/4 FS -1.250V 0100 0000 0000 +1.2500V -1/2FS
1/8 FS -0.625V 0010 0000 0000 +1.8750V -3/4 FS
1LSB -0.0012V 0000 0000 0001 +2.4988V -FS +1LSB
0 0.000V 0000 0000 0000 +2.5000V -FS

COMP. OFF. BIN

For Immediate Assistance, Dial 1-800-233-2765
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ADS-193 D O/AEL

—
START CONVERT 20 21 E0C
GAIN 34-39 Bt
ANALOG INPUT
(0TO -5V) 8 2
100
H ek 22-26 B12
8
60K
15V ADS.1 93 2 —¢— +10VREF.
Cb
+5V —_1— 1
Cb$ 31+ T +10V REF.
cax’ ot 7 6%
v v - UNIPOLAR
W5V — ' 33 OFFSET
v 7 DO NOT CONNECT
+H5V —9r——1 30
Cav Cb$ 27 NO CONNECTION
15V —¢- 5 28 [T NO CONNECTION
oy
Ca:C' *For unipolar operation, connect
6 pins 31 and 32. For bipolar
15V —8- 19 3,4,18, 40 91016 operation, ground pin-32 and
Cb$ connect a 0.01 pf capacitor
J__ ‘L between pin 31 and ground.
DIGITAL ANALOG Ca - is 10 pF tantalum
GROUND GROUND Cb - is 0.1 uF ceramic

Figure 3. Typical ADS-193 Connection Diagram

0
1
-100

0 50 100 150 200 250 300 350 400 450 500

KHz
FFT Analysis of ADS-193
MECHANICAL DIMENSIONS
INCHES (MM)
o v ORDERING INFORMATION
8,0)
_L ——= . MODEL OPERATING TEMP.
0150.68) LFT] T 02 ) NUMBER RANGE
" T '0.010 x 0.160 (4,1) KOVAR SEAL

j2 oy ADS-193MC 0°C 0 +70 °C Hermetic
! ! ADS-193MM -55 °C to +125 °C Hermetic

sorns | | APST93 ADS-EVAL1 Evolution Board (without ADS-193)

0.10" Apart i Bottom E 2.12 Max.
@9 1 Vew ! Receptacle for PC board mounting can be ordered through
i ! AMP Inc., Part # 3-331272-8 (Component Lead Socket), 40
i ! required.
I 40}
h—-—j : For availability of MIL-STD-883 versions, contact DATEL.
Aon,‘f"’ '88/ I L_ %21;? Y
s
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FEATURES

- 12-Bit resolution

« 1.3 MHz throughput rate
» S/H included

« Single 46-pin DIP

GENERAL DESCRIPTION

DATEL's ADS-21PC Sampling Converter combines a 12-bit
A/D and a S/H in one space-saving package. Designed and
manufactured at DATEL's modern, certified hybrid assembly
facility using state-of-the-art integrated circuits, the ADS-21PC
provides the highest quality and performance for signal pro-

ADS-21PC
Low-Power, 12-Bit, 1.3 MHz
Sampling A/D Converter

cessing applications. MECHANICAL DIMENSIONS
TECHNICAL NOTES INCHES
0.300 — (mm)
1. Use external potentiometers to remove system errors or (7,62) * 0.150
the small initial errors to zero. Use a 20K trimming potentio- MAX. 1 -
meter for gain adjustment with the wiper tied to pin 36 (ground ’ — (3.81)
pin 36 for operation without adjustments). Use a 20K trim- 1300 * MIN.
ming potentiometer with the wiper tied to pin 37 for zero/offset | ’ I
adjustment (leave pin 37 open for operation without adjust- (33,02)
ment). N o
2. Rated performance requires using good high frequency cir- : 2 lo.100
cuit board layout techniques. The analog and digital grounds ° Hp
are connected internally. Avoid ground-related problems by o ° (25)
connecting the digital and analog grounds to one point, the . 2620 |.  goTTOM °
ground plane beneath the converter. Due to the inductance (66.,6) |- VIEW o [—— 22 SPACES AT
and resistance of the power supply return paths, return the- MAX. |° o * 0.100 @ +0.005
analog and digital ground separately to the power supplies. o o NON-CUMULATIVE
This prevents contamination of the analog ground by noisy M .
digital ground currents. M N l
-— 1.620 —~>| PIN DIAM. = 0.020 (0,51)
(41,2)
MAX.
+10Vde - INPUT/OUTPUT CONNECTIONS
NO CONNECTIONS REFOUT  S/HOUT RANGE ENABLE
1,8,11,32, 35,42, 46 43 44 40 10 34 COMP BIN PIN [ FUNCTION PIN| FUNCTION
OFFSET l l 1 |Ne 24| ANA gzg
[ 33 OVERFLOW 2 |DIG GND 25| ANA
ADJUST 37 : 3 | START CONVERT| 26| ANA GND
> 1 12 BIT 1(MSB) 4 |DIG GND 27| ANA GND
—a1 - 5 | DIG GND 28| ANA GND
BIAS 38 —‘Wv—l [ :i ggg 6 |EOC 29| ANA GND
™ 7 |DIG GND 30| ANA GND
INPUT 39 |—MA—é—pe| SAMPLE AND HOLD ™ 15 BIT4 8 | NG 31| +15v
AD »| 3-STATE o 16 BITS 9 |45V 32| NG
GAIN CONVERTER | gl ReGiSTER 10 | ENABLE 33| OVERFLOW
3 SH - 17 BIT6 11 [NC 34| COMP BIN
ADJUST START = | | 15 BIT7 12 |BIT 1 (MSB) | 35| N/C
COMMAND CONVERT = 13 [BIT 2 36| GAIN ADJUST
o = 19 BIT8 14 |BIT 3 37| OFFSET ADJUST
START 1 —s={ 20 BIT9 15 |BIT 4 38| BIAS
CONVERT ™ -l 21 BIT10 relare | anacoa meuT
3 »| CONTROLLOGIC | ’—-> 22 BIT 11 18 |BIT 7 41| ANA GND
AND TIMING — _— 19 |BIT 8 42| NIC
EOC 28 BIT12(.58) 20 |BIT 9 43| +10v REF OUT
6 EOC 21 |BIT10 44| S/H OUT
22 | BIT11 45| -15V
24-30, 41 2,4,5,7 9 31 45 [23 [BIT 12 (LSB) [46( N/C
ANALOG DIGITAL +5V dc +15V dc -15V dc
GROUNDS GROUNDS

For Immediate Assistance, Dial 1-800-233-2765
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ADS-21PC

ABSOLUTE MAXIMUM RATINGS

D o=l

DYNAMIC PERFORM. CONT. MIN TYP MAX | UNITS
PARAMETERS LIMITS Acquisition Time
10V step to £1.0 mV
+15V Supply (Pin 31) -0.310 +18V dc 001 FS)
-15V Supply (Pin 45) +0.3t0-18V dc +25°C - 145 180 |nS
+5V Supply (Pin 9) -0.5t0 +7V dc 010 +70 °C - 165 220 | nS
Digital Inputs (Pins 3,10,34) -0.3to +5.5V dc
Analog Input (Pins 38, 39) -15t0 +15V dc PERFORMANCE, £10V RANGE
Lead Temp. (10 Sec.) 300 °C Integral Nonlinearity
" 010 +70 °C - - +0.0125 | %FSR+1/2LSB
Differential Nonlinearity
FUNCTIONAL SPECIFICATIONS 010470°C - — | 40,0125 %FSRx1/2LSB
FS Absol. Accuracy
Apply over the operating temperature range and at 15V dc +25°C - +5 +12 | LSB
and +5V dc unless otherwise specified. 01to +70 °C - +6 15 |LSB
Unipolar Zero Error
+25°C - +2 +5 |LSB
INPUTS MIN. | TYP. MAX.| UNITS Unipolar Zero Tempco - +13 +25 | ppm/°C
Bipolar Zero Error - - +5 |LSB
Input Voltage Ranges - |0to+10| - | Vdc Bipolar Zero Tempco - +13 125 | ppm/°C
- |05V - | Vdc Bipolar Offset Error
- |0t-10) - | Vde +25°C - +2 8 |LsB
- |#10,45} - | Vdc Bipolar Offset Tempco - 17 | +40 |ppm/°C
Input Impedance Gain Error, +25 °C - +3 +8 |LSB
010-10V, 0 to +10V, Gain Tempco - +18 +40 | ppm/°C
10V - 1 - | ke Throughput Rate
0 o -5V, 15V - 500 - Ohms +25 °C 13 - - MHz
Logic Levels 010 +70°C 1.1 - - {MHz
tgg:g (1) 2;0 - o8 x gg No Missing Codes (12 bits)|  Over the operating temp. range.
Logic Levels ’ POWER SUPPLY REQUIREMENTS
Logic 1 - - 5 | pA Power Supply Range
Logic 0 - - -200 | pA +15V dc Supply +1425 | +15 | +15.75| Vdc
OUTPUTS -15V chSupply -14.725 —155 -15.75 x dc
5V d ) 4.75 5.25 dc
Output Coding Options straight l_)inary pow;,e, S(ixp;f\;)éurrent * * *
offset binary +15V Supply - +50 | +65 |mA
complementary bma{y -15V Supply - -65 72 | mA
. complementary offset binary +5V Supply* - +80 +95 | mA
Logic Levels Power Dissipation - 2.1 25 | Watts
Logic 1 2.4 - - | Vde Power Supply Rejection - 0.01 | 0.05 | %FSR/%V
Logic 0 - - 0.4 | Vdc
Logic Loading PHYSICAL-ENVIRONMENTAL
Logic 1 - - -160 | pA Operating Temp. Range 0 ' - +70 |°C
Logic 0 . - - 6.4 | mA Storage Temp. Range -65 - +125 | °C
Internal Reference (Pin 43) Package Type 46-pin DIP
\éqlfttage, +25°C 9.98 1050 10.02( Vdc Pins 0.010 x 0.018 copper alloy
ri - +! +30 | ppm/°C| i .
External Current (Pin 43) - Z 15 | mA Weight 1:250z. (35 g) max
DYNAMIC PERFORMANCE *+5V power usage at 1 TTL logic loading per data output bit.
Feedthrough Rejection - -74 - dB —— . .
SNR wio distortion, -0.5 dB EOS;Z”AS ;gﬁ;‘:ﬂslﬂggt;on values apply for Total Harmonic Distortion
dcto 100 kHz -69.0 -71 - dB ’ '
100 KHz to 500 KHz -67 -70 - dB
SNR with distortion, -0.5 dB TECHNICAL NOTES CONT.
dcto 100 kHz -68.0 -71 - dB . .
100 KHz to 500 KHz 66 70 - | gB 3. Bypass ;ul the analog and digital supplies and the +10V
Effective Bits reference (pin 43) to ground with a 4.7 pF, 25V tantalum elec-
dcto 100 kHz 11 11.5 - | Bits trolytic capacitor in parallel with a 0.1 uF ceramic capacitor.
100 KHz to 500 KHz 10.7 11.3 - | Bits Bypass the +10V reference (pin 43) to analog ground (pin 41).
Inband Harmonics ®
de to 100 KHz 72 -80 - | Fs-dB 4. The COMP BIN input (pin 34) allows selection of binary/
FrgogégfogeKHzon 70 75 - | FSdB offset binary or complementary binary/complementary offset
S?na" S‘i(gnals(?s dsst)a _ 16 - | MHz binary. Refer to Table 3 for the desired coding selection. Pin
Slew Rate - 300 ~ | vs 34 has an internal pull-up resistor and is TTL-compatible for
Aperture Delay Time - - +16 | nS those users desiring logic control of this function.
Aperture Uncertainty (Jitter) | — - +50 | pS J— .
Settling Time 5. The internal Sample/Hold control signal goes low following
10V t0 £0.01% FS the rising edge of a start convert pulse and high 65 nanosec-
#Imv) - 60 100 | nS onds minimum before EOC goes low. This S/H low signal in-
dicates that the converter can accept a new analog input.
1-40 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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Table 1. Input Connections

Input Connect Connect
Voltage Input Pin Pin 40
Range 38 to (Range) to
0to-5V 39 44
Oto-10V - 44
0to +10V | Ext. -10V Ref.” 44
+5V 39 43
+10V - 43

*May be referenced to +10V Ref. (Pin 43)

CALIBRATION PROCEDURE

1. Connect the converter per Figure 3 and Tables 1 and 3 for
the appropriate full-scale range (FSR) and coding options.
Apply a pulse of 100 nanoseconds minimum to the START
CONVERT input (pin 3) at a rate of 500 KHz. This rate cho-
sen to reduce flicker if LED's are used on the outputs for cali-
bration purposes.

2. Zero Adjustment

Apply a precision voltage reference source between the ana-
log input (pin 39) and ground (pin 24). Adjust the output of the
reference source per Table 2. For Unipolar operation adjust
the zero trimming potentiometer so that the output code flick-
ers equally between 0000 0000 0000 and 0000 0000 0001 or
between 1111 1111 1111 and 1111 1111 1110. Refer to
Table 4.

ANALOG

INPUT -—_—]\[

ADS-21PC

Table 2. Zero and Gain Adjust

Zero Adjust Gain Adjust
FSR +1/21LSB +FS-11/2LSB
0to -5V -0.61 mV -4.9982V
0to-10V -1.22mV -9.9963V
0to +10V +1.22mV +9.9963V
+10Vdc +2.44 mV +9.9927V dc
+5V dc +1.22mV +4.9963V dc

For bipolar operation, adjust the potentiometer until the dis-
played code flickers equally between 1000 0000 0000 and
1000 0000 0001 or between 0111 1111 1111 and 0111 1111
1110. Refer to Table 5.

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 2. Adjust the gain trimming potentiome-
ter so that the output code flickers equally between 1111 1111
1110 and 1111 1111 1111 or between 0000 0000 0001 and
0000 0000 0000 depending on the output coding selected.

4. To confirm proper operation of the device, vary the preci-
sion reference voltage source to obtain the output coding list-
ed in Tables 4 and 5.

' |
|

— ~— 100 nSec HOLD MODE SETTLING TIME
START N—>| 100 nSec MIN.
CONVERT —
10 nSec MIN, | | T1 Values
25 nSec MAX. L ——— Temperature
| +25 °C 0to +70 °C
£oc Conversion Time 530 nSec. 590 nSec.
0 ——= |=— 15nSec MIN. 65 nSec
| | 20 nSec MAX. MIN.
-
INTERNAL S/ H _JL————*—' | [ NOTE: Timing cited is guaran-
A‘;gﬂl"sslifm | teed by design and applies over
TIME 1-7 350 nSec MIN. »t u-* }*w 35 nSec MIN. the operating temperature and
power supply ranges.
OUTPUT DATA Data N-1 Vaiid DXDXDXDXIXK] patan vaiia
Enabled Data N-1 Valid —>| |=— 10 nSec MAX.—| l~— Enabled Data N Vaiid
ENABLE DATA
NOTE: NOT DRAWN TO SCALE s

For Immediate Assistance, Dial 1-800-233-2765
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Table 3. Input Range/Output Selection

D DATEL

Input
Voltage
Range

Binary/
Offset Binary
Connect Pin 34 to

Comp. Binary/
Comp.Offset Binary
Connect Pin 34 to

0to -5V
0to-10V
Oto +10V
+5V
+10V

2,457
2,457
2,457

2,457
2,457

Table 4. Output Coding for Unipolar Operation

Unipolar Input Ranges Output Coding
Scale Volts dc Straight Binary | Comp. Binary
0to-5V | O0to-10V | Oto +10V MsB LSB |MSB LSB
+FS-1LSB | -4.998V -9.9976V | +9.9976V 1111 11111111 0000 0000 0000
7/8 FS -4.375V -8.750V +8.750V 1110 0000 0000 0001 1111 1111
3/4 FS . -3.750V -7.500V +7.500V 1100 0000 0000 0011 1111 1111
1/2FS -2.500V -5.00V +5.00V 1000 0000 0000 0111 1111 1111
1/4 FS -1.250V -2.500V +2.500V 0100 0000 0000 1011 1111 1111
1/8 FS -0.625V -1.250V +1.250V 0010 0000 0000 1101 1111 1111
1LSB -0.0012V | -0.0024V | +0.0024V 0000 0000 0001 1111 1111 1110
0 0.0000V | 0.0000V 0.0000V 0000 0000 0000 1111 1111 1111
+15V [V BV 45V
Table 5. Output Coding for Bipolar Operation
47pF} 47 WF Output Coding
*‘_' —— Bipolar Input Ranges “Comp.
0.1uF | 0.1pF Scale Volts dc Offset Binary | Offset Binary
Sl B 15V 10V MSB LSB | MSB LSB
e+
31| 2430 45 +FS-11LSB | +4.9976V | +9.9951V | 1111 1111 1111 |0000 0000 0000
+10V +3/4 FS +3.7500V | +7.5000V | 1110 0000 0000 {0001 1111 1111
REFERENCE +18V ANA. 5V +1/2FS +2.5000V | +5.0000V | 1100 0000 0000 |0011 1111 1111
OuTPUT GND 0 0.0000V | 0.0000V | 1000 0000 0000 |0111 1111 1111
4 -1/2 FS -2.5000V | -5.0000V | 0100 0000 0000|1011 1111 1111
-3/4 FS -3.7500V | -7.5000V | 0010 0000 00001101 1111 1111
"g “‘,Z -FS+1LSB | -4.9976V | -9.9951V | 0000 0000 00011111 1111 1110
K s I 41 -FS -5.0000V | -10.0000V | 0000 0000 0000{1111 1111 1111
ANALOG
GROUND
ADS-21PC
-15V
37
OFFSET -
ADJUST 20K
+15V 36 GAIN
ADJUST %7 ANALOG
GROUND
+15V O-AMW\-O -15V
20K J_ DIGITAL
NOTES: L GROUND
1. Pins 2, 4, 5, 7, 24-30, and 41 must be connected to the
ground plane as close as possible to the case.
2. Pins 1, 8, 11, 32, 35, 42, and 46 have no internal ORDERING INFORMATION
connections.
MODEL NO. TEMP. RANGE
Figure 3. o
. . DS-21P 0to +70 °C
Typical ADS-21PC Connections ADS-21PC
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ADS-924

14-Bit, 300 KHz, Low-Power

Sampling A/D Converter

FEATURES

 14-Bit resolution

« Internal Sample/Hold

+ 300 KHz minimum throughput
« Functionally complete

« Small 24-pin DIP

« Low-power, 1.4 Watts

« Three-state output buffers

GENERAL DESCRIPTION

DATEL's ADS-924 is a 14-bit, functionally complete, sampling

INPUT/OUTPUT CONNECTIONS

A/D converter that is packaged in a space-saving 24-pin ce-
ramic DIP. A minimum throughput rate of 300 KHz is achieved PIN | FUNCTION PIN | FUNCTION
while only dissipating 1.4 Watts. 1 | BT 140UT (LSB) 13 | +sv
2 | BIT130UT 14 ENABLE
3 | BIT120UT 15 EOC
4 | BIT110UT 16 START CONVERT
5 | BIT10 OUT 17 BIT 2 OUT
6 | BIT9OUT 18 BIT 1 (MSB)
7 | BIT8OUT 19 | ANALOG INPUT
8 | BIT70UT 20 BIPOLAR
9 | BIT6 OUT 21 +10V REF
10 | BIT50UT 22 +15V
11 | BIT40UT 23 GROUND
12 | BIT30UT 24 | -15V
———Qj— DAC
+10V REF 21 I REF I f {14 ENABLE (MsB)
L || |1 18 BIT 1 OUT (MSB)
R R L. =17 BIT 20UT
OFFSET E E {12 BIT 30UT
BIPOLAR 20 creur|| | st N N 1 L~ 11BIT 40UT
ANALOG S s ] L~ 10BIT 50UT
INPUT 19 St L : ] -~ 9BIT 60UT
DIGITAL 3.STATE
R R CORRECTION [ 7| outpur [ 8B 70UT
LOGIC | REGISTER [ 7BIT 80UT
R - = 6BIT 90UT
g L] L > 5BIT 10 OUT
I L = 4BIT110UT
S - . I+ 3BT 120UT
LOGIC
START E = 2BIT130UT
CONTROL
CONV. 16 AND R — |+ 18IT 14 0UT (LSB)
. TIMING f
EOC 15
13 14 22 23 24
+5V DIG. GND. +15V GND. 15V

For Immediate Assistance, Dial 1-800-233-2765
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS OUTPUTS MIN. | Tvp. [max. | uniTs
+15V Supply (Pin 22) Oto+18 Volts dc 'No Missing Codes
-15V Supply (Pin 24) Oto-18 Volts dc (14 Bits) at +25°C
+5V Supply (Pin 13) -0.510 +7.0 Volts dc (13 Bits) over 0 to 70 °C temp. range
(12 Bits) over -55 to +125 °C temp. range
Digital Inputs .
(Pins 14, 16) -0.310 +6.0 Volts dc Logle Leveis 24 _ — | vots e
Analog Input (Pin 19) -15t0 +15 Volts dc Logic g - _ 0.4 Volts do
Lead Temp.(10 Sec.) 300 max °C Logic Loading "1" _ _ 160 WA
Logic Loading "0" - - 6.4 mA
Internal Reference
Voltage, +25 °C +9.98 | +10.0 | +10.02] Volts dc
Drift - 5 +30 ppm/ °C
FUNCTIONAL SPECIFICATIONS Extormal Gurrent S I - I
Apply over the operating temperature range and at £15V dc Resolution 14 Bits
and +5V dc unless otherwise specified. Output Coding Straight binary/offset binary
ANALOG INPUTS MIN. TYP. MAX. | UNITS DYNAMIC PERFORMANCE
Input Voltage Range Conversion Time
ADS-924 - +5 - Volts dc +25°C 300 - — KHz
(See Table 4 also) - Oto+10 - Voits dc o 70 °C _ _ H
Input Impedance 5.0 16.0 - M Ohms ?550029 t; +01 25 °C ggg _ _ ﬁH;
Input Capacitance - 3 5 pf Total Harmonic Distortion
DIGITAL INPUTS DC to 100 KHz at Vin<2.5V p-p
Logic Level +25°C 72 | .76 - dB
ogic 1o 20 _ - |vos gc -55 °C to +125 °C 70 | 72 - dB
Logic "0" - - 0.8 | Voltsdc DC to 40 KHz at Vin = 10V p-p
Logic Loading "1" - - 5 RA +25 °C -72 -76 - dB
Logic Loading "0" - - -200 uA -55°C to +125 °C -70 -72 - dB
Slew Rate - 90 - V/uSec.
PERFORMANCE . - Aperture Delay Time - 20 - nSec.
Integral Non-Linearity Aperture Uncertainty - +100 - pSec.
+25 °C (see Tech Notes) - +1/2 +1 LSB S/H Acquisition Time
0°Cto +70°C - +1 +2 LSB .006% (10V ste|
255°C to +125 °C - - +3 | LsB to 22?50 °60/° (10V step) _ _ 12 | pusec.
Differential Non-Linearity 0°C to +70 °C — _ 1.35 uSec.
3%5008 70°C - el I -55 °C to +125 °C - - 15 | pSec.
55 °C 10 +125 °C _ ~ 425 LSB (Sinusoidal Input) - - 700 nSec.
Full Scale Absolute POWER REQUIREMENTS
Accuracy
+25°C ~ | 40087 |+0.074 | %FSR Power Supply Range
0°C to +70 °C - +0.074 | +0.13 | %FSR +15V dc Supply +14.25 | +15.0 |+15.75| Voltsdc
.55 °C to +125 °C - +0.12 +0.2 | %FSR -15V dc Supply 11425 | -15.0 |-15.75 | Volts dc
Unipolar Zero Error, +5V dc Supply +4.5 +5.0 +5.5 | Voltsdc
+25 °C (See Tech Note 1) - +0.02 [{+0.031 | %FSR Power Supply Current
0°Cto +70°C - - +0.09 | %FSR +15V dc Supply - +41 +49 mA
-55°C to +125 °C - - +0.12 | %FSR -15V dc Supply - -46 -53 mA
Bipolar Zero Error, +5V dc Supply* - +66 +75 mA
+25 °C (See Tech Note 1) - +0.02 }+0.031 | %FSR Power Dissipation - 1.4 1.8 Watts
0°Cto +70 °C - - +0.09 | %FSR Power Supply Rejection - - 0.01 | %FSR/%]
-55 °C to +125 °C - - +0.12 | %FSR
Bipolar Offset Error, PHYSICAL/ENVIRONMENTAL
+25 °C (See Tech Note 1) - +0.02 |+0.061 | %FSR i .R
0°C 10 +70 °C - =7 042 | %FsR Operating Temp. Range | R R o
-55 °C to +125 °C - - +0.15 | %FSR MM 55 _ +125 oG
Ga(ig En_'lgr, gis °C | - +0.02 |%0.061 | %FSR Storage Temperature
ee Tech Note 1 o
0°C t0 +70 °C - - | 012 | %FsR Range 65 - | 180 ¢
-55°Cto +125° - - +0. %] i . N
Clo+125°C 015 | %FSR Package Type 24-pin hermetic sealed, ceramic DIP
Weight 0.42 ounces (12 grams)

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

1-44 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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ADS-924

TECHNICAL NOTES

1. Applications which are unaffected by endpoint errors or ré-
move them through software will use the typical connections
shown in Figure 3. Remove system errors or adjust tfe
small initial errors of the ADS-924 to zero using the optional
external circuitry shown in Figure 4. The external adjust-
ment circuit has no affect on the throughput rate.

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

3. The ADS-924 exhibits up to 2.0 LSB's of peak-to-peak
noise. Digital signal processing (DSP) applications will av-
erage this noise. "

4. To obtain three-state outputs, connect ENABLE (pin 14) to a
logic "0" (low). Otherwise, connect ENABLE (pin 14) to a
logic "1" (high).

TIMING

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

ANALOG

INPUT - TIN
: T
soons !
INPUT  ____ | Min, ™|
|
N = k- 200 ns Min.
L1 1
700 1S ACQUISITION TIME (SINUSOIDAL INPUT)

NOTE: NOT DRAWN TO SCALE

1
[ |
| <¢—— CONVERSION
: J—: 1 TIME I
=+ 20 NS Min. 35 nS Max.

10 NS Min. 25 NS Max.
== 30nSMn, | |-

8
3
'

(INTERNAL)
SH | !
| fa——— 313psMn. ——s : DATA
ouTPUT | |20 nS Max. ! INVALID
DATA DXDIXIX

ERBE |l NTVAID [ RS NTVAGD

1ons )i WIVAD | | MVAD
Figure 2. ADS-924 Timing Diagram
Table 2. Input Range Selection

INPUT RANGE INPUT PIN TIE TOGETHER
+5V dc Pin 19 Pin 20 to Pin 21
0to+10V dc Pin 19 Pin 20 to Ground

Table 3. Zero and Gain Adjust

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

0to +10V dc +300uV dc +9.9991V dc

+5V dc +300uV dc +4.9991V dc

For Immediate Assistance, Dial 1-800-233-2765

Table 4. Input Ranges
(using external calibration)

INPUT RANGE R1 R2 | UNIT
0to +10V, 15V 2 2 K Ohms -
0to +5V, +2.5V 1.65 499 KOhms
0to+2.5V, +1.25V| 715 4990| K'Ohms
+15V 15V 45V
[ ]
ATuF | a7pF 4.7uF
+ +
{1 i ;]7
0.1uF | 0.1pF 0.1uF
11 L IL
LU i L1
2| 23 24 13| 23
ANALOG _ 19 Eoc
INPUT ] E_% E%BLE
BIT 1 (MSB)
L1Z BIT se)
L2 giT3
START __ 16 1L BIT4
CONVERT ADS-924 110, BIT 5
-2 BIT6
4
—>|2° Jr F_zo BIPOLAR INPUT j oo
! BIT 10
! BIT 11
BIT 12
a I 2| 10 REF (2 BT 13
it -+ -1 BIT 14
aroan | 0.1uF | a.7uF|
OPERATION | ¥ _ Y |
UNIPOLAR
OPERATION

Figure 3. Typical Input Connections for the ADS-924

CALIBRATION PROCEDURE

1. Connect the converter per Figure 3, Figure 4, and Table 2
for the appropriate full-scale range (FSR). Apply a pulse of
200 nanoseconds 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 pur-
poses.

2. Zero Adjustments
Apply a precision voltage reference source between the am-
plifier's analog input and ground. Adjust the output of the
reference source per Table 3. For unipolar, adjust the zero
trimming potentiometer so that the output code flickers
equally between 00 0000 0000 0000 and 00 0000 0000
0001.

For bipolar operation, adjust the potentiometer such that the

code flickers equally between 10 0000 0000 0000 and 10
0000 0000 0001.

1-45



D [OVAYTEL

3. Full-Scale Adjustment
Set the output of the. voltage reference used in step 2 to the
value shown in Table 3. Adjust the gain trimming potentio-
meter so that the output code flickers equally between 11
11111111 1110and 11 1111 1111 1111,

Table 6. Output Coding

N A B

INPUT RANGE

ADS-924

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

reference voltage source to obtain the output coding listed
in Table 5.

UNIPOLAR OUTPUT CODING BIPOLAR INPUT
Oto +10V_ |SCALE MSB LSB | MSB LSB |SCALE RANGES
+9.99939V | +FS -1 LSB [ 1111 1111 1111"| 0000 0000 0000 |+FS -+ LSB | +4.99939V
+8.7500V  |7/8 FS 1110 0000 0000 | 0001 1111 1111 |+3/4 FS +3.7500V
+7.5000V  [3/4FS 1100 0000 0000 | 0011 1111 1111 |+1/2 FS +2.5000V
+5.0000V  [1/2FS 1000 0000 0000 | 0111 1111 1111 [0 0.0000V
+2.5000V  |1/4FS 0100 0000 0000 | 1011 1111 1111 |-1/2FS -2.5000V
+1.2500V  |1/8 FS 0010 0000 0000 | 1101 1111 1111 |-3/4 FS -3.7500V
+0.0003V  |1LSB 0000 0000 0001 | 1111 1111 1110 |-FS+ 1 LSB | -4.99939V
0.0000V |0 0000 0000 0000 { 1111 1111 1111 |-FS -5.0000V
OFF. BINARY COMP. OFF. BIN.

o
[

>
o

- -
'é’ 8 &8 8 83 8 o
%’llllllf
-
=)

80
KHz

- Figure 5. FFT Analysis of ADS-924

120

MECHANICAL DIMENSIONS
INCHES (MM)
0.800MAX l
20,
(203) 0.190 MAX
0.010 X 0.018 I
“ KOVAR Pins “ 0.150 MIN.
(3.8)
12 13 I
p— 110K
VIEW SPACES
AT 0.100
25)
i
_¢6_00_,l NOTE: Pins have a 0.025 inch, +0.01
(15,2) stand-off from case.

1-46

R2 *
To Pin 19
of ADS-924

>—10
SIGNAL
INPUT
GAIN
ADJUST
10KQ
4.99KQ ZERO/OFFSET

ADJUST

* See Table 4 for R1 and R2 values.

Figure 4. Optional Calibration Circuit

ORDERING INFORMATION

MODEL OPERATING SEAL
NUMBER TEMP. RANGE

+ADS-924MC 0°Cto+70°C Hermetic
ADS-924MM -55°C to +125 °C Hermetic

Receptacle for PC board mounting can be ordered through
AMP Inc., Part # 3-331272-8 (Component Lead Socket),
24 required.

For availability of MIL-STD-883B versions, contact DATEL.

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




| ADS-928
@ _l /AEJEL High Resolution
Sampling A/D Converter

FEATURES a W

» 14-Bit resolution

» 500 KHz sampling rate

« Functionally complete

- Small 32-pin DIP

« Low-power, 3.1 Watts
 Three-state output buffers
- Samples up to Nyquist

INPUT/OUTPUT CNNECTIONS

GENERAL DESCRIPTION
) ) ‘ PIN | FUNCTION PIN | FUNCTION
DATEL's ADS-928 is a 14-bit, 500 KHz sampling rate, function-
ally complete A./D.convener. The ADS-928 samples up to Ny- ; E:g(\;LF}A%F out }g gg 1; 83$ (LSB)
quist with no missing codes. 3 | ANALOG INPUT 19 | BIT120UT
Packaged in a small 32-pin DIP, power requirements are +15 g gIEF’\ISAEI:I' gg%%@rD g? gg 1(1) 88$
volts and +5 volts with 3.1 Watts power dissipation. 6 | GAIN ADJUST 22 | BIT9OUT
7 OVERFLOW 23 BIT 8 OUT
8 COMP. BIN 24 | BIT70UT
9 ENABLE 25 | BIT6OUT
10 | +5V 26 | BIT50UT
11 | DIGITAL GROUND 27 | BIT40UT
12 | +15V 28 | BIT3OUT
13 | -15V 29 | BIT20UT
14 | NO CONNECTION 30 | BIT 1 OUT (MSB)
15 | ANALOG GROUND 31 BIT 1 OUT (MSB)
16 | EOC 32 | START CONVERT

—_—
——< ' DAC
GAIN —
ADJUST 6 =
+10V REF 1 — [ rer | T
L ] l—=| 31 BIT 1 OUT (MSE)
= 30 BIT 10UT (MSB)
R >
OFFSET SrreeT E N {29 8IT 20UT
ADJUST 5 CIRCUIT S2 G )—d 28 BIT 30UT
BIPOLAR 2 I~ AAA— ~ e s | I 278iT 40UT
POL ' s= T | . = 26 BIT 50UT
/ L= DIGITAL | .| 3STATE []25BIT 60UT
ANALOG CORRECTION ouTPUT > 24 BIT 70UT
>
INPUT 3 I Loaic REGISTER | ol 53 BIT 8OUT
'é ™ —>]22BIT 90UT
G > | 21 BIT 10 OUT
é | 1 20 BIT 11 OUT
NG 14 LOGIC T | ™1 19BIT 120UT
START GCONTROL E ™1 18BIT 13 0UT
ol
CONV. 32— AND R =1 17 BIT 14 OUT (LSB)
TIMING 1] 4 } L oEnmeEe
EOC 16}—=—
| 7 OVERFLOW
2 10 7 12 15 13 8
SIGNALGND ~ +5V DIG. GND. +15V ANA.GND. -5V COMP BIN

For Immediate Assistance, Dial 1-800-233-2765 1-47



S-9 D O/AMEL

ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS OUTPUTS MIN. TYP. MAX. UNITS
+15V Supply (Pin 12) 03t0+18  Voltsdc Logic Leyels |- - vorsee
-15V Supply (Pin 13) +0.310-18 Volts dc Logic 0 - - o4 | Voede
+5V Supply (Pin 10) -0.3t0 +7.0 Volts dc Logic Loading "1* - - -1.60 A
- Logic Loading "0" - - 6.4 mA
Digital inputs Internal Reference
(Pins 8, 9, 32) -0.3t0 +7.0 Volts dc Voltage, +25 °C +9.98 +10.0 +10.02 | Voltsdc
Analog Input (Pin 3) +25 Volts Drift - 13 30 | ppm/°C
Lead Temp. (10 Sec.) 300 max °C External Current - - 2 mA
DYNAMIC PERFORMANCE
Total Harm. Distort. (-0.5 dB)
DC to 100 KHz -83 -88 - FS-dB
100 KHz to 250 KHz -78 -82 -+ | FS-dB
FUNCTIONAL SPECIFICATIONS Signal-to-Noise Ratio
. (w/o distortion, -0.5 dB)
Apply over the operating temperature range and at +15V dc DC to 100 KHz 82 88 - FS-dB
and +5V dc unless otherwise specified. 100 KHz to 250 KHz 78 -84 - FS-dB
ignal-to-Noise Rati
ANALOG INPUTS MIN. | TYP. | MAX | UNITS S‘“gzis;’om‘;';?o; i
DC to 100 KHz -7 -80 - FS-dB
Input Voltage Range 100 KHz to 250 KHz 72 75 - FS-dB
- 0t-10 | - Volts Effective Bits, -0.5 dB
- 5 - Volts DC to 100 KHz 125 132 - Bits
Input Impedance 49 5 - K Ohms 100 KHz to 250 KHz 12,0 123 - Bits
Input Capacitance - 7 15 pf Two-tone Intermodulation
DIGITAL INPUTS Distortion (fin = 100 KHz,
N 240 KHz, Fs=500 KHz,
Logic Levels -0.5dB) -92 - - FS-dB
Logic"1" 20 - - Votts d Input Bandwidth
Logc'0" - - 08 | Voltsde Small Signal (-20 dB input) 6 - - MHz
Logic Loading *1” - - 50 HA Full Power (0 dB input) 175 - - MHz
Logic Loading "0 - - -200 A Feedthrough Rejection |
PERFORMANCE @ fin = 250 KHz -90 - - dB
N Slew Rate 80 90 - V/uSec.
Int. Non;Lm. @ fin =250 KHz Aperture Delay Time - +20 25 nSec.
+25°C . - £112 +3/4 LsB Aperture Uncertainty - - +100 pSec.
010+70°C . - +3/4 + LSB S/H Acquisition Time
§510+125°C - # £ LsB (10 0.01%FS (10V step) - 680 750 nSec.
Dif. Nogl-Lin. @ fin=250 KHz Overvoltage Recovery, +12V - 600 1000 nSec.
+25°C - - 12 LSB AID Conversion Rate
010+70°C - - 134 LSB +25:C 500 600 - KHz
-55t0 +125 °C - +1 12 LSB 010 +70+C 500 600 - KHz
:ﬂfr:'e Absolute 5510 =125+C 550 550 - KHz
+25 o¥;_ _ +0.08 +0.122 %FSR POWER REQUIREMENTS
0to+70°C - +0.18 +0.36 %FSR Power Supply Range
55104125 °C - 1061 | 085 | %FSR +15V dc Supply #1425 | 4150 | +1575 | Vohsdc
Unipolar Zero Error, . -15V dc Supply 1425 | 150 | -1575 | Voltsde
+25°C - 1004 | 0122 1 %FSR +5V dc Supply +475 | 450 | +525 | Votsdc
010+70 °C - 007 | +0.13 %FSR Power Supply Current
. -5510 +125 °C - +0.1 +0.17 %FSR +15V dc Supply - +95 +115 mA
Bipolar Zero Error, -15V dc Supply - -88 -105 mA
+25 °C (Tech Note 1) - 0.04 +0.122 %FSR +5V dc Supply ® - +83 +100 mA
010470 °C - 3007 | 018 | %FSR Power Dissipation - 34 3.4 Watts
-5510 +125 °C - 0.1 03 | %FSR Power Supply Rejection - - 002 | %FSRI%V
Bipolar Offset Error,
+25 °C (Tech Note 1) - +0.018 +0.12 %FSR PHYSICAL/ENVIRONMENTAL
010+70°C - £0.12 0.3 %FSR ing Temp. R
5510 +125°C - | 058 | 2073 | %FsR Operating Temp. Range 0 i} 70 oo
Gain Error, +25 °C - +0018 | #012 | %FSR Iy 55 - 125 oc
(See Tech Note 1) Storage Temperature
010470°C - | 012 | s03 | w%Fsm Range o _ P
§5104125°C N 0.53 .73 %FSR Package Type 32-pin hermetic sealed, ceramic TDIP
No Missing Codes Weight 0.42 ounces (12 grams)
14 Bits @ 250 KHz fin OVER 0 TO +70+C.
;t:;sB:Isu t%ﬁso KHz fin ?XElgiésn:%i:\zj: @ +5V power usage at 1 TTL logic loading per data output bit.
Output Coding
(Pin 8 Hi) Straight bin./offset bin./2's Comp.
(Pin 8 Low) Comp. bin./Comp. offset bin., C2C

1-48 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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ADS-928

TECHNICAL NOTES

1.

Use external potentiometers to remove system errors or the
small initial errors to zero. Use a 20K trimming potentiome-
ter for gain adjustment with the wiper tied to pin 6 (ground
pin 6 for operation without adjustments). Use a 20K trim-
ming potentiometer with the wiper tied to pin 5 for zero/
offset adjustment (connect pin 5 to pin 15, analog ground
for operation without adjustment).

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. Due to
the inductance and resistance of the power supply return
paths, return the analog and digital ground separately to the
power supplies.

. Bypass the analog and digital supplies and the +10V refer-
ence (pin 1) to ground with a 4.7 pF, 25V tantalum electro-
lytic capacitor in parallel with a 0.1 pF ceramic capacitor.
Bypass the +10V reference (pin 1) to analog ground (pin
15).

. Obtain_straight binary/offset binary output coding by tying
COMP BIN (pin 8) to +5V dc or leaving it open. The device
has an internal pull-up resistor on this pin. To obtain com-
plementary 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 us-
ers desiring logic control of this function.

. To enable the three-state outputs, connect ENABLE (pin 9)
to a logic "0" (low). To disable, connect ENABLE (pin 9) to
a logic "1" (high).

. The 200 nSec. minimum START CONVERT pulse width as-
sures the hold mode settling time requirements are met.

. The specifications listed in Figure 2 (timing diagram) apply
over the full operating temperature range unless otherwise
specified.

CALIBRATION PROCEDURE

1.

Connect the converter per Figure 3, and Table 1 for the ap-
propriate full-scale range (FSR). Apply a pulse of 200 nano-
seconds minimum to the START CONVERT input (pin 32)
at a rate of 200 KHz. This rate is chosen to reduce flicker if
LED's are used on the outputs for calibration purposes.

Table 1. Input Connections

INPUT RANGE INPUT PIN TIE TOGETHER

0to-10V Pin3 Pins 2 and 4
+5V Pin 3 Pins 1 and 2

Table 2. Zero and Gain Adjust

FSR ZERO ADJUST GAIN ADJUST
+1/2 LSB FS-1/2LSB

0to-10V -305 uv -9.999085V

+5V -305 uv -4.999085V

For Immediate Assistance, Dial 1-800-233-2765

2. Zero Adjustments

Apply a precision voltage reference source between the an-
alog input (pin 3) and signal ground (pin 4). Adjust the out-
put of the reference source per Table 2.

For unipolar, adjust the zero trimming potentiometer so that
the output code flickers equally between 00 0000 0000
0000 and 00 0000 0000 0001 with the COMP BIN (pin 8)
tied high (straight binary) or between 11 1111 1111 1111
and 11 1111 1111 1110 with the COMP BIN (pin 8) tied low
(complementary binary).

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 10 0000 0000 0000 and 10
0000 0000 0001 with COMP BIN (pin 8) tied high (offset bi-
nary) or between 01 1111 1111 1111 and 01 1111 1111
1110 with COMP BIN (pin 8) tied low (complementary offset
binary).

Two's complement coding requires use of the MSB (pin 31)
with COMP BIN (pin 8) tied high, adjusting the potentiome-
ter such that the code flickers between 00 0000 0000 0000
and 00 0000 0000 0001.

. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 2.

Adjust the gain trimming potentiometer so that the output
code flickers equally between 11 1111 1111 1110 and 11
1111 1111 1111 for COMP BIN (pin 8) tied high (straight bi-
nary) or between 00 0000 0000 0000 and 00 0000 0000
0001 for COMP BIN tied low (complementary binary).

Two's complement coding requires use of the MSB (pin 31)
with the COMP BIN (pin 8) tied high, adjusting the gain trim-
ming potentiometer so that the output code flickers equally
between 01 1111 1111 1110 and 01 1111 1111 1111,

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

reference voltage source to obtain the output coding listed
in Table 3.

— '«— HOLD MODE SETTLING
— ! w.v 200 nSec MIN

START

conveRT E .‘ =
SH ACQ. TIME o
—
OONTROL ! HOLD | SAMPLE

(INTEF!NAL)
ADEOC

+— 30 nSecMIN

T : 10 nSec MIN., 25 nSec MAX ,
1
| BUSY I

out EOC = |+—25nSecMIN

‘ | +— 20 nSec MIN., 35 nSec MAX \

700 nSec MIN- |
ouTPuT DATA N-1 VALID ]x] DATA N VALID
DATA
INVALID
ENABLE ENABLED DATA N VALID
__—{l10nsec MAX DATA INHIBITED 10nSecMAX —Sll—

NOTE: NOT DRAWN TO SCALE

Note: Retriggering START CONVERT before EOC

goes low will not start a new conversion.

Figure 2. ADS-928 Timing Diagram
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Table 3. Output Coding

STRAIGHT BIN. COMP. BINARY

UNIPOLAR | INPUT RANGES, V dc OUTPUT CODING
SCALE 0to -10V MSB LSB MSB LSB
FS-1LSB -9.999390 111111 1111 1111 | 00 0000 0000 0000
7/8 FS -8.750000 11 1000 0000 0000 | 00 0111 1111 1111
3/4 FS -7.500000 11 0000 0000 0000 |00 1111 1111 1111
1/2 FS -5.000000 10 0000 0000 0000 | 01 1111 1111 1111
1/4 FS -2.500000 01 0000 0000 0000 | 10 1111 1111 1111
1/8 FS -1.250000 00 1000 0000 0000 | 11 0111 1111 1111
1LSB -0.000610 00 0000 0000 0001 {11 1111 1111 1110
0 0.000000 00 0000 0000 0000 11 1111 1111 1111
OFF BINARY COMP OFF
+15V -15V +5V
47pF | a7uF 47uF
e < L
0.1uF | 0.1pF 0.1uF
can - ¢
+15VQ ApyusT
2| 15| 13] 10 11 .
20K GAIN ADJUST -~ ENABLE _
5o~ BIT1(MSB)
15V 5o~ BIT1(MsB)
_L_—j__L +10V REF 28 :gg
z 121 gy
lo.1m=$4.7m= 25~ Birs
2| groarn ADS-928 24 :gg
! 23
5>~ BIT8
oto-10v —————31 ANALOG INPUT (21 S:I ?0
+5vDC ——E&1 CoMPBIN % Sg "
= BIT12
—I1— 321 START CONVERT % BIT 13
141 NO CONNECTION 7~ BIT14(LSB)
& %RFLOW

j SIGNAL GROUND
5

20K
-15Vi +15V

ZERO/OFFSET ADJUST

Figure 3. Typical ADS-928 Connection Diagram

o

B

D O/AEL

INPUT RANGE | BI POLAR

MSB LSB +5V dc SCALE
011111 1111 1111 -4.99939 +FS -1 LSB
01 1000 0000 0000 -3.75000 +3/4 FS

01 0000 0000 0000 -2.50000 +12 FS

00 0000 0000 0000 0.00000 0

10 0000 0000 0000 +2.50000 [-1/2FS

10 1000 0000 0000 +3.75000 |-3/4 FS

10 0000 0000 0001 +4.99939 [-FS +1LSB

+5.00000 [-FS

MECHANICAL DIMENSIONS
INCHES (MM)
‘___ 1.101 MAX _.I
(28,0)
[ | [ 0.190 (4,9) MAX
Ho.ow X 0.018 0.150 (3,8) MIN.
KOVAR Pins
16 17 T l
15 1.712 MAX.
BOTTOM SPACES  (435)
VIEW AT 0.100
(2,5
1 32

-— 0900 |
(22,9)

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

MODEL NUMBER

ORDERING INFORMATION

OPERATING TEMP. RANGE

SEAL

ADS-928MC
ADS-928MM
ADS-EVAL1

0°Cto+70°C Hermetic
-55°C to +125 °C Hermetic
Evaluation Board (without ADS-928)

883888883

| Receptacle for PC board mounting can be ordered

h ul through AMP Inc., Part # 3-331272-8 (Component Lead
Socket), 32 required.

150

0 25 50 75 100 115 175 200 225
KHz

For availibility of MIL-STD-883B versions, contact DATEL.

Figure 4. FFT Analysis of ADS-928

1-50 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356



ADS-930
@ l /AE_EL 16-Bit, 500 KHz, High Resolution

ADVANCED PRODUCT DATA Sampling A/D Converter

FEATURES

16-Bit resolution

500 KHz sampling rate
Functionally complete
Internal S/H

Small 40-pin DIP
Low-power, 2.1 Watts
Three-state output buffers

e o o o o o s o @

Samples up to Nyquist
16 word FIFO memory 1/0 CONNECTIONS
GENERAL DESCRIPTION Pin | Function Pin | Function
DATEL's ADS-930 is a 16-bit, 500 KHz sampling rate, func- 1 | +10V REFERENCE 21 | BIT 16 OUT (LSB)
tionally complete A/D converter with internal FIFO. The ADS- 2 | BIPOLAR 22 |BIT 153.0UT
930 samples up to Nyquist with no missing codes. 3 | ANALOG INPUT 23 | FIFO/DIR
4 | ANALOG GROUND 24 | DIGITAL GROUND
Packaged in a small 40-pin TDIP, power requirements are 5 | OFFSET ADJUST 25 | BIT 14 OUT
+15 Volts and +5 Volts with 2.1 Watts power dissipation. 6 | GAIN ADJUST 26 |BIT 13 0UT
7 | +15V 27 |BIT 120UT
APPLICATIONS 8 | COMP BIN 28 | BIT 11 OUT
9 | ENABLE 29 | BIT 10 OUT
- Spectroscopy 10 | FIFO READ 30 | ANALOG GROUND
- Spectrum analysis 11 | ANALOG GROUND 31 |BIT9OUT
. |maging 12 | -15V 32 |BIT8OUT
. Radar 13 | ANALOG GROUND 33 | BIT 7 OUT
+ Medical instrumentation 14 | QVERFLOW 34 | BIT 6 OUT
- High-speed data acquisition systems 15 | EOC 35 | BIT 5 OUT
16 | +5V 36 | BIT 4 OUT
17 | START CONVERT 37 |BIT30OUT
18 | DIGITAL GROUND 38 | BIT20UT
19 | FSTAT1 39 | BIT 1 OUT (MSB)
20 | FSTAT 2 40 | BIT 1 OUT (MSB)

—
19 FSTAT1
DAC 20 FSTAT2
GAIN — __
ADJUST 6 ] t 23 FIFODIR
+10V REF 1 = REF 10 FIFOREAD
- —=t 39 BIT 1 OUT (MSB)
| 140 BIT 10UT (MSB)
i AD | s8I 20UT
OFFSET ¢ OFFSET 6 (DIRECTor | | | Jl37BIT 30UT
ADJUST CIRCUIT S2 X FIFO _Jl368BIT 40UT
BIPOLAR 2 ~ v s L] OUTPUTS) = | lsseir s0UT
A sil— T ] | 348 60UT
4 E — DIGITAL || 3-sTATE |—»{33BIT 70UT
CORRECTION OUTPUT | ,}32BIT sOUT
ANALOG 3 t LoGIC |-+ REGISTER [ _J318IT 90uT
INPUT R L | l29Bm100UT
E L | ,{28BIT 11 0UT
G ___,\ [ Je7Bim120ur
s - | J26BIT130UT
START LOGIC T r———-./ L. | _o{25BIT 14 OUT
17 22 BIT 150UT
CONV, —=|CONTROL E ]
' AND R 1 21 BIT 16 (LSB)
9 ENABLE
£0G 15 ] TMING fl fl } l [ M—
14 OVERFLOW
16 24,18 7 4,11,13,30 12 8
+5V DIG. GND. +15V ANA. GND. 15V COMP BIN

For Immediate Assistance, Dial 1-800-233-2765 1-51



ADS-930

T
ABSOLUTE MAXIMUM RATINGS ouTRUTS mn, | Ttve. | max | uwms
utput Coding
(Pin Hi) Straight bin./offset bin./2's Comp.
PARAMETERS LIMITS UNITS (Pin Low) Comp. bin./Comp. offset bin.,C2C
+15V Supply 03t0+18  Voltsdc Lol e o | 1 vatsae
-15V Supply +0.3t0-18 Volts dc Logic 0" - - 0.4 Volts dc
+5V Supply -0.3t0 +7.0 Volts dc Logic Loading "1" - - -160 pA
Digital Inputs -0.3t0 +7.0 Volts dc Logic Loading "0" - - 6.4 mA
Analog Input +25 Volts Internal Reference
Lead Temp. (10 Sec.) 300 max °C Voltage (+5V), +25 °C +498 | 450 | 4502 | Voltsdc
Drift - 25 30 ppm/ °C
External Current - - 5 mA
Internal Reference
FUNCTIONAL SPECIFICATIONS Voltage (-10V), +25 °C -9.98 -10.0 -10.02 Volts dc
Drift - +3 +30 ppm/ °C
Apply over the operating temperature range and at +15V dc External Current 5 mA
and +5V dc unless otherwide specified. DYNAMIC PERFORMANCE
Total Harm. Distort. (-0.5 dB)
ANALOG INPUTS MIN. TYP. MAX. UNITS DC to 100 KHz -89 95 - FS-dB
100 KHz to 250 KHz -83 -88 - FS-dB
Input Voltage Range ~ |0to+10} - Volts Signal-to-Noise Ratio
- 0to-10 - Volts (wio distortion, -0.5 dB)
- 5,410 - Volts DC to 100 KHz -90 -95 - FS-dB
Input Impedance 19 2 - K Ohms 100 KHz to 250 KHz -87 -89 - FS-dB
Input Capacitance - 7 15 pf Signal-to-Noise Ratio
& distortion, -0.5 dB
DIGITAL INPUTS DC to 100 KHz 82 &7 - | rs-a
Logic Levels 100 KHz to 250 KHz -78 -80 - FS-dB
Logic "1 20 - - Volts dc Effective Bits, -0.5 dB
Logic"0" - - 08 Volts de DC to 100 KHz 14 145 - Bits
Logic Loading "1* - - 25 VA 100 KHz to 250 KHz 13 135 - Bits
Logic Loading "0" - - -100 LA Two-tone Intermodulation
Distort. (fin = 100 KHz, 240 KHz,
PERFOBMANCE Fs=590 KHz, -0.5 dB) 18D - - FS-dB
Int. Non-Lin. @ fin = 250 KHz Slew Rate 20 100 - VipSec.
+25°C - H #1722 LsB Aperture Delay Time - - 0 nSec.
0t0+70C - TBD 18D LsB Aperture Uncertainty - - +00 pSec.
-5510 +125 °C - 8D 8D LSB S/H Acquisition Time
Diff. Non-Lin. @ fiN = 250 KHz (100.01%FS (10V step) - 480 600 nSec.
+25°C - + 12 LSB Feedthrough Rejection
0to+70°C - TBD TBD LSB @ fiv =250 KHz 96 - - dB
5510 +125 °C - 8D TBD LSB A/D Conversion Rate
Full Scale Absolute +25°C 500 - - KHz
Accuracy 010 +70 °C 500 - - KHz
+25C. - #.04 | 007 | %FSR 5510 +125 °C 500 - - KHz
0to+70°C - 10.18 10.36 %FSR Input Bandwidth
-5510+125°C - 10.61 10.85 %FSR Stnall Signal (-20 dB input) 6 8 - MHz
Unipolar Zero Error, Full Power (0 dB input) 15 2 - MHz
3215 °(;0 < - 38172 g?‘; :’fgg Ovenvoltage Recovery, +12V - 600 1000 nSec.
0 +. - .| . /ol
5510 +125 °C - 01 | #0147 | %FSR POWER REQUIREMENTS
Bipolar Zero Error, Power Supply Range
+25 °C (Tech Note 1) - 0012 | 1004 %FSR +15V dc Supply +1425 | +150 | +1575 | Voltsdc
010470 °C - 007 | 1018 %FSR -15V dc Supply 1425 | 50 | -1575 | Voltsde
-55104125°C - #0.1 #0.3 %FSR +5V dc Supply +4.75 +5.0 +5.25 | Voltsdc
Bipolar Offset Error, Power Supply Current
+25 °C (Tech Note 1) - #.018 | 0.061 %FSR +15V dc Supply - +47 455 mA
0t0+70 °C - .12 0.3 %FSR -15V dc Supply - 68 75 mA
-55 to +125 °C - .53 +0.73 %FSR +5V dc Supply ® - +84 +90 mA
Gain Error, +25 °C - #0.018 | 10.061 %FSR Power Dissipation - 2.1 24 Watts
(See Tech Note 1) Power Supply Rejection - - 0.02 | %FSR%V
010 +70 °C - 40.12 0.3 %FSR
5510 +125 °C _ 10.53 4073 %FSR PHYSICAL/ENVIRONMENTAL
No Missing Codes X 3 , - - o
15 Bits @ 250 KHz fiN Over 0 to +70 °C OP?"M’;GMP Range, MC .gs - :17 gs og
TBD Bits @ 250 KHz fin Over -55 to +125 °C Storage Temp. Range 65 _ +150 °C
Resolution 16 Bits minimum Package Type 0-pin hermetic sealed, ceramic DIP
Pins 0.010 x 0.018 inch Kovar
Weight 0.56 ounces (16 grams) maximum

Specification footnotes
® +5V power usage at 1 TTL logic loading per data output bit.
Warm-up time to full specification: 5 minutes
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PRELIMINARY PRODUCT DATA

FEATURES

+ 14-Bit resolution

« 1.0 MHz minimum throughput
« Internal Sample/Hold

« Functionally complete

» Small 32-pin DIP

» Low-power, 2.8 Watts

» Three-state output buffers

« Samples up to Nyquist

GENERAL DESCRIPTION

DATEL's ADS-941 is a 14-bit, 1.0 MHz sampling rate, func-
tionally complete A/D converter. The ADS-941 samples up
to Nyquist with no missing codes.

Packaged in a small 32-pin DIP, power requirements are
+15 volts and +5 volts with 2.8 Watts power dissipation.

| ADS-941
14-Bit, 1.0 MHz, High Resolution
Sampling A/D Converter

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION PIN | FUNCTION
1 +10V REF. OUT 17 | BIT 14 OUT (LSB)
2 | BIPOLAR 18 | BIT130UT
3 | ANALOG INPUT 19 | BIT120UT
4 | SIGNAL GROUND 20 | BIT110UT
5 | OFFSET ADJUST 21 | BIT100UT
6 | ANALOG GROUND 22 | BIT9OUT
7 | OVERFLOW 23 | BIT8OUT
8 | COMP.BIN 24 | BIT70UT
9 [ ENABLE 25 | BIT 6 OUT
10 | +5V 26 | BIT50UT
11 | DIGITAL GROUND 27 | BIT40UT
12 | +15V 28 | BIT30OUT
13 | -15V 29 | BIT20UT
14 | NO CONNECTION 30 | BIT 1 OUT (MSB)
15 | ANALOG GROUND 31 | BIT 1 OUT (MSB)
16 | EOC 32 | START CONVERT

—_—
‘ DAC
ANALOG -—
GROUND T
+10V REF 1 — J REF
j N o] 31 BIT 10UT (MSE)
a I+ 30 BIT 10UT (MSB)
>
{2087 20UT
OFFSET OFFSET & . N
ADJUST 5 CIRCUIT Sz 28 BIT 30UT
L/ FkgiH é - > 27BIT 40UT
BIPOLAR 2NAAA (4 Jp @ T v L {268 50UT
4 £ DIGTAL | | 3.sTATE Ll 58T 60UT
ANALOG CORRECTION OUTPUT b+l 2amim 70uT
INPUT 3 T - LOGIC = REGISTER | ol o5gir gout
£ ™ 122BIT 90UT
G - 1 21 BIT 10 OUT
DONOT 4, . _'\ . {20 BIT 11 OUT
CONNECT ouc ] | 119 BIT 12 OUT
START CONTROL E 18 BIT 13 OUT
CONV. 32 R = .
=] AwD 17 BIT 14 OUT (LSB)
255 16 TIMING ] Tl 4 L oenasie
— 7 OVERFLOW
) 10 T 12 15 13 8
SIGNALGND 45V DIG.GND.  +15V ANA.GND. 15V COMPBIN

For Immediate Assistance, Dial 1-800-233-2765
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ADS-941

ABSOLUTE MAXIMUM RATINGS

D OANEL

PARAMETERS LIMITS UNITS
+15V Supply (Pin 12) -0.3to +18 Volts dc
-15V Supply (Pin 13) +0.3t0 -18 Volts dc
+5V Supply (Pin 10) -0.3t0 +7.0 Volts dc
Digital Inputs

(Pins 8, 9, 32) -0.3t0 +7.0 Volts dc
Analog Input (Pin 3) +25 Volts
Lead Temp. (10 Sec.) 300 max °C

FUNCTIONAL SPECIFICATIONS

Apply over the operating range and at +15V dc and +5V dc

unless otherwise specified.@

ANALOG INPUTS MIN. TYP. MAX. UNITS
Input Voltage Range
Oto+10 - Volts
+5 - Volts
Input Impedance 22 25 - K Ohms
Input Capacitance 7 15 pf
DIGITAL INPUTS
Logic Levels
Logic "1" 2.0 - - Volts dc
Logic "0" - 0.8 Volts dc
Logic Loading "1" - 5.0 pA
Logic Loading "0" - -200 pA
PERFORMANCE
Int. Non-Lin. @ fIN = 500 KHz
+25°C +12 +3/4 LSB
010 +70°C +3/4 +1 LSB
5510 +125 °C + +2 LSB
Diff. Non-Lin. @ fIN = 500 KHz
+25°C - +1/2 LSB
0t0+70 °C - +3/4 LsB
550 +125 °C +1 +2 LSB
Full Scale Absolute
Accuracy (See Tech Note 1)
+25°C. +0.08 +0.122 %FSR
0t0+70 °C +0.18 +0.36 %FSR
-55 10 +125 °C +0.61 +0.85 %FSR
Unipolar Zero Error
+25°C (Tech Note 1) +0.012 | +0.04 %FSR
0to+70 °C +0.07 0.13 %FSR
-55 to +125 °C +0.1 +0.17 %FSR
Bipolar Zero Error
+25 °C (Tech Note 1) +0.04 | £0.122 %FSR
0to+70°C +0.07 +0.18 %FSR
-55 to +125 °C 0.1 0.3 %FSR
Bipolar Offset Error,
+25 °C (Tech Note 1) 10.018 | +0.061 %FSR
0t0+70°C +0.12 +0.3 %FSR
-55t0 +125 °C +0.53 +0.73 %FSR
Gain Error (Tech Note 1)
+25°C $0.018 | +0.12 %FSR
010 +70°C +0.12 0.3 %FSR
-55to +125 °C +0.53 +0.73 %FSR
No Missing Codes
14 Bits @ 500 KHz fIN Over the Operating Temp. Range.
13 Bits @ 500 KHz fIN
Resolution 14 Bits

OUTPUTS MN. [ TYp. | maAx. | uniTs
Output Coding
(Pin 8 Hi) Straight bin./offset bin./2's Comp.
(Pin 8 Low) Comp. bin./Comp. offset bin., C2C
Logic Levels
Logic "1" 24 - - Volts dc
Logic "0" - - 04 Volts dc
Logic Loading "1" - - -160 uA
Logic Loading "0" - - 6.4 mA
Internal Reference
Voltage, +25 °C +9.98 +10.0 +10.02 | Volts dc
Drift - +13 +30 ppm/ °C
External Current - - 5 mA
PERFORMANCE
Slew Rate 180 200 - ViuSec.
Aperture Delay Time - - +12 nSec.
Aperture Uncertainty - - +100 pSec.
S/H Acquisition Time
(10 0.006%FS (10V step) - 250 300 nSec.
Total Harm. Distort. (-0.5 dB)
DC to 100 KHz -82 -90 - FS-dB
100 KHz to 500 KHz -77 -85 - FS-dB
Signal-to-Noise Ratio
(w/o distortion, -0.5 dB)
DC to 100 KHz -82 -90 - FS-dB
100 KHz to 500 KHz -7 -85 - FS-dB
Signal-to-Noise Ratio
& distortion, -0.5 dB
DC to 100 KHz 74 -78 - FS-dB
100 KHz to 500 KHz 69 73 - FS-dB
Effective Bits, -0.5 dB
DC to 100 KHz 124 131 - Bits
100 KHz to 500 KHz 1.8 12.3 - Bits
Two-tone Intermodulation
Distortion (fIN = 100 KHz,
240 KHz, Fs=1.0 MHz,
-0.5dB) 92 - - FS-dB
Input Bandwidth
Small Signal (-20 dB input) 6 - MHz
Full Power (0 dB input) 1.75 - MHz
Feedthrough Rejection
@ fIN = 500 KHz -87 - - dB
Overvoltage Recovery, +12V - 1000 2000 nSec.
A/D Conversion Rate
+25°C 1.0 11 - MHz
0to+70°C 1.0 1.1 - MHz
55 to +125 °C 1.0 1.05 - MHz
POWER REQUIREMENTS
Power Supply Range
+15V dc Supply +14.25 +15.0 +15.75 | Voltsde
-15V dc Supply -14.25 -15.0 -15.75 | Voltsdc
+5V dc Supply +4.75 +5.0 +5.25 Volts dc
Power Supply Current
+15V dc Supply - +68 +85 mA
-15V dc Supply - -87 95 mA
+5V dc Supply @ - 150 160 mA
Power Dissipation - 28 33 Watts
Power Supply Rejection - - 0.02 | %FSR/%V
PHYSICAL/ENVIRONMENTAL
Operating Temp. Range
MC 0 - +70 °C
-MM 55 - +125 °C
Storage Temperature
Range -65 - +150 °C
Package Type 32-pin hermetic sealed, ceramic TDIP
Weight 0.42 ounces (12 grams)

® +5V power usage at 1 TTL logic loading per data output bit.
@ Warm-up time to full specification: 20 minutes.
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TECHNICAL NOTES

1.

Use external potentiometers to remove system errors or the
small initial errors to zero. Use a 200 Q trimming potentio-
meter in series with the analog input for gain adjustment.
Use a short in place of the gain adjustment trim pot for oper-
ation without adjustments. Use a 20K trimming potentiome-
ter with the wiper tied to pin 5 for zero/offset adjustment
(connect pin 5 to pin 15, analog ground for operation with-
out adjustment).

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. Due to
the inductance and resistance of the power supply return
. paths, return the analog and digital ground separately to the
power supplies.

. Bypass the analog and digital supplies and the +10V refer-
ence (pin 1) to ground with a 4.7 uF, 25V tantalum electro-
lytic capacitor in parallel with a 0.1 uF ceramic capacitor.
Bypass the +10V reference (pin 1) to analog ground (pin
15).

4. Obtain straight binary/offset binary output coding by tying

COMP BIN (pin 8) to +5V dc or leaving it open. The device
has an internal pull-up resistor on this pin. To obtain com-
plementary 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 us-
ers desiring logic control of this function.

5. To enable the three-state outputs, connect ENABLE (pin 9)

to a logic "0" (low). To disable, connect ENABLE (pin 9) to
a logic "1" (high).

CALIBRATION PROCEDURE

1.

Connect the converter per Figure 3, and Table 1 for the ap-
propriate full-scale range (FSR). Apply a pulse of 50 nano-
seconds minimum to the START CONVERT input (pin 32)
at a rate of 200 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 ana-
log input (pin 3) and signal ground (pin 4). Adjust the output
of the reference source per Table 2.

For unipolar, adjust the zero trimming potentiometer so that
the output code flickers equally between 00 0000 0000
0000 and 00 0000 0000 0001 with the COMP BIN (pin 8)
tied low (straight binary) or between 11 1111 1111 1111
and 11 1111 1111 1110 with the pin 8 tied high (comple-
mentary binary).

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 10 0000 0000 0000 and 10
0000 0000 0001 with pin 8 tied high (offset binary) or be-
tween 01 1111 1111 1111 and 01 1111 1111 1110 with pin
8 tied low (complementary offset binary).

Two's complement coding requires use of the MSB (pin 31)
with COMP BIN (pin 8) tied high, adjusting the potentiome-
ter such that the code flickers between 00 0000 0000 0000
and 00 0000 0000 0001.

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 2.

Adjust the gain trimming potentiometer so that the output
code flickers equally between 11 1111 1111 1110 and 11
1111 1111 1111 for COMP BIN (pin 8) tied low for unipolar
operation or tied high for bipolar operation (straight binary/
offset binary) or between 00 0000 0000 0000 and 00 0000
0000 0001 for COMP BIN tied high for unipolar operastion-
or tied low for bipolar operation (complementary binary/
complementary offset binary).

Two's complement coding requires use of the MSB (pin 31)
with the COMP BIN (pin 8) tied high, adjusting the gain trim-
ming potentiometer so that the output code flickers equally
between 01 1111 1111 1110 and 01 1111 1111 1111,

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

reference voltage source to obtain the output coding listed
in Table 3.

— '+— HOLD MODE SETTLING

. lade
Table 1. Input Connections soanr - ‘ SOnSecMIN. - OTE: NOT DRAWN TO SCALE

INPUT RANGE CoNERT
| +— 30 nSec MIN

INPUTPIN | TIE TOGETHER : .7IL|~5/H Aca. TME R
0to-10V Pin3 | Pins2and 4 Sonrot | Hoto ' SaMPLE

+5V Pin 3 Pins 1 and 2 (NTERNAL) -, 10 nSec MIN., 25 nSec MAX. ,
BUSY |
gSTEOC EOC 7 - |<—— 25 nSec MIN

—’, | 4— 20 nSec MIN., 35 nSec MAX |
600 nSec MIN.

OUTPUT
DATA . DATAN 1 VALID

[
DATA N VALID
INVALID

ENABLE ENABLED DATA N VALID

—*[[<10nSec MAX DATA INHIBITED 10 nSec MAX |k —

Table 2. Zero and Gain Adjust

FSR ZERO ADJUST GAIN ADJUST NOTE: Retriggering the START CONVERT pulse before EOC goes low will not initiate a new conversion.
+1 /2 LSB FS = 1/ 2 LSB NOTE: The specifications listed apply over the full operating temperature range unless otherwise specified.
0to +10V -305 pv -9.999085V
15V -305 pv -4.999085V Figure 2. ADS-941 Timing Diagram

For Immediate Assistance, Dial 1-800-233-2765 1-55



ADS-941

COMP

BINARY

Table 3. Output Coding

D O/ANEL

UNIPOLAR | INPUT RANGES, V dc z* OUTPUT CODING INPUT RANGE | BI POLAR
SCALE 0to +10V MSB LSB . |MSB LSB MSB LSB +10V dc SCALE
FS-1LSB -9.999390 111111 1111 1111 | 00 0000 0000 0000 | 01 1111 1111 1111 -4.99939 +FS -1 LSB
7/8 FS . -8.750000 11 1000 0000 0000 [ 000111 1111 1111 | 01 1000 0000 0000 -3.75000 +3/4 FS
3/4 FS + -7.500000 11 0000 0000 0000 {00 1111 1111 1111 | 01 0000 0000 0000 -2.50000 +1/2FS
12 FS -5.000000 . 10 0000 0000 0000:{ 01 1111 1111 1111 | 00 0000 0000 0000 0.00000 0
1/4 FS -2.500000 01 0000 0000 0000:] 101111 1111 1111 [ 10 0000 0000 0000 +2.50000 -1/2 FS
1/8 FS -1.250000 00 1000 0000 0000 | 110111 1111 1111 | 10 1000 0000 0000 +3.75000 [-3/4 FS
1LSB -0.000610 00 0000 0000 0001-] 11 1111 1111 1110 | 10 0000 0000 0001 +4.99939 -FS +1 LSB
0 0.000000 00 0000 0000 0000 |11 1111 1111 1111 | 10 00000000 0000 +5.00000 -FS
Y COMP. OFF. BIN TWO'S COMP
+15V -15V +5V
i MECHANICAL DIMENSIONS
4.7uF | 4.7uF 4.7uF
Nl a1 INCHES (MM)
0.4pF | 0.1pF 0.1pF 101 MAX
| e
o o S (280)
2] 15| 13| 10 11 . I | 0.190 (4,9) MAX
j ANALOG GROUND % En’*‘B(LMisﬁ) uo.ow X0.018 [I l 0.150 (3,8) MIN.
(59~ BIT 1(MSB) KOVAR Pins
_L—I_L +10V REF (28~ g::g
= 27 Bira
$o.1,u=$4.7uF L.gg_ BITS 16 17 N 1
2 ADS-941 = BT6
GAIN ADJUST I BIPOLAR S-9 24 By '
010 410V [ ;!,‘009 3 2 BiT5 15 1712 MAX.
+ ANALOG INPUT 2t oo BOTTOM SPACES
- 20 (43,5)
+5VDC ——&1 COMPBIN [0 ::I’; VIEW AT 0.100
(19 oo )
—IL_32] stART CONVERT B Bir1s 25
17 (2,5)
141 DO NOT CONNECT [ 7 BIT14(8B)
41 SIGNAL GROUND 16 QVERFLOW ‘
EOC I
J;- 5 1 32
20K
15V +15V -— 0.900 -—I
ZERO/OFFSET ADJUST (22,9)

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

Figure 3. Typical ADS-941 Connection Diagram

0
10
20 ORDERING INFORMATION
30
Iy MODEL NUMBER OPERATING TEMP. RANGE SEAL
: ADS-941MC 0°C to +70°C Hermetic
o ADS-941MM -55°C to +125°C Hermetic
. ACCESSORY  ADS-EVAL1 Evaluation Board
% | (without ADS-941)

i N | 0 I 1 Receptacle for PC board mounting can be ordered through

ik ables & AMP Inc., Part # 3-331272-8 (Component Lead Socket), 32
0 100 200 KHz 300 400 500 I'equired.
For availibility of MIL-STD-883B versions, contact DATEL.
Figure 4. FFT Analysis of ADS-941 Y

1-56 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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PRELIMINARY PRODUCT DATA

FEATURES

- 14-Bit resolution

« Internal Sample/Hold

« 2.0 MHz minimum throughput
« Functionally complete

« Small 32-pin DIP

+ Low-power 2.9 Watts

- Three-state output buffers

» Samples up to Nyquist

ADS-942

14-Bit, 2.0 MHz, High Resolution
Sampling A/D Converter

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION PIN [ FUNCTION
1 +10V REF. OUT 17 | BIT 14 OUT (LSB)
GENERAL DESCRIPTION 2 | BIPOLAR 18 | BIT130OUT
3 ANALOG INPUT 19 | BIT 120UT
DATEL's ADS-942 is a 14-bit, 2.0 MHz sampling rate, function- g g'SF"gg:rig?Sg_P g? gg }é 831
ally complete A/D converter. The ADS-942 samples up to Ny- 6 | ANALOG GROUND 22 | BIT9 OUT
quist with no missing codes. 7 | OVERFLOW 23 | BIT8OUT
Packaged in a small 32-pin DIP, power requirements are +15 g %BFLEB IN gg ggé 8811:
volts and +5 volts with 2.9 Watts power dissipation. 10 | +5V 26 | BIT5OUT
11 | DIGITAL GROUND 27 | BIT40UT
12 | +15V 28 | BIT3OUT
13 | -15v 29 | BIT20UT
14 | DO NOT CONNECT 30 | BIT 1 OUT (MSB)
15 | ANALOG GROUND 31 BIT 1 OUT (MSB)
16 | EOC 32 | START CONVERT
———
r——q:_l__ DAC
ANALOG -
GROUND
+10VREF 1 — [ REF l
L 1 N | 31 81T 1 0UT [WSE)
P N {30 BIT 1 OUT (MSB)
OFFSET |:|0FFSET é > 2: ::: 2 g$
ADJUST 5 CIRCUIT Sz ™ 1 2 3
o FLASH é - > 27 BIT 40UT
BIPOLAR 2-AAA |} iy = @ ADC s N [ oeam sour
/ E DIGTAL | ,| 3STATE [™]25BIT 60UT
ANALOG CORRECTION OUTPUT | 24BIT 70UT
INPUT 3 t LOGIC =+ REGISTER | oly3pr goUT
R T 22 mir s our
G | . | > 21 BIT 10 OUT
DONOT |, é N - {20 BIT 11 OUT
CONNECT Loaic T r_l/ L) > 19 BIT 120UT
Tow. 32 CONTROL E o : 18 BIT 13 OUT
- = anp R 17 BIT 14 OUT (LSB)
— TIMING ﬂ fl 4 | [ S S=reyv-ryr
- 7 OVERFLOW
4 10 1" 12 15 13 8
SIGNALGND  +5V DIG. GND. +15V ANA.GND. -5V COMP BIN

For Immediate Assistance, Dial 1-800-233-2765
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ADS-942 D [O/ANE[L

ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS OUTPUTS MmN [ Tve. | wmax [ unms
+15V Supply (Pin 12) 0310 +18 Volts dc Output Coding . .
-15V Supply (Pin 13) +0310-18  Volisdc o o B oot s by
+5V Supply (Pin 10) 0310 +7.0 Volts dc Logic Levels P i
. Logic "1" 24 - - Volts dc
Digital Inputs Logic "0" - - 0.4 Volts dc
(Pins 8, 9, 32) -0.3t0 +7.0 Volts dc Logic Loading "1" - - -160 nA
Analog Input (Pin 3) 125 Volts Logic Loading "0" - - 6.4 mA
Lead Temp. (10 Sec.) 300 max °C Internal Reference )
Voltage, +25 °C +9.98 +10.0 +10.02 Volts de
Drift - +13 +30 ppm/ °C
External Current - - 5 mA
DYNAMIC PERFORMANCE
FUNCTIONAL SPECIFICATIONS Total Harm, Distort, (05 4B)
Apply over the operating temperature range and at +15V dc ?&'ﬂd%ﬁ”ﬁmz :;g :gg - Egzgg
and +5V dc unless otherwise specified.@ Signal-to-Noise Ratio
ANALOG INPUTS MIN. TYP. MAX. UNITS . gl(/;otg If 3%!'[;(0:,2-0.5 *® -78 -85 - FS-dB
100 KHz to 1 MHz -73 -79 - FS-dB
Input Voltage Range Signal-to-Noise Ratio
- Oto+10§ - Volts & distortion, -0.5 dB
- +5 - Volts DC to 100 KHz 72 -7 - FS-dB
Input Impedance 22 25 - K Ohms 100 KHz to 1 MHz -68 N4l - FS-dB
Input Capacitance - 7 15 pf Effective Bits, -0.5 dB
DC to 100 KHz 123 130 - Bits
DIGITAL INPUTS 100 KHz to 1 MHz 17 123 - Bits
Logic Levels Two-tone Intermodulation
Logic "1" 20 - - Volts de Distortion (fin = 100 KHz,
Logic "0" - - 0.8 Voits dc 240 KHz, Fs=2.0 MHz,
Logic Loading "1" - - 5.0 HA -0.5dB) -92 - - FS-dB
Logic Loading "0" - - -200 HA Input Bandwidth
Small Signal (-20 dB input) 6 - - MHz
PERFORMANCE Full Power (0 dB input) 1.75 - - MHz
Int. Non-Lin. @ fin =1 MHz Slew Rate 210 250 - ViuSec.
+25°C - +1/2 +1 Ls8 Aperture Delay Time - - +10 nSec.
0to +70 °C - +3/4 +15 LSB Aperture Uncertainty, Rms - - +10 pSec.
5510 +125 °C - +1 +25 LSB S/H Acquisition Time
Diff. Non-Lin. @ fiN= 1 MHz (10 0.006%FS (10V step) - 120 150 nSec.
+25°C - 112 £ LSB Feedthrough Rejection
010 +70°C - +3/4 +1.25 LSB @fiN=1MHz -85 - - dB
5510 +125°C - £ 125 LSB Overvoltage Recovery, +12V - 1000 2000 nSec.
Full Scale Absolute A/D Conversion Rate
Accuracy +25°C 20 21 - MHz
+25 °C. - +0.08 +0.122 %FSR 0to +70 °C 20 21 - MHz
0to +70 °C - +0.18 +0.36 %FSR 5510 +125 °C 20 205 - MHz
- of - 0. +0. 9
Uni:(agg ;lfg E?ror, 081 08 kSR POWER REQUIREMENTS
+25°C - +0.012 +0.04 %FSR Power Supply Range
0t0+70°C - +0.07 | 013 %FSR +15V dc Supply +1425 | +150 | +1575 | Voltsdc
-5510 4125 °C - 0.1 1047 %FSR -15V dc Supply 1425 | -150 4575 | Voltsdc
Bipolar Zero Error, +5V dc Supply +4.75 +5.0 +5.25 | Voltsde
+25 °C (Tech Note 1) - +0.04 +0.122 %FSR Power Supply Current
010 +70°C - 0.07 +0.18 %FSR +15V dc Supply - +70 +87 mA
5510 +125 °C - +0.1 0.3 %FSR -15V dc Supply - -80 98 mA
Bipolar Offset Error, +5V dc Supply ® - 155 +165 mA
+25 °C (Tech Note 1) - 10018 | +0.061 %FSR Power Dissipation - 29 34 Watts
05?t+7()1 ;g o - fg;g ;?7533 :ﬁgg Power Supply Rejection - - 002 | %FSR%V
=20 10 + ° - *0.; N /o
Gain Error, +25 °C - +0018 | 0122 | %FSR PHYSICAL/ENVIRONMENTAL
(See Tech Note 1) Operating Temp. Range
010 +70°C - +0.12 0.3 %FSR MC 0 - +70 °C
-55 to +125 °C - +0.53 +0.73 %FSR MM 55 - +125 °C
No Missing Codes Storage Temperature
14 Bits @ 1 MHz fin Over 0t0 70°C Range -65 — +150 °C
13 Bits @ 1 MHz fin Over 510 +125°C Package Type 32-pin hermefic sealed, ceramic DIP
Resolution 14 Bits Weight 0.42 ounces (12 grams)

® +5V power usage at 1 TTL logic loading per data output bit.
@ Warm-up time to full specification: 20 minutes.
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ADS-942

TECHNICAL NOTES

1.

Use external potentiometers to remove system errors or the
small initial errors to zero. Use a 200 Q trimming potentio-
meter in series with the analog input for gain adjustment.
Use a short in place of the gain adjustment trim pot for op-
eration without adjustments. Use a 20K trimming potentio-
meter with the wiper tied to pin 5 for zero/offset adjustment
(connect pin 5 to pin 15, analog ground for operation with-
out adjustment).

. 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. Due to
the inductance and resistance of the power supply return
paths, return the analog and digital ground separately to the
power supplies.

. Bypass the analog and digital supplies and the +10V refer-
ence (pin 1) to ground with a 4.7 pF, 25V tantalum electro-
lytic capacitor in parallel with a 0.1 puF ceramic capacitor.
Bypass the +10V reference (pin 1) to analog ground (pin
15).

4. Obtain straight binary/offset binary output coding by tying

(pin 8) to +5V dc or leaving it open. The device
has an internal pull-up resistor on this pin. To obtain com-
plementary binary or complementary offset binary output
coding, tie pin 18 to ground. The pin 18 signal is compatible
to CMOS/TTL logic levels for those users desiring logic con-
trol of this function.

. To enable the three-state outputs, connect ENABLE (pin 9)
to a logic "0" (low). To disable, connect pin 9 to a logic "1"
(high).

CALIBRATION PROCEDURE

1

. Connect the converter per Figure 3, and Table 1 for the ap-
propriate full-scale range (FSR). Apply a pulse of 35 nano-
seconds minimum to the START CONVERT input (pin 32) at
a rate of 200 KHz. This rate is chosen to reduce flicker if
LED's are used on the outputs for calibration purposes.

Table 1. Input Connections

INPUT RANGE INPUT PIN TIE TOGETHER
0to +10V Pin 3 Pins 2 and 4
5V Pin 3 Pins 1 and 2

Table 2. Zero and Gain Adjust

FSR ZERO ADJUST GAIN ADJUST
+1/2LSB FS-1/2LSB
0to +10V -305 uv +9.999085V
+5V -305 nv -4.999085V

For Immediate Assistance, Dial 1-800-233-2765

2. Zero Adjustments

Apply a precision voltage reference source between the an-
alog input (pin 3) and signal ground (pin 4). Adjust the out-
put of the reference source per Table 2.

For unipolar, adjust the zero trimming potentiometer so that
the output code flickers equally between 00 0000 0000
0000 and 00 0000 0000 0001 with the COMP BIN (pin 8)
tied low (straight binary) or between 11 1111 1111 1111
and 11 1111 1111 1110 with the pin 8 tied high (comple-
mentary binary).

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 10 0000 0000 0000 and 10
0000 0000 0001 with pin 8 tied high (offset binary) or be-
tween 01 1111 1111 1111 and 01 1111 1111 1110 with pin
8 tied low (complementary offset binary).

Two's complement coding requires use of the MSB (pin 31)
with COMP BIN (pin 8) tied high, adjusting the potentiome-
ter such that the code flickers between 00 0000 0000 0000
and 00 0000 0000 0001.

. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 2.

Adjust the gain trimming potentiometer so that the output
code flickers equally between 11 1111 1111 1110 and 11
1111 1111 1111 for COMP BIN (pin 8) tied low for unipolar
operation or tied high for bipolar operation (straight binary/
offset binary) or between 00 0000 0000 0000 and 00 0000
0000 0001 for COMP BIN tied high for unipolar operastion-
or tied low for bipolar operation (complementary binary/
complementary offset binary).

Two's complement coding requires use of the MSB (pin 31)
with the COMP BIN (pin 8) tied high, adjusting the gain trim-
ming potentiometer so that the output code flickers equally
between 01 1111 1111 1110 and 01 1111 1111 1111.

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

— {+— HOLD MODE SETTLING
a1 | leq- 35nSecMIN, 50nSec TYP NOTE: NOT DRAWN TO SCALE
START r'—‘\
CONVERT : i o
N 1
o —, S AGQ. TivE I
CONTROL WA FOLD '_.?AM—PLE_
out
(NTERNAL) =i, T— 10 nSec MIN., 25 nSec MAX. \
ADEGT U BUSY i
out = = [s—25nSecMN
—>! | 4— 20 nSec MIN., 35 nSec MAX f
600 nSec MIN. ,
ouTPUT -
oure DATAN-1 VALID DATA N VALID
INVALID
ENABLE ENABLED DATA N VALID
— | |4—- 10 nSec MAX DATA INHIBITED 10 nSec MAX —>||4—

reference voltage source to obtain the output coding listed
in Table 3.

NOTE:

1. Retriggering the start convert pulse before ﬁ goes low
will not initiate a new conversion.

2. The specifications cited apply over the full operating tem-
_perature range.

Figure 2. ADS-942 Timing Diagram
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Table 3. Output Coding
STRAIGHT BIN. COMP. BINARY
UNIPOLAR | INPUT RANGES, V dc| OUTPUT CODING INPUT RANGE | Bl POLAR
SCALE 0to +10V MSB LSB MSB LSB MSB LSB +10V de SCALE
FS-1LSB +9.999390 11 1111 1111 1111 | 00 0000 0000 0000 | 01 1111 1111 1111 -4.99939 +FS -1 LSB
7/8 FS +8.750000 11 1000 0000 0000 | 00 0111 1111 1111 | 01 1000 0000 0000 -3.75000 +3/4 FS
3/4 FS +7.500000 11 0000 0000 0000 | 00 1111 1111 1111 | 01 0000 0000 0000 -2.50000 +1/2FS
12 FS +5.000000 10 0000 0000 0000 | 01 1111 1111 1111 | 00 0000 0000 0000 0.00000 0
1/4 FS +2.500000 01 0000 0000 0000 | 10 1111 1111 1111 | 10 0000 0000 0000 +2.50000 (-1/2FS
1/8 FS +1.250000 00 1000 0000 0000 | 11 0111 1111 1111 | 10 1000 0000 0000 +3.75000 |-3/4 FS
1LSB +0.000610 00 0000 0000 0001 | 11 1111 1111 1110 | 10 0000 0000 0001 +4.99939 |-FS +1 LSB
0 0.000000 00 0000 0000 0000 | 11 1111 1111 1111 | 10 00000000 0000 +5.00000 -FS
OFF ) S COMP
MECHANICAL DIMENSIONS
B INCHES (MM)
45V EEVEY
a7uF | a70F 4.70F , 1.101 MAX ’
gt = 28.0) 0.190 MAX
0.4pF | 0.1uF 0.1pF (4,9)
—-4-ie o.010x0.018 || | °~2353)M‘N'
2l 5] 1] 10 11 KOVAR Pins :
j— ANALOG GROUND 3—, ENABLE _
(a5~ BT 1 (MSB)
1 ERpte TR
ﬂ-—— +10V REF | 28 BIT3
= 22 gty
;';““F;E””F —2—22— BITS
% F>a— BIT6 1.712 MAX.
GAIN ADJUST ‘Ta srown  ADS-942 % o BOTTOM sP1ASCES (43,5)
+ ' j22 VIEW
orogiov b 31 ANALOG INPUT (21 g:; ?0 ATZ(;JOO
svoc —8) Sowpem 25 Bt @5)
—IL_ 24 starTconvert e i J
141 DO NOT CONNECT [7~ BIT14(LsB)
4 (76 SOLgHFLOW 1 32

J SIGNAL GROUND
5

20K
-15V +15V
ZERO/OFFSET ADJUST

25—

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

Figure 3. Typical ADS-942 Connection Diagram

dB
'1: . ORDERING INFORMATION
z MODEL NUMBER OPERATING TEMP. RANGE SEAL
0 ADS-942MC 0°C to +70 °C Hermetic
2 ADS-942MM -55 °C to +125 °C Hermetic
70 ACCESSORY ADS-EVAL1 Evaluation Board
80 (without ADS-942)
%0 | I | " Receptacle for PC board mounting can be ordered through
-100 i 'm,m‘.mmi[um ot i AMP Inc., Part # 3-331272-8 (Component Lead Socket), 32
0 01 02 03 04 '2;:): 06 07 08 08 10 required.
. ) For availibility of MIL-STD-883B versions, contact DATEL.
Figure 4. FFT Analysis of ADS-942
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ADVANCED PRODUCT DATA

FEATURES

- 14-Bit resolution

« Internal Sample/Hold

« 5.0 MHz minimum throughput
« Functionally complete

» Small 32-pin DIP

» Low-power 3.4 Watts

« Three-state output buffers

» Samples up to Nyquist

GENERAL DESCRIPTION

DATEL's ADS-944 is a 14-bit, 5.0 MHz sampling rate, func-
tionally complete sampling A/D converter. The ADS-944
samples up to Nyquist with no missing codes.

Packaged in a small 32-pin DIP, power requirements are
+15 volts and +5 volts with 3.4 Watts power dissipation.

The ADS-944 is offered in the comercial 0 to +70 °C and
military -55 to +125 °C operating temperature range.

APPLICATIONS

Spectrum analysis
Imaging

Radar

Medical instrumentation
High-speed data acquisition systems

ADS-944
14-Bit, 5.0 MHz, High Resolution
Sampling A/D Converter

1/0 CONNECTIONS
PIN | FUNCTION PIN | FUNCTION
1 | +10V REF. OUT 17 | BIT 14 OUT (LSB)
2 | BIPOLAR 18 | BIT 130UT
3 | ANALOG INPUT 19 | BIT 120UT
4 | SIGNALGROUND | 20 | BIT 110UT
5 | OFFSET ADJUST 21 | BIT100UT
6 | ANALOG GND 22 | BIT9OUT
7 | OVERFLOW 23 | BIT8OUT
8 | COMP.BIN. 24 | BIT70UT
9 | ENABLE 25 | BIT60UT
10 | +5V 26 | BIT50UT
11 | DIGITALGROUND | 27 | BIT40UT
12 | +15V 28 | BIT30UT
13 | -15V 29 | BIT20UT
14 | DONOT CONNECT | 30 | BIT 1 OUT (MSB
15 | ANALOG GROUND | 31 | BIT10UT
16 | EOC 32 | START CONVERT

—_—
DAC
ANALOG D
GROUND — 1
+10V REF 1 = REF [
LT |-~ 31 BIT 1 OUT (MSB)
>
= L= 30 BIT 1 OUT (MSB)
!
OFFSET OFFSET E N > 29 BIT 20UT
ADJUST 5 CIRCUIT sz “3 {28 BIT 30UT
L/ Fkg:(s:u . - = 27 BIT 40UT
BIPOLAR 2[~AAA [ = @ T L] {26 BIT 50UT
g = DIGITAL | | 3-STATE [~™|25BIT 60UT
ANALOG CORRECTION OUTPUT |+ 24BIT 70UT
INPUT 3 1 LOGIC ™= REGISTER | ol,3mim goUT
2 1 12287 90UT
G =1 > 21 8IT 100UT
DONOT |, é - 120 BIT 11 OUT
CONNECT ool 7 - 119 BIT 12 OUT
START conee e 18817 13 OUT
-
CONV. 32——=—1""anp R ™1 17 BIT 14 OUT (LSB)
EOC 16 TiminG H ﬂ } l L oename
= 7 OVERFLOW
4 10 1 12 15 13 8
SIGNALGND ~ +5V DIG. GND. +15V ANA.GND.  -15V COMP BIN

For Immediate Assistance, Dial 1-800-233-2765
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Contact DATEL for up-to-date information on
products covered by "Advanced" and
"Preliminary" product data sheets.

Dial
1-800-233-2765
for
Applications Assistance
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ADVANCED PRODUCT DATA

FEATURES

14-Bit resolution

10 MHz sampling rate
Functionally complete
Internal S/H

Small 40-pin DIP
Low-power, 4.2 Watts
Three-state output buffers
Samples up to Nyquist

16 word FIFO memory

GENERAL DESCRIPTION

e e o o s o s o o

/NNELL

DATEL's ADS-945 is a 14-bit, 10 MHz sampling rate, function-
ally complete A/D converter with internal FIFO. The ADS-945

samples up to Nyquist with no missing codes.

Packaged in a small 40-pin TDIP, power requirements are
+15 Volts and +5 Volts with 4.2 Watts power dissipation.

APPLICATIONS

Spectroscopy

Spectrum analysis

Imaging

Radar

Medical instrumentation

High-speed data acquisition systems

ADS-945
14-Bit, 10.0 MHz, High Resolution

/O Connections

Function Function

+5V REFERENCE START CONVERT
OFFSET ADJUST FIFO/DIR

ANALOG INPUT HIGH FIFO READ
ANALOG INPUT LOW BIT 8 OUT
BIPOLAR BIT 7 OUT

-10V REFERENCE BIT 6 OUT
ENABLE LOW B9-14 BIT 5 OUT

GAIN ADJUST BIT 4 OUT
OVERFLOW BIT 3 OUT

DO NOT CONNECT BIT 2 OUT

-5V BIT 1 OUT (MSB)
BIT 14 OUT (LSB) +5V

BIT 13 OUT DIGITAL GROUND
BIT 12 0UT ENABLE HIGH (B1-8)
BIT 11 OUT S/H OUT

BIT 10 OUT COMP BIN

BIT 9 OUT -15V

FSTAT1 ANALOG GROUND
FSTAT2 ANALOG GROUND
BIT 1 OUT (MSB) +15V

s
—
FSTAT
DAC FSTAT2
GAIN — .
ADJUST ] FIFO/DIR
10V REF — REF t | FrFoReRD
Ll——l ] l»| BIT 10UT (MSB)
+5V REF - BT 10UT (MsB)
R AD e L= BIT 20UT
OFFSET OFFSET £ (DIRECT or BIT 30UT
G ] Be
ADJUST CIRCUIT Se | FIFO BIT 40UT
L/ Fkg?;H s OUTPUTS) |~ : BIT 50UT
BIPOLAI
POLAR A~ [} 4= 7 L || BT souT
S/H OUT g |- DIGITAL | ,] 3.STATE | BIT 70UT
CORRECTION OUTPUT || BIT 80UT
ANALOG HIGH ? LOGIC |+ REGISTER || BIT 90uT
INPUT  LOW R L. .| smioour
E .| smiiour
G || ™ | .| BITi120UT
& - .| Bmizout
LOGIC ; L .| BIT140UT(LsB)
START CONTROL A - ENABLE LOW
CONV. =] AND SNARLE
TIMING ﬂ fl f t [} ENABLE HIGH
OVERFLOW
SIGNALGROUND ~ +5V  DIG. GND. +15V ANA.GND. 15V 5V DONOT  COMPBIN
CONNECT

For Immediate Assistance, Dial 1-800-233-2765

Sampling A/D Converter

R - S
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Contact DATEL for up-to-date information on
products covered by "Advanced" and
"Preliminary” product data sheets.

Dial
1-800-233-2765
for
Applications Assistance
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PRELIMINARY PRODUCT DATA

FEATURES

- 16-bit resolution

» 200 KHz sampling rate

Compatible to industry standard ADC76, AD376,
AD1376

Internal sample-hold

Small 32-pin DIP

Low-power, 1.8 Watts

Samples to Nyquist

16 word FIFO memory

GENERAL DESCRIPTION

DATEL's ADS-976 is a 16-bit, 200 KHz sampling rate, func-
tionally complete A/D converter with an internal sample-
hold. The ADS-976 samples up to Nyquist with no missing
codes.

* e e o o

The internal FIFO can be either bypassed or utilized with full
(16 words) or half-full (8 words). The FIFO capability still al-
lows the ADS-976 to be compatible to the industry pin-out
versions for 16-bit parallel output applications.

Packaged in a small 32-pin DIP, power requirements are
+15 volts and +5 volts with a 1.8 Watts power dissipation.

ADS-976
16-bit, 200 KHz, Low-Power

Sampling A/D Converter

INPUT/OUTPUT CONNECTIONS

PIN | FUNCTION PIN | FUNCTION
1 BIT 1 OUT (MSB) | 32 | FIFO READ
2 (| BIT20UT 31 | START CONVERT
3 BIT 3 OUT 30 | +5V
4 | BIT40OUT 29 | GAIN ADJUST
5 | BIT50OUT 28 | +15V
6 | BIT6OUT 27 | OFFSET ADJUST
7 | BIT70UT 26 | BIPOLAR OFFSET
8 | BIT8OUT 25 | 10V
9 | BIT9OUT 24 | 20v _
10 | BIT100UT 23 | FIFO/DIR
11 | BIT110UT 22 | ANALOG GROUND
12 | BIT120UT 21 | -15V
13 | BIT130UT 20 | FSTAT2
14 | BIT 14 0UT 19 | DIGITAL GROUND
15 | BIT150UT 18 | EOC
16 | BIT 16 OUT (LSB)| 17 | FSTAT1

—
17 FSTAT1
DAC 20 FSTAT2
GAIN — _
ADJUST 29 123 FIFODIR
BIPOLAR WA REF T l (% FroReR
OFFSET — | L 1ol 1 BIT 10UT (MSB)
| 2 BT 20UT
R - |+ 3 BT 30UT
OFFSET OFFSET g | | .| 48T a0uT
ADJUST CIRCUIT S2 | 58T s0uT
L/ FLASH | .
ADC s |4 68T 60Ut
¥ st= T | | .7 8T 7out
/ g |- DIGITAL | ,| DIRECTor |~ 8 BIT 8OUT
CORRECTION FIFO |- 9 BIT 90UT
10V 25 1 LOGIC ™  OUTPUTS |—sj 108IT 100UT
20V 24 R -, | Jemitour
3 [ Jizemi20ur
G || ™ [ l13Bimi3our
N - | l14BiT1a0uT
A - L | J1s eimisout
LoGIC 16 BIT 16 (LSB
START CONTROL £ L ] 58)
CONV. =1 AnD ?
TIMING t 4
£0C 18| T t
30 19 28 22 21
+5V DIG. GND. +15V ANA.GND. 15V

For Immediate Assistance, Dial 1-800-233-2765
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Contact DATEL for up-to-date information on
products covered by "Advanced" and
"Preliminary" product data sheets.

Dial
1-800-233-2765
for
Applications Assistance
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A/D CONVERTERS

Resolution Conversion Linearity Power
Model (Bits) Time (psec) Error (Watts) Case Page
ADC-207 7 0.050 +1/2LSB 0.25 18-Pin DIP 2-1
ADC-228 8 0.040 +1/2LSB 1.25 24-Pin DIP 2-9
ADC-208 8 0.050 +3/4 LSB 0.60 24-Pin DIP 2-5
ADC-304 8 0.050 +1/2 LSB 0.39 28-Pin DIP 2-13
New ADC-530 12 0.350 +3/4 LSB 210 32-Pin DIP 2-33
ADC-500 12 0.500 +1LSB 1.70 32-Pin DIP 2-17
ADC-505 12 0.550 +1LSB 1.70 32-Pin DIP 2-17
ADC-508 12 0.700 +1LSB 1.70 32-Pin DIP 2-21
ADC-520 12 0.800 +1/2 LSB 1.60 32-Pin DIP 2-29
ADC-521 12 0.800 +1/2 LSB 1.60 32-Pin DIP 2-29
ADC-511 12 1.0 +3/4 LSB 1.25 24-Pin DIP 2-25
ADC-HZ12B 12 8 +1/2 LSB 1.5 32-Pin DIP 2-55
ADC-HX12B 12 20 +1/2 LSB 1.5 32-Pin DIP 2-55
ADC-HC12B 12 300 +1/2 LSB 0.17 32-Pin DIP 2-47
ADC-908 14 1.0 +1/2 LSB 2.70 32-Pin DIP 2-37
ADC-914 14 24 +1LSB 1.20 24-Pin DIP 2-41

~or Immediate Assistance, Dial 1-800-233-2765

CONVERTERS
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Contact DATEL for your
Data Acquisition component
needs.

Dial
1-800-233-2765
for
Applications Assistance

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



FEATURES

- 7-Bit flash A/D converter

« 20 MHz Sampling rate

« Low-power (250 mW)

« +5V dc Operation

+ 1.2 Micron CMOS

» 7-bit latched 3-state output with overflow bit
» Surface mount versions

« MIL-STD-883 versions

+ No missing codes

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 linearity -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 supply, and is conservatively rated for 20 MHz
operation. The ADC-207 allows using sampling 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.

ADC-207

7-Bit, 20 MSPS

CMOS

Flash A/D

! CLOCK H:'cwcx
"J GENERATOR

R/2

)
o]}

=l

DIGITAL
GROUND

ANALOG %
GROUND

n

Al
©
o

[

O

5]

O|

MIDPOINT
REFERENCE 12

1

BIT1
(MSB)

E{ 253
D

|
12] BIT2

e |
13 BIT3

m |
—Q_‘ fia]Bira

i

d

i

'

i
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128 +40Q

{ o ||

> 7

\ _| Jencooer

'

'

H
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'

I

5]
s BITS

16{ BITE

BIT7
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For Immediate Assistance, Dial 1-800-233-2765

MECHANICAL DIMENSIONS
0.250
+0.005
-~ TOP
0.050 Typ. (LCC Version)
— ’q_
?73;? 0.400 SQ,
+0.010
-0.005
—[l=— o020
00395109 10.005
.
017014.3) [I]ID]I[[D]]OJSO Max.
. e

!

16

10

INPUT/QUTPUT CONNECTIONS

DIP Lce
PINS FUNCTION PINS
1 CLOCK IN 1
2 DIGITAL GROUND 4
3 -REFERENCE 5
4 ANA/DIG INPUT 6
5 MIDPOINT 7
6 + REFERENCE 8
7 ANALOG GROUND 9
8 cst 11
9 cs2 12
10 OVERFLOW 13
1 BIT 1 (MSB) 14
12 BIT 2 16
13 BIT3 17
14 BIT 4 19
15 BITS 20
16 BIT6 21
17 BIT7 23
18 +VDD 24

2-1



ADC-207

FUNCTIONAL SPECIFICATIONS

(Typical at +5Vdc power, +25 deg. C, 20 MHz clock,

+Reference = 5V, —Reference = Ground, unless noted)

D O/ATEL

DESCRIPTION | min. Jrvpicac] max. T units
POWER REQUIREMENTS

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

ENVIRONMENTAL — MECHANICAL

Operating temp. range:

LC/MC Versions 0 — +70 °C
MM/LLM/883 Versions -55 — +125 °C
Storage temp. range -65 — +150 °C
Package type
DIP 18-pin hermetic sealed, ceramic DIP
LCC 24-pin hermetic sealed, ceramic LCC
Pin material 010 x 018 inch Kovar

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.See Figure 2
for typical connections.

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
AMPLE
AUTO SA%PLE AUTO S N+1 AUTO SA,\'IW +P2LE
ZERO ZERO ZERO

_/01\°2/°1\°2/°—1\L

DESCRIPTION [ min. JryPicaL] MAX. | uNiTs
ABSOLUTE MAXIMUM RATINGS
Power supply voltage -05 — +70 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 — +5.0 \)
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 — e
Logic “1” level 32 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
Convérsion 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 finearity at 25°C — +/-08 | +/-1 LSB
Adjustableovertemp.range| — +/-1.0 — LS8
Differential nonlinearity
at 25°C — +/-03 | +/-05 LsSB
Over temp. range — +/-04 | +/-06 LSB
Power supply rejection — 002 — Y%FSR/%Vs
2-2

N N DATA N N+1 DATA
foar] o]
17NS 17NS
MAX MAX

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



B O/ANEL

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 LSB (incl. OV)
0.00v Zero 0 0 0 0 0 0 O O 0 00
+0.04V +1LSB 0 0o 0 0 0 0 0 1 1 01
+1.28V +1/4 FS 0 o 1 0 0 0 0 O 32 20
+2.52V +1/2FS-1 LSB 0 o1t 1t 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 1t 0 0 0 0 O 1 65 4
+384V +3/4FS 0 1t 1 0 0 0 O O 96 60
+5.08V +FS 0 11 1t 1t 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.
+5V
CHIP SELECT
— e .
owE The 3-state buffer has two enable lines, CS1 and CS2. Table
LDCT' 2 shows the truth table for chip select signals. CS1 has the
Yo voof function of enabling/disabling bits 1 through 7. CS2 has the
oo g, function of enabling/disabling bits 1 through 7 and the overflow
L3 e as bit. Also a full-scale input produces all ones, including the over
“hum as| flow bit at the output.
o B4
Slrers A
o 2: Table 2. Chip Select Truth Table
8 GROUND
$—cs1 81 j——
S cs1 | cs2 Bits 1-7 Overflow Bit
0 0 3 State Mode 3 State Mode
v 1 0 3 State Mode 3 State Mode
0 1 DATA Outputed DATA Outputed
Figure 2. Typical Connections for Using the ADC-207 1 1 3 State Mode DATA Outputed
ORDERING INFORMATION
MODEL TEMP. PACKAGE
RANGE
ADC-207MC 0to +70°C 18-pin DIP
ADC-207MM -55 to +125 °C 18-pin DIP
ADC-207/883B -55t0 +125 °C 18-pin DIP
ADC-207LC 0to +125°C 24-pin LCC
ADC-207LM -55 to +125 °C 24-pin LCC
ADC-207L/883B -55 to +125 °C 24-pin LCC
ACCESSORIES
ADC-B207/208 Evaluation Board (without ADC-207)

For Immediate Assistance, Dial 1-800-233-2765
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D [OVAYNEL ot 20 Mps

Cmos Flash A/D

FEATURES

- 8-Bit flash A/D converter

20 MHz sampling rate

10 MHz full-power bandwidth
Sample-hold not required
Low power CMOS

+5V dc operation

1.2 Micron CMOS

e o o o o s o o o o

8-Bit latched three-state outputs with overflow bit X v x
Surface mount versions ADC-208 DIP ADC-208 LCC
MIL-STD-883B versions 0.060 0.250
No missing codes A4 way +0.005 +op
0190 (4.9) 0.050 (LCC Version)
GENERAL DESCRIPTION o109 | T 2l
The ADC-208 utilizes an advanced VLSI 1.2 micron CMOS in —“—~ 0.0;0-H‘— —’1 l-((’;-;;" 0.400 SQ,
providing 20 MHz sampling rates at 8-bits. The flexibility of the 0020 ¥ ' oo
design architecture and process delivers effective bit rates to (©5)
30 MHz in the burst mode, one shot mode conversion times of 0 _
35 nanoseconds, low power modes to 150 mW, latch-up free = li=— o020
. . . +0.005
operation without external components and operation over the }‘— (13?5;') ——’I ‘

full military temperature range.

moooocooooa Umm:m m
i 1 0.130 Max.
The ADC-208 has 256 auto-zeroing comparators which are 0610
' i 2° D  ADC-208 0500 i
auto-balanced on every conversion to cancel out any offsets (15,5) (12,7)
due to temperature and/or dynamic effects. These compara- " ! |
tors sample the difference between the analog input and the T T oo TTTE
reference voltages generated by the precision reference lad- °
der network. Parallel output data and the overflow pin have
Three-State outputs. The overflow pin allows cascading two 24
devices for 9-bit operation. YN
4 10
a2
vatoa ieur [57] Ire :2 {l GEREAMOR {zcrocx
A2 Hgt !
weserce - m _ H o> o
" . 1 ) o
w0 P G O
«merenence [ : Ho 9] b INPUT/OUTPUT CONNECTIONS
34 REFERE cE 0 & - ’ o (0 J
f ! <6 PIN | FUNCTION
! H-{o0 [Jer
H s 1 | vDD
256 || 2 CLOCK
— = e g 3 | -REFERENCE
REFERENCE : | |encooer| [le 4 | ANA/DIG GND (VSS)
S— T P : o H {59 o 5 | ANALOG INPUT
ence [20] b | 6 | REFERENCE MID-POINT
el . - 7 | ANALOG INPUT
' || 55 Fors 8 | ANA/DIG GND (VSS)
S : ° 5 9 | +REFERENCE

A
-REFERENCE fJee

2

o] [¢
o

T

© O
o
-
wn—=o

OVERFLOW BIT

Ga {00 BIT7
oINS . 2] 14 | BIT 1 (MSB)
[ROSTREY g Ll 6 [, 15 | BIT 2
I (se) 16 | BIT 3
;":“g GROUND = 18 | REF3/4 FS
ANALOG 19 VDD
anaioe 20 | REF1/4FS
e NP 2t
- > 23 BIT 7
24 | BIT 8 (LSB)

VDD
ST (OUTPUT ENABLE)
©S2 (OVERFLOW ENABLE)

For Immediate Assistance, Dial 1-800-233-2765
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ADC-208

ABSOLUTE MAXIMUM RATINGS

PERFORMANCE

D OVANEL

MIN. | TYP. | MAX.| UNITS

ESCRIPTI IMIT NIT Int. Lin. at +25°C

DESC ON LIMITS u S (See Tech._ Note 4)

Power Supply Voltage -0.510 +7.0 Vdc g}:ﬂ_‘ aﬂ;:sted) [ N LsB
(Voo Pin 1,10,19) Bestit Line -l - | s LSB

Digital Inputs -0.5t0 +5.5 Vdc B

Analog Input -0.51t0 +Vpp+0.5 Vdc Int. Lin. Over Temp.

Reference Inputs -0.5t0 +Vpp +0.5 Vdc (Ref. adjusted)

Digital Outputs -0.5t0 +5.5 Vdc Best-fit Line - | 12 +1 LSB
(short circuit protected Int. Lin. at +25 °C
to ground) (Ref. unadjusted)

Lead Temperature(10 sec)  +300 max. °C gzgt‘gi‘:'&‘ne - +“~;26 :{fg tgg

Storage Temperature -65 to +150 °C Int. Lin. Over Temp. - -

(Ref. unadjusted)

FUNCTIONAL SPECIFICATIONS End-point - | 23 | 26 LSB

Apply over the operating temperature range +5V, +0.25V Best-fit Line - | £18 | 20 LSB

power supplies, 15 MHz clock, +Reference = +5V, Zerch:al'%ﬂfffﬁ B LSB

—Reference = Ground, unless otherwise noted. (Code 0" to

transition)
Gain Error, +25 °C - +1 +1.75 LSB

ANALOG INPUTS MIN.| TYP.| MAX. UNITS Over temp. . | sis | s LSB

: " - Differential Gain - 2 - %

E:gﬁ: ?:::t’ bl:l::ge Differential Phase® - 1.1 - degree

dc-20 MHz 0 - +5.0 v Aperture Delay - 8 - nSec.

Analog Input ' Aperture Jitter - | s0 - pSec.

Capacitance Harmonic Distortion

(static - Pin 5 to Pin 7)® _ 10 _ pE (8 MHz 2nd prder Harm.) -40 -46 - dB

(dynamic- Pin 5 to Pin 7) - | e+ | - pF Ref. Bandwidth -] - MHz

Ref. Ladder (See Tech. Note 1)

Resistance _ 300 _ Ohms Power Supply Rej. - 1002 | 0.05 %FSR/%/Vs

Ref. input (Note 1) 05 — | Vpp 05 Vdc No Missing Codes Over the operating temperature range

DIGITAL INPUTS POWER REQUIREMENTS

Logic Levels Pwr. Supply Range (+Vop) +35| +5.0 | +55 Vdc
Logic 1 3.2 _ _ Vdc Pwr. Supply Current
Logic 0 _ _ 0.8 V de +25°C - +120 | +145 mA

Logic Loading ’ +125 °C - +100 | +125 mA
Logic 1 _ " +5 HA -55 °C - +135 | +160 mA
Logic 0 _ 1 +5 Pwr. Dissipation

N +25 °C - 660 725 mW

Clock Low Pulse Width 15 25 - nSec. 1125 5C B 550 690 mw

DIGITAL OUTPUTS -55°C - 745 880 mwW

Logic ,'-*31"9's s | 50 va PHYSICAL-ENVIRONMENTAL

ogic - = 8 C
Logic 0 _ _ 0.4 V de Oper. Temp. Range

Logic Loading MC/LC Grade 0 - +70 °C
Logic 1 4 _ _ mA MM/LM/883B 551 - | +125 °C
Logic 0 4 _ mA Storage Temp. Range -65 - +150 °C

. Package Types

2::": t,l::igi?‘t: g;l::c'l( 23‘;: (DIP) 24-pin hermetic sealed, ceramic DIP
99% probability 5 10 15 nSec. (LCC) 24-pin hermetic sealed, ceramic LCC
100% probability

+5255 oé: 1o +125 °C f 1_0 ig T\SSZ?: ® Maximum input impedance is a function of clock
i frequency.

g:;';’,'ﬂ,ion Straight Binary @ At full power input and chip selects enabled.

8 Bits ® For 10-step, 40 IRE NTSC ramp test.

PERFORMANCE

. TECHNICAL NOTES

Sampling Rate.® 15 | 20 - MSPS

gf'f'f' T_‘.""e' .Ba";""gsd‘!‘c L - MHz 1. The Reference ladder is floating with respect to Vpp and

(ISe.e "r?;:?l":\lyo?e :") may be referenced anywhere within the specified limits. AC
Code Transitions _ |+05 | +1.0 LSB modulation of the reference voltage may also be utilized; con-
Center of Codes ~ ls0025 | = LSB tact DATEL for further information.

Diff. Lin. Over Temp. ) . )
Code Transitions - |05 | 1.0 LSB 2. Clock Pulse Width - To improve performance when input
Center of Codes - |£0.25 - LSB 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

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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ADC-208

Table 1. ADC-208 Output Coding

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

0.00 V Zero 0 0000 0000 0 00

+0.02V | +1LSB 0 0000 0001 1 01

+1.28V | +1/4FS 0 0100 0000 64 40

+2.54V | +1/2FS-1LSB 0 o111 1111 127 7F

+2.56V | +1/2FS 0 1000 0000 128 80

+2.58V | +1/2 FS+1LSB 0 1000 0001 129 81

+3.84V | +3/4FS 0 1100 0000 192 Co
+5.10V | +FS 0 1111 1111 255 FF
+5.12V | Overflow 1 1111 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 proportionall:

(+REF = +5.12V, -REF = GND, 1/4,1/2, and 3/4 Reference FS = No Connection)

time period minimizes the amount the input voltage slews and pre-
vents the comparators from saturating.

3. The parallel output data and Overflow pin become available at
the three-state buffer output when enabled. A full-scale input produc-
es 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 enable signals.

4. 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 specification for products specified this
way.

5. The process that is used to fabricate the ADC-208 eliminates the
latchup phenomena that has plagued CMOS devices in the past. The
ADC-208 does not require external protection diodes.

CALIBRATION PROCEDURE

1. Connect the converter appropriately; a typical connection circuit
is shown in Figure 2. Then apply an appropriate clock input. The
ADC-208's reference input should be held to +0.1% accuracy or bet-
ter. Do not use the +5V power supply as a reference without preci-
sion regulation and high frequency decoupling capacitors.

2. Zero Adjustment

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

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 ad-
justment.

4. To confirm proper operation of the device, vary the precision refer-
ence voltage source to obtain the output coding listed in Table 1.

5. lIntegral Nonlinearity Adjustments

Provision is made for optional adjustment of Integral Nonlinearity
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 ad-
just the reference until the code flickers equally between 127 and 128
for a 5.12V Full Scale input.

For Immediate Assistance, Dial 1-800-233-2765

Table 2. Chip Select Truth Table

Cst

Cs2

Bits 1-8

Overflow Bit

Tri-State Mode
Tri-State Mode
DATA Outputted

Tri-State Mode
Tri-State Mode
DATA Outputted

—o—~0
w00

Tri-State Mode

DATA Outputted

+sV

’__‘ 4.7UF |
>__~{ I OWF

20MHz CLOCK

AUF JATUF] +

18] 1,10,19

2eix vOD|

4 JoisiTaL

$JcRouND gg}24
3 B8 |(LsB)
p—{ -REF

N 87 a7

D 86 86

+REF. B9 85

ANALOG B4, 84
GROUND

cs1 3 83
L2 cs2 s2l15 {75,

. B1 | (MSB)
T
ADC-208

BUFFER RECOMMENDED

Figure 2. ADC-208 Typical Connections

NOTES:

Tie all Vpp pins (1,10, & 19) together. Tie both Analog Input pins (5
& 7) together. Connect both ANA/DIG GNDs (VSS pins 4 & 8) to one
point, the ground plane beneath the converter.

SAMPLE
auTO SAMPLE 1o SAMPLE /) SAMPLE
ZERO ZERO ZERO
/[ o1 \wz/m\oz/T\L
M noata [ N+1DATA
fei e
15NS 15NS
MAX MAX
Timing Diagram
27



ADC-208

LOW POWER MODES
Power Supply Aspect of Power Dissipation

Reduction of the Voo power supply of the ADC-208 results in
lower power dissipation. Refer to the curve of Figure 3 for
power dissipation as a function of Vpp.  The limiting factor is
Voo must be greater than the TTL or CMOS output levels. In-
terfacing to standard logic families presents little problem as
the output drivers go to Vpp for a high state and to VSS for a
low state.

BURST MODE

Applications can utilize an inherent system clock up to 30 MHz
in the burst mode. The system clock can generate a one shot
for a single conversion without requiring generation of a separ-
ate clock at a lower frequency.

N DATA
AUTOZERO  AUTOZERO

HI POWER HIGH
LO POWER cLock
LoW
SAMPLE SAMPLE SAMPLE

N

Figure 4. Burst Mode for Low Power
Ibp (MA)
200 1
175
150
125
100 1+

75

2.0 25 3.0 3.5 4.0 45 5.0 55 6.0
Vpp(VOLTS)

Figure 3. Power Dissipation Versus Vpp

Figure 5 shows power dissipation as a function of burst rate
and repitition rate. Applications not requiring continuous con-
versions can give a double clock pulse, the clock returning
low between conversions to reduce power dissipation. Power
dissipation is essentially eliminated when the clock and signal
input are turned off.

Figure 6 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

2-8 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

to the Auto-zero mode. Data is valid 15 nanoseconds after the
clock goes high, eliminating the pipeline delay.

Too(mA)

80maA -

70mA ®.20MH; BURST RATE
-3u MHz BUHST RATE

40ma

©-BURST RATE = 35 MH;

a-BURST RATE = 25 MH;  19MHz
X-15 MHz BURST RATE

WF rep
LATCH VALID
DATA

1IF gunst

+ + ~+-
01 05 1MHz  2MH;  3MH;  4MH;  SMH;  6MH;

REPITITION RATE

Figure 5. Power Dissipation vs. Burst Rate vs.

POWER

DISSIPATION

800 mw 4

700 MW+

600 mw

500 MWt

400 mw +

300 mw 1

200 mW

Repetition Rate

25 n Sec.

AUTO-ZERO I 25n Sec. SAMPLE

—_

100 mW +

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

CLOCK DUTY CYCLE

Figure 6. 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 °C to +125 °C 24-pin DIP
ADC-208/883B -55°C to +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°C to +125°C 24-pin LCC
ACCESSORIES
ADC-B207/208 Evaluation Board (without ADC-208)




ADC-228
8-Bit, 20 MSPS
Complete A/D Converter

FEATURES

8-Bit Flash A/D converter

* 20 MHz Sampling rate

- Complete support circuitry

« Low power, 1.5W

10 MHz Full power bandwidth
Sample-hold not required
Three-state outputs
MIL-STD-883B versions

GENERAL DESCRIPTION

The ADC-228 combines analog front-end circuitry and a flash
A/D converter to digitize high speed analog signals at a 20
mega samples per second rate. The ADC-228 contains an 8-
bit, 20 MHz, flash A/D, a wideband analog input buffer, a preci-
sion voltage reference, temperature compensation circuitry,
reference trims, and a three-state output buffer in a 24-pin
package.

The ADC-228 offers significant savings by combining all of the
circuitry in a single package. Valuable board real estate is
saved, and design time and manufacturing costs are reduced
to achieve these savings.

The ADC-228 is housed in a 24-pin hermetically sealed pack-
age and is available in the commercial, 0 to.+70 °C, and mili-
tary, -565 to +125 °C, temperature ranges. Operation is from
+15V and +5V dc power supplies.

INPUT/OUTPUT CONNECTIONS

PIN | FUNCTION PIN | FUNCTION
1 | +5V POWER IN 24 |BIT8
2 | GROUND 23 |BIT7
3 [ +5V REF 22 | BIT6
4 | GROUND 21 | BITS
5 | ANALOG INPUT 20 | NC
6 | GROUND 19 | +15V POWER IN
7 | GROUND 18 | CLOCK INPUT
8 | NLINV 17 | BIT4
9 | NLINV 16 | BIT3
10 | -15V POWER IN 15 | BIT2
11 | CSi 14 | BIT 41 (MSB)
12 | cst 13 [ NC

Cst 11

CSt 12

NLINV 8

NMINV 9

CLOCK 18
VIN 5 Input

Linearization
and Temp.
Compensation

+15v 19 1
GND 2

L]

Network

8-Bit
20 MHz
Flash
Converter

Tri-State

Buffer

GND 4 |
GND 7
GND 6

R

asv 10 T

+5V 1 —

Voltage
Network

For Immediate Assistance, Dial 1-800-233-2765

13
20
14
15
16
17
21
22
23
24

N.C.
N.C.

B1

B2

B3

B4

B5

B6

B7

B8 (LSB)

3 REF. OUT +5V dc
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ADC-228

ABSOLUTE MAXIMUM RATINGS

DESCRIPTION PARAMETERS
Power Supply Voltage -0.5t0+7.0 Vdc
(VoD Pin 1)
Vce (Pin 19) -0.3to +18.0V dc
Vee (Pin 10) +0.3t0-18.0V dc
Digital Inputs -0.5t0 +5.5 Vdc
(Pins 8,9,11,12,18)
Analog Input -0.5 to +Vdd+0.5 V dc
(Pin 5)
Digital Outputs -0.5t0 +5.5V dc
(short circuit protected to
ground)
Lead Temp. (10 sec) +300 °C
Storage Temperature -65to +150 °C

FUNCTIONAL SPECIFICATIONS

Apply over the operating temperature range and £15V dc
and +5V dc power supply voltages unless otherwise speci-

fied (20 MHz clock).

PERFORMANCE CON'T. MIN TYP MAX | UNITS
Integral Linearity +25 °C

End-point - - +05 [ LSB

Best-fit Line - - 05 | LSB

Over temperature

End-point - - +1.0 | LSB

Best-it Line - - +0.75 | LSB
Zero-Scale Offset

(Code "0" to "1" Transition)

{+25 °C) - - +05 | LSB

(-55 10 +125 °C) - +0.5 +1.0 | LSB
Gain error - 0.5 +1.0 | LSB
Full Scale Absolute Accuracy - +05 +1.0 | LSB
Differential Gain (2) - 2 - %
Differential Phase (2) - 1 - deg.
Aperture Delay 5 - +10 | nSec.
Aperture Jitter - 50 - pSec.
No Missing Codes Over the operating temperature range
Power Supply Rejection 0.02 %FSR/%/Vs Maximum
DYNAMIC PERFORMANCE
Total Harm. Distort.,-0.5dB

DC to 2.5 MHz -53 -55 - FS, -dB

2.5 MHz to 5 MHz -48 -50 - FS,-dB

5 MHz to 10 MHz -36 -39 - FS, -dB
Signal-to-Noise Ratio

and Distortion,-0.5dB

DC t0 2.5 MHz -45 -48 - FS,-dB

2.5 MHz to 5 MHz -44 -46 - FS,-dB

5MHz to 10 MHz -35 -39 - FS, -dB
Signal-to-Noise Ratio

wio Distortion,-0.5 dB

DCto 2.5 MHz -52 -55 - FS,-dB

2.5 MHz to 5 MHz 52 -55 - FS,-dB

5 MHz to 10 MHz 52 -55 - FS,-dB
Effective Bits,-0.5dB

DCto 2.5 MHz 75 7.75 - Bits

2.5 MHz to 5 MHz 7.25 75 - Bits

5MHz to 10 MHz 6.75 7 - Bits
Input Bandwidth

Full Power Bandwidth (0Db) 10 - ~- MHz

Small Signal (-20dB) 20 - - MHz
POWER SUPPLY
Power Supply Range

+15V dc Supply +11 +15 +15.75 | Volts

-15V de Supply -1 -15 -15.75 | Volts

+5V dc Supply 475 +5 +5.25 | Volts
Power Supply Current

+15V Supply - - +30 | mA

-15V Supply - - +10 | mA

+5V Supply - - +230 | mA
Power Dissipation

+12V, +5V Nominal - 1.4 16 | W

Over full supply range - 1.5 175 | W

PHYSICAL-ENVIRONMENTAL

DESCRIPTION | ww [rve [ max [uns
ANALOG INPUTS :
Single-Ended, Non-Isolated
Input Range dc-20 MHz 0 - +5.0 | Volts
Analog Input Resistance 245 25 255 |Kohm
Analog Input Capacitance - 5 - pF
DIGITAL INPUTS
Logic Levels
Logic 1 20 - - Vde
Logic 0 - - 08 |Vdc
Logic Loading
Logic 1 - - 160 | pA
Logic 0 - - -0.5 mA
Clock Low Pulse Widths
"high" 15 - - nSec.
“low" 15 - - nSec.
DIGITAL OUTPUTS
Coding straight bin., comp. bin. two's comp.,
comp. two's comp.
Resolution 8 Bits
Logic Levels
Logic 1 24 - - Vdc
Logic 0 - - 055 |Vdc
Logic Loading
Logic 1 - - 05 |mA
Logic 0 - - 4 mA
Qutput Data Valid Delay
From Rising Edge - 30 40 nSec.
Output Hold Time 5 - - nSec.
PERFORMANCE
Sampling Rate (1) 20 - - MSPS
Differential Linearity
(See Tech Note 4)
(code transitions) - - +05 |LSB
(center of codes) - - +0.25 |LSB

Operating Temp. Range
MC

0t0+70 °C
MM/883B -55t0 +125 °C
Storage Temp. Range -65 to +150 °C
Package Types (DIP) 24-pin hermetic sealed, ceramic DIP
NOTES

1. At full power input and chip selects enabled.
2. For 10-step, 40 IRE NTSC ramp test

2-10 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. Rated performance requires using good high frequency 74HC86 CLOCK

techniques. The analog and digital grounds are connected CLOCK ouT
internally. Avoid ground related problems by connecting the
grounds to one point, the ground plane beneath the convert- N 2500
er. Due to the inductance and resistance of the power sup- O—
T

ply return paths, return the analog and digital ground separ-
ately to the power supplies. =
- 100 pF
2. Bypass all the analog and digital supplies and the + refer-

ence (pin 3) to ground with a 4.7 pF, 25V tantalum electro-

lytic capacitor in parallel with a 0.1 uF ceramic capacitor. 50 nSec

3. DATEL uses the conservative definitions when specifying In-
tegral 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. —J—[_ 25 nSec. PULSES

4. Single conversions (one-shot mode) would require another

clock edge to read out data. Users desiring to provide just a DATA N SAMPLED '
single clock pulse could use the circuit shown in Figure 2 to DATAN
obtain the data. VALID

| < 40nsEC. —

Figure 2. Single Clock Pulse Circuit and Operation

* Use optional resistor only if +5V dc -15V dc
op-amp is not used to drive input. 0.1 uF Q Q 0.1 uF
R=VEE/1.667 mA I_"’ ‘H
4.7 uF __—_‘
5-—'—4 F;"1 10 47 pF 1T
NLINV 8 14 B1 (MSB)
115 o po
NMINV 16 B3
° 7 gy
cst 11 21
— ADC-228 op B2
cst 12 0y 26
— —*>=B7
CLOCK 18 24w B3 (LSB)
13,20
ANALOG VIN_5 3 NC
INPUT +5V REF. OUT
19 2,467
oK N 0.1 pF
*Optional 0.1 uF
4.7 pF
T et
1 |
4.7 yF
+15Vdc ¢ W V

Figure 3. ADC-228 Typical Connections

For Immediate Assistance, Dial 1-800-233-2765 2-11
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Table 1. ADC-228 Unipolar Output Coding

Table 2. ADC-228 Bipolar Output Coding

(Assumes analog input is externally offset)

ANALOG CODE STRAIGHT BIN. | COMP. BIN. ANALOG | CODE TWO'S COMP.
INPUT NMINV=0 NMINV=1 INPUT COMP. | TWO'S COMP.
NLINV=0 NLINV=1 NMINV=1 NMINV=0
NLINV=0 NLINV=1
+4.96V +FS-1 LSB 1111 1110 0000 0001
+3.75V +3/4 FS 1100 0000 0011 1111 +2.480V +FS-1LSB | 01111111 1000 0000
+2.50V +1/2FS 1000 0000 0111 1111 +1.250V +1/2 FS 0100 0000 1011 1111
+1.25V +1/4 FS 0100 0000 1011 1111 +0.020V +1LSB 0000 0001 1111 1110
+0.02V +1LSB 0000 0001 1111 1110 +0.000V ZERO 0000 0000 1111 1111
0.00V ZERO 0000 0000 1111 1111 -1.250V -1/2 FS 1100 0000 0011 1111
-2.480V -FS+1LSB 1000 0001 0111 1110
-2.500V -FS 1000 0000 0111 1111
Table 3. Chip Select Truth Table
CSt1 CS1 Bits 1-8
Pin12 | Pin11
0 0 Three State Mode
0 1 Three State Mode
1 0 Data Outputted
1 1 Three State Mode
CLOCK SAMPLE SAMPLE \ | SAMPLE
\ N : N+1 N+2
I |
! E OUTPUT A:
DIGITAL : i - T
r y DATA |
A G
— |-— !
OUTPUT
HOLD TIME
Figure 4. ADC-228 Timing Diagram
ORDERING INFORMATION
MODEL TEMP. RANGE PACKAGE
ADC-228MC 0to +70 °C 24-pin DIP
ADC-228MM -55to +125 °C 24-pin DIP
ADC-228/883B -55to +125 °C 24-pin DIP
Receptacle for PC board mounting can be ordered
through AMP Inc., part # 3-331272-8 (component lead
socket), 24 required.

2-12 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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ADC-304
8-Bit, 20 MHz

Low-Power, Flash A/D

FEATURES

- 8-Bit resolution

« 112 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

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 input range of +3 to +5V, eliminating the
need for an additional power supply. A 0 to -2 V input range
is available with +5V supply operation.

Another novel feature of the ADC-304 is its user-selectable
output 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 complementary two’s complement coding.

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

ou s
O
j —— DY+
U =1 T =
- -
% & s
§ -FJ & 3 mE ®
Sx(¢] o w
23 9 u
Wi z = ‘2 — sav
5 - H g 5
@ @ — —
CONNECTION s (¢ = - g Q-
e 2 | {5
x )
i # N ' -
a ]
NO, - oG
CONNECTION ano
1
— tJ L
A 1 Baa
GND 1 <
! LATCH !
Ay 0 gk, =) 83
Ry, B2
o1
“""Y (]

For Immediate Assistance, Dial 1-800-233-2765

MECHANICAL DIMENSIONS
INCHES
(mm) g gq 400 w 0.009 * 900
(366 * 04 051750, (025255
—ol o (132193

28 15
nonnnononnonnn

of o

' 01 IT: s ;
(254) (15.24) |

002 + 0004

055+ 09) —{—

002

005 + 0006~
(13 £ 0.15)

(005 min)

- J\ 01477 * 05

L (@575
0.13

(3.4 min)

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 | CLOCK INPUT !
4 | BIT4OUT 18 | VRT
5 | DIG GND 19 | ANA GND
6 | +5V POWER (Vcc) 20 | NO CONNECTION
7 | -5.2VPOWER(VEe) | 21 | ANAIN
8 | -5.2VPOWER(VEE) | 22 | NOCONNECTION
9 | -5.2VPOWER(VEE) | 23 | ANAIN

10 | +5VPOWER (Vcc) 24 | NO CONNECTION

11 | DIGGND 25 | ANAGND

12 | LINV 26 | VRs

13 | BIT50UT 27 | VRm

14 | BIT6OUT 28 | MINV

2-13
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ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)
Supply Voltage | Vcc-GND Oto +6 "
Vee-GND Oto -6 \'J
Input Voltage | Vin
(analog) (Dual Power Supply) | Vee to ANAGND +0.3 |V
Input Voltage | VRT, VRs, VRM
(reference) (Dual Power Supply) | VEe to ANAGND +03 |V
| VRT—VRS | 25 Vv
Input Current  |IVRm -30to +30 mA
Input Voltage |Digital Inputs -05toVce \

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

Ta = 25°C
DESCRIPTION [ mn. | v | max. | units
Inputs
Analog
InputRange ............... VRs VRT Vv
Input Capacitance .......... - 30 35 pF
Input Bias Current . ......... - 50 100 uA
Offset Voltage:

(VRT) ... 8 13 19 mv

(VRB) ... 0 5 1 mv
Digital
Logic Levels:

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

Logic“0™ . ............... - - 08 \"
Logic Input Currents :

Logic“1” ................ - -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” ................ 2.7 34 - \"

Logic“0” . ............... - - 05 \'J
Logic Level Loading:

Logic “1" ... ... ... ... - -500 - uA

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

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

(TDHL). ................. - 26 35 nSec.

2-14 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356

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 VRs (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 equalto —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 Rate' .. ......... 20 - - MHz 6. The analog input signal is sampled on
Non-Linearity .............. - - +1/2 LSB the positive-going edge of CLK. Cor-
Differential Non-Linearity . . . . . - - +1/2 LSB responding digital data appears at the
Differential Gain Error2. . ... .. - - 15 % output on the negative-going edge of
Differential Phase Error2 .. ... - - 05 Degrees the CLK pulse after asmall delay of 35
ApertureDelay. . ............ 5 7 9 nSec. nSec. maximum (TDLH, TDHL).
Aperture Jitter . . . ........... - 30 - pSec. Refer to the Timing diagram, Figure 4,
Clock pulse width: Tpw1 ... .. 35 - - nSec. for more information.
i TowO ... 10 ) - nSec. 7. Connect all free pins to ANA GND
Reference Pin Current . ... ... - 15 18 mA (pins 19 and 25) to reduce unwanted
Reference Resistance - 130 - ohms noise.
(VRT to VRB)
Reference Input (Dual Supply) The analog input range is equal to a
VRT) ..o -0.1 0 +0.1 \ 2V spread. The voltage on VRT-VR8
(VRB) ........cooiiinn.. -1.8 -20 -22 \ will equal 2V. The connection of VRT
and ANA GND is 2V higher than VRs.
Pc:)wer Supply Requirements Whether using a single or dual power
Single Power Supply supply, the analog input will range
Supply voltage from the value of VRT to VR. If VAT
Vee) oo 4.75 - 525 \" equals +5V, then VR will equal +3V
(VEE) ... ; 0 - v and the analog input range will be
Supply Current: from +51t0 +3V.
(ICC+IEE).............. - bl 88 mA
Power Dissipation .. ......... - 360 442 mw SINGLE SUPPLY
Dual Power Supply OPERATION ADC-304
Supply Voltage:
(Vee) oo 4.75 50 5.25 \"
(VEE) ... -4.75 -5.2 -55 \"
Supply Current (25) anacno
ICC) .. - 10 14 mA
(EE) ... . - 62 75 mA
Power Dissipation. . ......... - 390 440 mwW
Physical/Environmental
Operating Temperature.. . . . . .. -20 - +75 °C
Storage Temperature ........ -55 - +150 °C
1. fin=1KHz, ramp 4 27) VARM
2. NTSC 40 IRE-modulated ramp, Fc = 14.3 MSPS
2.:)1
N T
Analog Input - N+ 2
TPWO o=
TPW1 -
DUAL SUPPLY
OPERATION ADC-304

Clock N e

| It | L |
Comparator
Output @ mei W L‘—4 25) ANA GND
} l | |
6-8it Latch Output 1 X : 1 i
T + T
| | | | |
} — [ 1 L
Data Qutpur , Noaavaid | Y | N Datavaid, X N+ 1 Daevaie
T L) T T T T T
| —={LH | = | [
| o | | [
I I 35 nselc ' ' 35 nselc l
! = =5
| | [ ] [
Figure 2: ADC-304 Timing Diagram Figure 3: Improving Linearity

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

Straight Complement 2's 2's Complement

Binary Compl Compl Binary
. MINV 0 0 1 1
Scale LINV 0 1 0 1
+FS -1LSB{ +4.9922Vv ERRRRRRN] 10000000 01111111 00000000
+7% FS +4.7500V 11011111 10100000 01011111 00100000
+% FS +4.5000V 10111111 11000000 00111111 01000000
+12 FS +4.0000V 01111111 00000000 11111111 10000000
+ % FS +3.5000V 00111111 01000000 10111111 11000000
+%FS +3.2500V 00011111 00100000 11011111 11100000
+1LSB +3.0078V 00000001 01111110 10000001 11111110
Zero +3.0000V 00000000 01111111 10000000 ERRRRRERAI

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

Straight Complement 2’'s 2’'s Complement
Binary C Comp Binary
Uniool MINV 0 ) 1 1
Scale LINV 0 1 0 1
0 ov 111111 10000000 01111111 00000000
-1LSB -7.813mV 11111110 10000001 01111110 00000001
-%FS -250.00mV | 11011111 10100000 01011111 00100000
-~V FS -500.00mV | 10111111 11000000 00111111 01000000
-2 FS -1.0vV 01111111 00000000 11111111 10000000
-%FS -1.5V 00111111 01000000 10111111 11000000
-7 FS -1.75V 00011111 00100000 11011111 11100000
-FS + 1LSB{ -1.9922V 00000000 01111111 10000000 ARRRRRAAI
APPLICATION CIRCUITS
+sv Y sy
oo | R LLLPY PPN 1) Bit 1 (MSB) MiNv (26) M
o Bit 20—t 2)8u2 VAm (27)
813 O F—————0+3V YT Y S—— 3)Bu3 VRs (26) -
B 40— [Py S— @)Bue ANA GND (29)
) DIG GND NC.(24)
| Ve 6) +sv ANAIN(23 LY
Analog input ADC-304 f
9 inpu N sov e D Analog input
+5t0 +3V Oto —2V
(TTL level) (TTL level) 8) -sav ANAINGY
LINV LiNV 9) -5V NC. (20)
L L_< 10) +5v ANAGND(19)
11) DIG GND VRr (18)
CLK
° L 12) LNy ok (i7 [,
(TTL level)
Bt Bis 13) Bus ws8Bits (76 (TTL level
Bit6 Bité 14)Bit6 Be7(1s,
Bi7 Bn7
Biné ] B8 (LsB)
.
= v = v
-3V
Figure 5: Connections for +5V Figure 6: Connections for +5V
Power Supply Operation Power Supply Operation
ORDERING INFORMATION

MODEL  DESCRIPTION
ADC-304  8-bit, 20 MHZ, Low-power, flash A/D
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12-Bit, Ultra-Fast, Low-Power
A/D Converters

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

« No missing codes
*1—1.101 MAX
(280) +

0.190 (4,9) MAX

GENERAL DESCRIPTION I __T_

DATEL's ADC-500 and ADC-505 are 12-bit analog-to-digital 0150 (38) MIN 0010 x 0018 Kovar
converters which have small initial errors and can also
provide adjustment capability for system errors. Both
models have identical specifications 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 conversion in less than 500
nanoseconds. Figure 1 is a simplified block diagram
applicable to both devices.

]
: MECHANICAL DIMENSIONS
' INCHES (mm)
' 1.712 MAX
] (435)

BOTTOM 1 15 spaces

VIEW : at 0.100 each

' (25) NOTE: Pins have 0.025 inch, +0.01
]
'
1
'
'
1

'
'
1
1
'
]
1
'
]
)
] stand off from case
]
'
'
)
1

Manufactured using thick-film and thin-film hybrid

technology, these converters’ remarkable performances are ! 32

0.100

-0

based upon a digitally-corrected subranging architecture. 100
DATEL further enhances this technology by using a l<—°-900—+—('2v5)
proprietary custom chip and unique laser trimming
schemes. The ADC-500 and ADC-505 are packaged in a

(229)

; ; INPUT/OUTPUT
32-pin ceramic DIP and consume 1.6 watts. CONNECTIONS
PIN SIGNAL NAME
1 +10V REF
2 RANGE
3 INPUT HIGH
4 INPUT LOW
5 OFFSET ADJUST
6 NO CONNECTION
7 COMP BIN
8 OVERFLOW
9 ENABLE (612)
10 ENABLE (1-5. O.F)
1 +5V
2 DIGITAL GROUND
rowst & — 13 +15V
covaee (@ l 14 -1V
15 -5V
- o 1w
OFFSET OFFSET
st & " —1 20) a3 SIH(
" ] D one 8 | EoC
ot G -~ D v I
o C o sme D o 21 BIT 10
conmerion | —p]  outer D o
eyt Losic REGISTER 22 BIT9
> L 1 ) ore 23 BIT8
—> D oo 24 BIT7
= - D are 25 BIT6
L - ) arn 2 BITS
ven onthc 27 BIT4
ConveRT CONTROL
&x TG f ? b 12058 28 BIT3
l T — 29 BIT2
S CONTROL ENABLE (6121
O owsmion 3? g'll'l:?‘l('%%ar\:\/ERT
© © © © © © 9] 32 GAIN ADJUST
e o6 o0 ,v e awn 6ho e wocommecrion

For Immediate Assistance, Dial 1-800-233-2765 2-17
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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 PERFORMANCE (cont.)
cénjunctipn with the ADC_-500. This feature allows the s.ample-and- DESCRIPTION MIN. TYP. MAX. UNITS
hold device to go back into the sample mode a minimum of 30
nanoseconds before the conversion is complete, improving the U“ip°éa’cz°’° Error, _ +1 3 LsB
overall conversion rate of the system. Unipolar Zero Tempco ..| — £13 £25 ppm/°C
Bipolar Zero Error,
+25°C............. - +1 +3 LSB
ABSOLUTE MAXIMUM RATINGS B!polar Zero Tempco ...| — +13 +25 ppm/°C
Parameters "~ MINIMUM MAXIMUM UNITS Bipolar Offset Error,

+15VSupply (Pin13)... 0 +18 Volts dc H25°C ... ... - %2 t5 LsB

~15V Supfvly (Pin 14) 0 -18 Volts dc Bipolar Offset Error

+5VSupply (Pin11).... -05 +7 Volts dc Tempco ............ — %175 £35 ppm/°C

-5V Supply (Pin15).... +05 -7 Volts dc Gain Error, +25°C ..... - +2 +5 LsB

Digital Inputs Gain Terppco' .......... _— +17.5 +35 ppm/°C

Pins7,9,10&31) ... -03 +6 Volts dc Conversion Times:
Anslog Input (Pin3) ... -15 +15 Volts dc ADC 500, 500
L el (1 . o | ] #2°C ........... — —_ nsec.
ead temp. (10 sec) 800 c 0°Cto +70°C ... . - = s nsec.
-55°C to +125°C 560 nsec.
ADC-505 0
FUNCTIONAL SPECIFICATIONS +25°C ........... - - 55 nsec.
0°Cto +70°C ..... - - o nsec.
Apply over the operating temperature range and at +15V dc -55°Cto +125°C.. see.
and +5V dc unless otherwise specified. Harm. Distort. (-FS) ®
+25°C -72 dB min.
0to +70 °C -72 dB min.

DESCRIPTION MIN.  TYP. MAX. UNITS 55 10 +125 °C -65 dB min.

INPUTS ) N(z Mlgsm)g‘ Codes ..... Over the Operating Temp. Range

Input Voltage Range...| — Oto +10 — Volts dc POWER SUPPLY REQUIREMENTS
(See Tech. Note9) | — Oto «rb 20 — xolts dc

A ) = +1 - olts dc Power Supply Range:
Logic Levels: Logic 1 . .| 2.0 - - Voits de +15V dgpsﬁpplyg. ....|+1425 +15 41575  Volts dc
LogicO ..| — - 08 Volts dc —-15Vdc Suprly ..... -1425 -15 -1575  Volts dc
Logic Loading: Loglc 1 — - 25 A +5Vdc Supply ...... +475 +5  +5.25 Volts dc
Logic0 | — - -100 pA -5Vdc Supply ...... -475 -5 -525 Volts dc
Power Supply Current:

OUTPUTS +15VSupply ........ — +23 +30 mA

~15VSupply ........ — -1 -15 mA

Output Coding: +5V Supply* ........ — +55 +90 mA
(Pin7 High) ........ straight binary/offset binary -5VSupply......... - -175  -210 mA
(Pin7Low) ........ complementary binary Power Dissipation......| — 1.6 1.8 Watts -

complementary offset binary Power Supply Rejection .| — — 0.01 %FSR/%V

Logic Levels: ng:g:, 24 = oa vols do PHYSICAL/ENVIRONMENTAL

Logic Loading: Loglc 1| — — - 160 A

Logic0 | — — 6.4 mA Operatmg Temp. Range:

Internal Reference: BMC ............. 0 — +70 °C
Voltage, +25°C ....[9.98 10.0 10.02 Volts dc -BMM ............. -55 — +125 °C
Drift .............. — +5 +30 ppm/°C Storage Temperature :

External Current ....| — — 1.5 mA Range.............. -65 — +150 °C
Package Type ......... 32-pin hermetic sealed, ceramic DIP
PERFORMANCE Pins ................. 0.010 x 0.018 inch Kovar
Weight ............... 0.42 ounces (12) grams
Integral Nonlinearity: -
5°C . .t — — +0.0125 %FSR +1% LSB | *+5V power usage at 1TTL logic loading per data output bit.
0 o .
°_ 505‘3‘:*;07‘1 e | = = x001%5 %rSR "2 LB | @ With DATEL sample and hold model number SHM-45.

IntegralNonlin. Tempco. | — +3 T 48 ppm/°C

Differential Nonlinearity| TECHNICAL NOTES
+°25° (LR REERRR — — +0.0125 %FSR +'2 LSB
e 0 e | = = £00125 %6FSR +%2 LSB 1 1.Use external potentiometers to remove system errors o the

Differential Nonlin. 0 ? = small initial errors to zero. Use a 20K trimming potentiometer for
Tempco........... — — +25 ppm/°C gain adjustment with the wiper tied to pin 32 (ground pin 32 for

Full-Scale Absol. operation without adjustments). Use a 20K trimming potentiome-
Accu:acy ter with the wiper tied to pin 5 for zero/offset adjustment (leave
o+°%:5t:4'- Joec fg k; 184 ‘Egg pin 5 open for operation without adjustment).

-55°Cto +125°C ..| — +8 + . _—
o+ * +29 Lse 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 connect-
ing the digital and analog grounds to one point, the ground plane
beneath the converter. Due to the inductance and resistance of
the power supply return paths, return the analog and digital
ground separately to the power supplies.
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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 ca-
pacitor in parallel with a 0.1 pF 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 tying COMP
BIN (pin 7) to +5V dc or leaving it open. The device has an inter-
nal 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 func-
tion.

5. An overflow signal, pin 8, indicates when analog input signals are
below or above the desired full-scale range. To overflow pin also
has a three-state output and is enabled by pin 10 (Enable bits 1-5
& O.F.).

6. The Sample/Hold control signal, pin 17, goes low following the
rising edge of START CONVERT pulse and high 30 nanosec-
onds minimum before EOC goes low. This indicates that the
converter can accept a new analog input.

7. The drive requirements of the ADC-500/505 may be satisfied with
a wide-bandwidth, low output impeance 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

ADC-500, ADC-505

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.

9. Requirements for £2.5V inputs can be satisfied using DATEL's
AM-1435 amplifier in front of the SHM-45/ADC-500 configuration,
shown in Figure 3, 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 applies over the operating temperature range and
over the operating power supply range. These times are guaran-
teed by design.

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 3. ZERO AND GAIN ADJUST

FSR ZERO ADJUST GAIN ADJUST
+1/2LSB +FS-11/2LSB
0to +10V dc +1.22mV +9.9963V dc
0 to +20V dc +2.44 mV +19.9927V dc
+10Vdc +2.44 mV +9.9927V dc

ANALOG 150 nSec
INPUT l' ™ MiNIMUM

SETTLING
TIME

START

|
CONVERT T
'

_._t.-.

N ‘l'—]‘ 105nSec MINIMUM (when used with SHM-45)
I—— 100 nSec HOLD MODE SETTLING TIME

200nSec ACQUISITION TIME

NOTE NOT DRAWN TO SCALE

CONVERSION TIME

MAXIMUM

EOC

[
20nSec MINIMUM
35nSec MAXIMUM
3 10nSec MINIMUM
25nSec MAXIMUM

_— I

. S

Tf"

30nSec
MINIMUM

:

350 nSec

MINIMUM

25 nSec
| MINIMUM
|

OUTPUT DATA

DATA N-1 VALID

W DATA N VALID

ENABLED DATA N-1 VALID

(BITS 1-5.0F)

NABLED DATAN

10 nSec. VALID

MAXIMUM

F;

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

ENABLED DATA N
10 nSec
MAXIMUM l = VAUD

INVALID DATA &

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

For Immediate Assistance, Dial 1-800-233-2765
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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 reference source per Table 3. For unipolar,
adjust the zero trimming potentiometer so that the output code

flickers egually 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.

. Full-Scale Adjustment - Set the output of the voltage reference

used in step 2 to the value shown in Table 3. Adjust the gain
trimming potentiometer so that the output code flickers equally
between 1111 1111 1110and 1111 1111 1111 for COMP BIN
(pin 7) 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

reference voltage source to obtain the output coding listed in
Table 4.

TABLE 4. OUTPUT CODING
STRAIGHT = BIN. COMP. BINARY

INPUT RANGES, V dc

UNIPOLAR OUTPUT CODING INPUT RANGE| BIPOLAR
SCALE 0to +10V | Oto +20V { MSB LSB | MSB LSB +10V dc SCALE
+FS-1LSB | +9.9976V | +19.9951V {1111 1111 1111 | 0000 0000 0000 +9.9951V +FS -1 LSB
7/8 FS +8.7500V | +17.500V | 1110 0000 0000 { 0001 1111 1111 +7.5000V +3/4 FS
3/4 FS +7.5000V | +15.000V | 1100 0000 0000 | 0011 1111 1111 +5.0000V +1/2 FS
12 FS +5.0000V | +10.000V | 1000 0000 0000 | 0111 1111 1111 0.0000V 0
1/4 FS 2.5000V | +5.0000V | 0100 0000 0000 | 1011 1111 1111 -5.0000V -1/2 FS
1/8 FS 1.2500V | +2.5000V | 0010 0000 0000 | 1101 1111 1111 -7.5000V -3/4 FS
1LSB 0.0024V | +0.0049V | 0000 0000 0001 | 1111 1111 1110 -9.9951V -FS +1LSB
0 0.0000V 0.0000V | 0000 0000 0000 | 1111 1111 1111 -10.000V -FS
OFF. BINARY COMP. OFF. BIN.
+15V. 5V 5V sy
ATuF 47uF 474F 474F
i &
40 oue Lo
]
|
+15V de B @ @
GAIN ADJUST
GAIN ADJUST
Oto +10V 20K
-15V de
_ﬁ——@ +10V REF
SHM-45 01,F 47 ,F
g g RANGE
—( :j G INPUT HI ADC-500/505
<@ LESS THAN 1" —3»1
© @ @ @ INPUT LOW
Vs START CONVERT 0——’——( : START CONVERT
— < 4@ S/H CONTROL
S/H CONTROL 5V de
O———@ COMP BIN
ORDERING INFORMATION S @
20K
OPERATlNG o » NO CONNECTION
MODEL NO. TEMP. RANGE SEAL OFFSET ADUST
ADC-500BMC 0to +70°C Hermetic )
ADC-500BMM  -55to +125 °C Hermetic Figure 3. ADC-SHM Connection Diagram
ADC-500BMC 0to +70 °C Hermetic
ADC-500 BMM  -55t0 +125 °C Hermetic

Lead Socket), 32 required.

Receptable for PC board mounting can be ordered
through AMP Incorporated, #3-331272-8 (Component
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D [O)NNE=[L ADC-508

12-Bit, Ultra-Fast, Low-Power
A/D Converter

FEATURES

» 12-Bit resolution
» 700 Nanosecond maximum conversion time Aipy 1L
« Low-power, 1.6W

« Small initial errors

- Three-state output buffers
« -55°C to +125°C operation
« Small 32-pin DIP

« No missing codes
)1—!.101 MAX
(28.0) *

0.190 (4,9) MAX

GENERAL DESCRIPTION I T

DATEL’s ADC-508 is a 12-bit, analog-to-digital converter 0150 @8 MIN 0010 x 0.018 Kovar
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.

. v MECHANICAL DIMENSIONS

INCHES (mm)

]
]
[}

: 1.712 MAX

BOTTOM ' “39

Manufactured using thick-film and thin-fiilm  hybrid VIEW 1 g paces
technology, this converter's remarkable performance is '
based upon a digitally-corrected subranging architecture. !
DATEL further enhances this technology by using a '
proprietary custom chip and unique laser trimming ,
1

schemes. The ADC-508 is packaged in a 32-pin ceramic .

DIP and consumes 1.6 watts.
l<— 0900 —bfd»— 0100
25)
(229) (

(25)

'
]
1
]
]
1
]
1
1
1
1
! NOTE: Pins have 0.025 inch, +0.01
: stand off from case

|

'

1 32 0.100

INPUT/OUTPUT
CONNECTIONS
PIN SIGNAL NAME
1 +10V REF
2 RANGE
3 INPUT HIGH
4 INPUT LOW
5 OFFSET ADJUST
6 NO CONNECTION
7 COMP BIN
8 OVERFLOW _
9 ENABLE (6-12)
10 ENABLE (15, OF)
n +5V
- o ? DIGITAL GROUND
oSt © s ior. 13 +15V
covaes l 14 ~15V
15 -sv
> g o wse 16 ANALOG GROUND
= R 1 1 NTR
= 6 y | gconmor
e O ere 19 BIT 12 (LSB)
- s
o 20 BIT 11
et Ssme ere 21 BIT 10
weur L [ e O 2 | are
e = ars 23 BIT8
> ans 24 BIT7
- I ] a0 25 BIT6
L . arn 26 BITS
swar o sose 27 BIT 4
o e — D o 28 BIT3
x
_ | T — 29 BIT2
SHconTROL } T (5) waie 6121 30 BIT 1 (MSB)
O overiow 31 START CONVERT
© © © [©] © © © 32 GAIN ADJUST
oo ow oo an 510 o commecrion

For Immediate Assistance, Dial 1-800-233-2765 2-21
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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 PERFORMANCE (cont.)
conjunction with the ADC-508. This feature allows the sample-and-
hold device to go back into the sample mode a minimum of 30 DESCRIPTION MIN. TYP. MAX. UNITS
nanoseconds before the conversion is complete, improving the Un.po|a, Zero Error,
overall conversion rate of the system. u i > cz ............. — +1 +3 LSB
. . . . Te N o
Power required is + 15V dc and + 5V dc. Models are available in the amf‘;z;omgm":?co 18 25 ppm/°C
commercial 0°C to +70°C, and military —55°C to + 125°C operat- +25°C .....ciinnn — +1 +3 LsB
ing temperature range. Typical applications include spectrum, tran- | Bipolar Zero Tempco ...| — £13  +25 ppm/°C
sient, vibration, and waveform analysis. These devices are also | BIPor Qffset Error, — 42 s LSB
ideally suited for radar, sonar and video digitization, medical instru- | Bipolar Offset Error - =
mentation, and high-speed data acquisition systems. For information Tempco ............ —  +175 35 ppm/°C
Gain Error, +25°C ..... — +2 +5 LSB
Gain Tempco.......... — +175 435 ppm/°C
Conversion Times:
ABSOLUTE MAXIMUM RATINGS ADC-508
Parameters MINIMUM MAXIMUM UNITS +25°C ........... —_ — 700 nsec.
+ 15¥ gupp:y g:in 13; . g +18 Volts dc 0°Cto +70°C — — 740 nsec.
- 15V Supply (Pin 14). .. -18 Volts dc . Di (-
+5V Supply (Pin 11).... -0.5 +7 Voits dc || Harm: Distort. ¢FS) 0 72 6B min
Elsv Sllllpply (Pin15).... +05 -7 Volts dc 0to +70 °C 724dB min.
ital Inputs !
? Pins7,9,10&31) ... -03 +6 Volts dc || No Missing Codes )
Analog Input (Pin3) .... -15 +15 Volts do (12Bits):............ Over the Operating Temp. Range
Lead temp. (10sec) .... 300 o
POWER SUPPLY REQUIREMENTS
FUNCTIONAL SPECIFICATIONS Power Supply Range:
Apply over the operating temperature range and at +15V dc i}g“; gg gﬂs"w e ﬂjgg f]g f}ggg ¥g:§§ gg
and 5V dc unless otherwise specified. +5Vdc SUPPK! U 4475 45 +5.25 Volts dc
-5VdcSupply ...... -475 -5 -5.25 Volts dc
DESCRIPTION MIN. TYP.  MAX. UNITS Power ‘s"l’,’,’,',‘,ﬂf urent: | .3 430 mA
—15V Supply ........ —_ -1 -15 mA
INPUTS +5V Supply* ........ — +55  +90 mA
-5V Supply.... = -175 -210 mA
Input Volta(};'e Range...| — Oto +10 — Volts dc Power Dissipation S 1.6 18 Watts
(See Tech. Note9) | — Oto +20 — Volts dc Power Supply Rejection .| — — 001 %FSR/%V
— +10 — Volts dc
Logic Levels: Logic 1 .. 2.0 — — Volts dc PHYSICAL/ENVIRONMENTAL
ic Loadi ?_glcio — — 0.8 Vo:bs\ dc
Logic Loading: og c1.| — — 25 Operating Temp. Range:
Logic0.| — - -100 KA PEBMC. s — +70 °C
OUTPUTS Range.............. -65 — 4150 °C
) Package Type ......... 32-pin hermetic sealed, ceramic DIP
Output Coding: . ) ) Pins .? ............... 0.010 x 0.018 inch Kovar
(Pin7High) ........ straight binary/offset binary Weight .........c..... 0.42 ounces (12) grams
(Pin7Low) ........ complementary binary
complementary offset binary * +5V power usage at 1TTL logic loading per data output bit.
Logic Levels: L°9'° 1..124 - — Volts dc ® With DATEL sample and hold model number SHM-45.
Logic0 ..| — — 0.4 Volts dc
Logic Loading: Lognc 3 g - — -61 20 ,4/;\A
c0.| — — .
Internal Referenog: " TECHNICAL NOTES
Voltage, +25°C ....[9.98 10.0 10.02 Volts dc
Drift .............. — +5 +30 ppm/°C 1. Use external potentiometers to remove system errors or the
External Current .....| — - 15 mA small initial errors to zero. Use a 20K trimming potentiometer for
gain adjustment with the wiper tied to pin 32 (ground pin 32 for
ki operation without adjustments). Use a 20K trimming potentiome-
Integral Nonlinearity: ter with the wiper tied to pin 5 for zero/offset adjustment (leave
9 25°C ... .....0... — _ +0.0125 9%FSR + 2 LSB pin 5 open for operation without adjustment).
0°C to +70°C...... — — +0.0125 %FSR +'2 LSB
IntegralNonlin. Tempco. | — +3 +8 ppm/°C 2. Rated performance requires using good high frequency circuit
Differential Nonlinearity . , board layout techniques. The analog and digital grounds are not
ngcsif +70°C - _ fgg}gg o;gggg f,g tgg connected internally. Avoid ground-related problems by connect-
Differential Nonlin, - - ing the digital and analog grounds to one point, the ground plane
Tempco........... — — +25 ppm/°C beneath the converter. Due to the inductance and resistance of
Fu‘l{-ScaIe Absol. the power supply return paths, return the analog and digital
ccuracy ies.
sy _ +3 48 LsB ground separately to the power supplies
0°Cto +70°C...... — +4 +14 LSB

2-22 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 ca-
pacitor in parallel with a 0.1 pF 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 tying COMP
BIN (pin 7) to +5V dc or leaving it open. The device has an inter-
nal 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 func-
tion.

5. An overflow signal, pin 8, indicates when analog input signals are
below or above the desired full-scale range. To overfiow pin also
has a three-state output and is enabled by pin 10 (Enable bits 1-5
&O.F)).

6. The Sample/Hold control signal, pin 17, goes low following the
rising edge of START CONVERT pulse and high 30 nanosec-
onds minimum before EOC goes low. This indicates that the
converter can accept a new analog input.

7. The drive requirements of the ADC-508 may be satisfied with a
wide-bandwidth, low output impeance input source. Applications
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

ADC-508

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

9. Requirements for +2.5V inputs can be satisfied using DATEL's
AM-1435 amplifier in front of the SHM-45/ADC-508 configuration,
shown in Figure 3, 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 applies over the operating temperature range and
over the operating power supply range. These times are guaran-
teed by design.

TABLE 2. INPUT CONNECTIONS

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

TABLE 3. ZERO AND GAIN ADJUST

FSR ZERO ADJUST GAIN ADJUST
+1/2LSB +FS-11/2LSB
0to +10V dc +1.22mV +9.9963V dc
0to +20V dc +2.44 mV +19.9927V dc
+10V de +2.44 mV +9.9927V dc

ANALOG 150 nSec
INPUT MINIMUM

SETTLING
TIME

START

|
]
N ﬂ 105nSec MINIMUM (when used with SHM-45)
|
1k T

CONVERT

‘.l

—F

200nSec ACQUISITION TIME

MAXIMUM

}——- 100 nSec HOLD MODE SETTLING TiME

NOTE NOT DRAWN TO SCALE

CONVERSION TIME
-

EQC 20 nSec MINIMUM
-
| 35nSec MAXIMUM

\ 10 nSec MINIMUM
25nSec MAXIMUM

R

30nSec
MINIMUM

350 nSec.

MINIMUM

25 nSec.
| MINIMUM
l

OUTPUT DATA

DATA N-1 VALID

ENABLED DATA N-1 VALID

(BITS 1-5,0F)

ENABLED DATAN

10 nSec. VALID

MAXIMUM

F

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

ENABLED DATA N
10 nSec.
MAXIMUM I' VALID

INVALID DATA N

[

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

For Immediate Assistance, Dial 1-800-233-2765
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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.

Zero 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 Table 3. For unipolar,
adjust the zero trimming potentiometer so that the output code

D OVAYEL

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.

. Full-Scale Adjustment - Set the output of the voltage reference

used in step 2 to the value shown in Table 3. 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.

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

reference voltage source to obtain the output coding listed in
Table 4.

TABLE 4. OUTPUT CODING

STRAIGHT BIN. COMP. BINARY

UNIPOLAR | INPUT RANGES, V dc OUTPUT CODING INPUT RANGE| BIPOLAR
SCALE Oto +10V | O to +20V | MSB LSB | MSB LSB +10V dc SCALE |
+FS-1LSB | +9.9976V | +19.9951V| 1111 1111 1111 | 0000 0000 0000 +9.9951V +FS -1 LSB
7/8 FS +8.7500V | +17.500V | 1110 0000 0000 | 0001 1111 1111 +7.5000V +3/4 FS
3/4 FS +7.5000V | +15.000V | 1100 0000 0000 | 0011 1111 1111 +5.0000V +1/2 FS
12 FS +5.0000V | +10.000V | 1000 0000 0000 | 0111 1111 1111 0.0000V 0
1/4 FS 2.5000V | +5.0000V | 0100 0000 0000 { 1011 1111 1111 -5.0000V -1/2 FS
1/8 FS 1.2500V | +2.5000V [ 0010 0000 0000 | 1101 1111 1111 -7.5000V -3/4 FS
1LSB 0.0024V | +0.0049V [ 0000 0000 0001 | 1111 1111 1110 -9.9951V -FS +1 LSB
0 0.0000V 0.0000V | 0000 0000 0000 | 1111 1111 1111 -10.000V -FS
OFF. BINARY COMP. OFF. BIN.
+15V -15V 5V
4.7uF 4. 7ﬂ 4TF
014F 01uF
4| o
1
+15V dc ° 6 "
GAIN ADJUST
0to +10V 20K ‘GAIN ADJUST
-15V dc
SHM-45 J__—_Y__—@ +1ov REF
01,F 47 uF
g $ 2 RANGE
_@ ROLD ; 3] WPUTHI ADC-508
10 e @ @ | LESS THAN 1" —3]
INPUT LOW
\V START CONVERT O————( : * START CONVERT
S/H CONTROL
- J\@ S/H CONTROL
+5V dc
o——@ COMP BIN
ORDERING INFORMATION : ©
20K NO CONNECTION
OPERATING 15V 415V
MODEL NO. TEMP. RANGE SEAL OFFSET ADJUST
ADC-508BMC 0to +70°C Hermetic . .
ADC-508BMM  -55 to +125 °C Hermetic Figure 3. ADC-SHM Connection Diagram

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

«+ 12-Bit resolution
- 1.0 Microsecond maximum conversion time
- Low-power, 925 milliwatts

« Three-state, output buffers

« Functionally complete

« Small 24-pin DIP

» No missing codes

GENERAL DESCRIPTION

DATEL's ADC-511 uses an advanced design to provide a high-
speed, functionally complete 12-bit A/D converter in a small
24-pin DIP. The ADC-511 delivers a conversion speed of 1 mi-

crosecond while consuming only 925 milliwatts of power.

Manufactured using thin- and thick-film hybrid 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.

Functionally complete, the ADC-511 contains an internal clock,
three-state outputs and an internal reference.

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

T

INPUT/OUTPUT CONNECTIONS

PIN | FUNCTION PIN | FUNCTION
1 | BIT 12 0UT (LSB) 13 | +5V
2 | BIT110UT 14 | DIGITAL GROUND
3 | BIT100UT 15 | EOC
4 | BITOOUT 16 | START CONVERT
5 | BIT8OUT 17 | ENABLE (1 - 12)
6 |BIT70UT 18 | COMPBIN
7 | BITEOUT 19 | ANALOG INPUT
8 |BIT50UT 20 | BIPOLAR
9 |BIT40UT 21 | +10V REF
10 | BIT30UT 22 | +15v
11 | BIT20UT 23 | ANALOG GROUND
12 | BIT 1 OUT (MSB) 24 | -15v

—QJ‘ DAC
+10V RER@] [ rer ? @7 ENRBLE (1-12)
s | __f ] [-+32) BIT 1 (MSB)
R - > : BIT2
St FLASH g >} - BIT3
ADC | | l~(9)BIT4
? / - l~l(8)BITS5
5K E > > BIT6
a DIGITAL 3.STATE BT 7
10K CORRECTION [™™] OUTPUT [}
BIPOLAR(ZDl . oalc |+ recisTer (—+|(5) BT
ANALOG (19 R »1(4)BIT9
INPUT 5K E ] @
¢ || - L~(3)BIT 10
com. TN N —{@sm
SN Loaic T _“_‘/
START CONTROL E > > @ BIT 12 (LSB)
CONV. AND A
TIMING J
goc (19
® @
+5V DIG. GND. +15V ANA GND. 15V

For Immediate Assistance, Dial 1-800-233-2765
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS PERFORMANCE MIN. TYP. MAX. | UNITS
" Bipolar Zero Error @ - +1 +3 LSB
+15V Supply (Pin 22) 0to+18 Volts dc - | ipolar Zero Tempco _ i 5 ppm/°C
=15V Supply (Pin 24) Oto-18 Volts dc Bipolar Ofiset Error @ _ +2 +4 LSB
+5V Supply(Pin 13) -0.5t0 +7 Volts dc Bipolar Offset Tempco - +17.5 +35 | ppm/°C
Gain Error @ - +2 +4 LSB
Digital inputs 0.310+7 Volts dc Gain Error Tempco - 175 | £35 | ppm~°C
Pins 16, 17, and 18) Conversion Time
( ) 17, +25°C - - 1.0 JuSec.
Analog input -251t0 +25 Volts dc 0 °C 1o +70 °C - - 1.0 [uSec.
Lead temp. (10 sec.) 300 ° G max. -55°C to +125 °C - - 1.15 |uSec.
No missing codes
(For 12 binary bits) Guaranteed over operating temp. range
POWER REQUIREMENTS
FUNCTIONAL SPECIFICATIONS Power Supply Range
+15V dc Supply +14.25 +15 +15.75 | Volts dc
Apply over the operating temperature range and at +15V dc -15V dc Supply 14.25 -15 -15.75 | Volts dc
and 15V dc unless otherwise specified. +5V dc Supply +4.75 +5 +5.25 | Volts dc
Supply Current
+15V Supply - +20 +29 mA
-15V Supply - -20 -28 mA
+5V Supply @ - +65 +79 mA
. Power Dissipation - 925 | 1250 mw
INPUTS MIN. TYP. MAX. | UNITS Supply Rejection - - ++0.01 | %FSR/%V
Analog Signal Range - 0to +10 - Volts PHYSICAL/ENVIRONMENTAL
(See Table 5 also) - +5 - Volts n
input Im_pe dance ?‘Zenr;;mg Temperature
Resistance 2 25 - |KOhms ‘ —MC Models 0 _ +70 °c
Capacitance - - 50 pF
Logic Levels: —MM Models -55 - +125 °C
Logic 1 20 _ _ Volts Storage Temperature
Logic 0 - - 0.8 Volts Range -65 - +150 °C
Logic Loading:
Logic 1 - - 25 pA Package Type 24-pin hermetically sealed ceramic DIP
Logic 0 - - -100 pA Weight 0.42(12)oz.(gram)
| OUTPUTS
E:;i.:lfl?lr;ls- 12 - - Bits @ Specifications cited are at +25 °C. See Techical Note 1 for further information.
Logic 1 24 _ _ Volts @ + 5V power usage at 1 TTL logic loading per data output bit.
Logic 0 - - 0.4 Volts
Logic Loading:
Logic 1 - - - 160 nA
Logic 0 - - 6.4 mA
Internal Reference:
+Voltage, +25° C 9.98 10 10.02 | Volts dc
Tempco - +5 +30 | ppm/°C
External current - - 1.5 mA
Output Coding: Straight binary/Oftset binary
. 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°C to +125°C - - +1.5 LSB
Differential Nonlinearity
+25 °C - +1/2 +3/4 LSB
0 °Cto+70°C - +1/2 +3/4 LSB
-55 °C to +125 °C - - +1 LSB
Full-Scale Absolute
Accuracy
+25°C - 3 +7 LSB
0°Cto+70°C - 4 +13 LSB
-55°C to +125 °C - 18 +28 LSB
Unipolar Zero Error © - +1 +3 LSB
Unipolar Zero Tempco - +13 +25 ppm/°C
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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 er-
rors of the ADC-511 to zero. The external adjustment cir-
cuit has no affect on the throughput rate. Table 1 shows
how to select the input range.

. Rated performance requires using good high frequency cir-

cuit board layout techniques. The analog and digital
grounds are connected internally. Avoid ground-related
problems by connecting the digital and analog grounds to
one point, the ground plane beneath the converter. This
prevents contamination of the analog ground by noisy digital
ground currents.

. Bypass the analog and digital supplies and the + 10V refer-

ence (pin 21) to ground with a 4.7pF, 25V tantalum electro-
lytic capacitor in parallel with a 0.1 wF ceramic capacitor.
Bypass the + 10V reference (pin 21) to analog ground (pin
23).

. Obtain straight binary/offset binary output coding by tying

COMP BIN (pin 18) to +5V dc or leaving it open. The de-
vice has an internal pull-up resistor on this pin. To obtain
complementary binary or complementary offset binary out-
put coding, tie pin 18 to ground. The complementary signal
is compatible to CMOS/TTL logic levels for those users de-
siring logic control of this function.

. To obtain Three-State outputs, connect ENABLE (pin 17) to

a logic "0" (low). Otherwise, connect pin 17 to a logic "1"
(high).

TIMING

Figure 3 shows the relationship between the various input sig-
nals. The timing shown applies over the operating temperature

range and over the operating power supply range.

These

times are guaranteed by design.

OPTIONAL CALIBRATION
CIRCUIT (SEE FIGURE 4)

o
OR—® CONVERT

BIPOLAR

P
[T +10vVREF

BIPOLAR
OPERATION

Figure 2. Typical Input Connections for the ADC-511

For Immediate Assistance, Dial 1-800-233-2765

BIT 1 (MSB)
BIT2
8IT3
BIT4
8ITS

CALIBRATION

ADC-511

1. The data outputs should be connected to LED's to observe

the resulting data values. Connect the converter per Figure
2, Figure 4, and Table 1 for the appropriate Full Scale
Range (FSR). Apply a pulse of 200 nanoseconds 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 Table 4. For
unipolar operation, 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 18) tied
high or between 1111 1111 1111 and 1111 1111 1110 with
pin 18 tied low.

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000
0000 0001 with pin 18 tied high or between 0111 1111 1111
and 0111 1111 1110 with pin 18 tied low.

3. Full-Scale Adjustment

Set the output of the voltage reference used in step 2 to the
value shown in Table 4. Adjust the gain trimming potentio-
meter so that the output code flickers equally between 1111
1111 1110 and 1111 1111 1111 for pin 18 tied high or be-
tween 0000 0000 0001 and 0000 0000 0000 for pin 18 tied
low.

To confirm proper operation of the device, vary the precision

reference voltage source to obtain the output coding listed
in Table 6.

Table 1. Input Connections

INPUT RANGE | INPUTPIN | JUMPER THESE PINS:
0to-10Vdc Pin 19 Pin 20 to GROUND
5V dc Pin 19 Pin 20 to Pin 21

Table 4. Zero and Gain Adjust

FSR ZERO ADJUST GAIN ADJUST

+1/2LSB +FS-11/2LSB

0to+10V dc +1.22mV dc +9.9963V dc

+5V de +1.22mV dc +4.9963V dc

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
Oto+2.5V, +1.25V | 2 14 K Ohms
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Table 6. Output Coding

STRAIGHT BIN.. COMP. BINARY

UNIPOLAR | INPUT RANGES, V dc OUTPUT CODING INPUT RANGE | BIPOLAR

SCALE 0 to +10V MSB LSB | MSB LSB +10V dec SCALE

+FS -1 LSB +9.9976V 1111 1111 1111 | 0000 0000 0000 +4.9976V +FS -1 LSB

7/8 FS +8.7500V 1110 0000 0000 | 0001 1111 1111 +3.7500V +3/4 FS

3/4 FS +7.5000V 1100 0000 0000 | 0011 1111 1111 +2.5000V +1/2 FS

1/2 FS +5.0000V 1000 0000 0000 | 0111 1111 1111 0.0000V 0

1/4 FS +2.5000V 0100 0000 0000 | 1011 1111 1111 -2.5000V -1/2 FS

1/8 FS +1.2500V 0010 0000 0000 | 1101 1111 1111 -3.7500V -3/4 FS

1LSB +0.0024V 0000 0000 0001 | 1111 1111 1110 -4.9976V -FS +1 LSB

0 0.0000V 0000 0000 0000 | 1111 1111 1111 -5.0000V -FS

OFF. BINARY COMP. OFF. BIN.
Optional Calibration Circuit
R2*
N
{—~ 600 r)Sec——‘
To Pin 19
STARTCO __| N‘f—l‘—L 200 nSec min of ADC-511
NVERT ’ L_ . oo —- DATA INVALID
—_— onversion Time, max
Eoc - 20 nSec min35 X >——-O
nSec max
20 nSec max
_>i *‘ f— a1300 nSec min ——l ‘
Friiedl Data N-1 Valid DX patan vaia 500
ENABLE o] je-10nSecmax |  10nSecmax  —| t=- Enabled DataN Vaiid GAIN
NOTE: NOT DRAWN TO SCALE ADJUST
Figure 3. ADC-511 Timing Diagram
5KQ ZERO/OFFSET

ADJUST

* See Table 5 for R1 and R2 values.

Figure 4. Optional Calibration Circuit

MECHANICAL DIMENSIONS
INCHES (MM)
0.800 MAX
(20,3) .
| | T ORDERING INFORMATION
| I ¥ 0.150MIN.
0.010 x 0.018 (3,8) MODEL TEMPERATURE SEAL
KOVAR Pins RANGE
T ADC-511MC  0°Cto +70 °C Hermetic
12 13
| | 1 1'31([ MAX. ADC-511MM  -55°Cto +125°C Hermetic
lsotTom| spAces (@39 ADC-511/883B .55°C1t0+125°C  Hermetic

| VIEW |
(2,5)

|1 24|

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

0.600
(15,2)

NOTE: Pins have 0.025 Inch +0.01
standoff from case.

MOTE: Pins have a 0.025 Inch, £0.01
standoff from case.
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ADC-520, ADC-521
12-Bit, Ultra-Fast,
Low-Power A/D Converters

R
FEATURES 2

- 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

« No missing codes

GENERAL DESCRIPTION

DATEL'’s ADC-520 and ADC-521 are 12-bit analog-to-digital
converters with conversion speeds of up to 800
nanoseconds. Both models are identical except for the
analog input voltage ranges.

The performance of these converters is based upon a
digitally-correcting subranging 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.

TECHNICAL NOTES

1. Use external potentiometers to remove system errors or
the small initial errors to zero. Use a 20K ohm trimming
potentiometer for gain adjjustment with the wirper tied to
pin 27 (ground pin 27 for operation without adjustments).
Use a 20K ohm trimming potentiometer with the wiper
tied to pin 19 for zero/offset adjustment (leave pin 19
open for operation without adjustment).

rance 1 @)
aPoun OFFSET Bl

INPUT HIGH (3] DIGITAL

L0GIC

19 81T 1 OuT (MSB)
12) BIT 1 OUT (MSB)
) 8T 2 out
o) 87 30uT
® & aour
®) i1 50Ut
7) 81T 6ouT

—
o erron
_.1@ BIT 8 OUT

| oD srsour
{3 o7 wour
—={?) & nour

D) o 12001 5ol

[ M

sV 016 GND B ANA GND 15y,

For Immediate Assistance, Dial 1-800-233-2765

MECHANICAL DIMENSIONS
INCHES (mm)

1.101 MAX
(280 0.190 MAX

—

"0.010 X0.018 ]]
" 0.150 MIN.
KOVAR Pins 3.8)
16 17 {
15 1.712 MAX.
BOTTOM (43.5)
VIEW SPACES k
AT 0.100
(2.5)
1 32 AL
0900 v
(22,9) NOTE: Pins have a 0.025 inch, +0.01
! stand-off from case.
1/0 CONNECTIONS
PIN | FUNCTION PIN | FUNCTION
1 BIT 12 OUT (LSB) 17 | COMP BIN
2 BIT 11 OUT 18 | REF. OUT (+10V dc)
3 BIT 10 OUT 19 | OFFSET ADJUST
4 BIT9 OUT 20 | EOC
5 BIT 8 OUT 21 | START CONVERT
6 BIT 7 OUT 22 | RANGE 1
7 | BIT6OUT 23 | RANGE 2
8 BIT 5 OUT 24 | INPUT HIGH
9 BIT 4 OUT 25 | BIPOLAR OFFSET
10 | BIT30OUT 26 | INPUT LOW
11 | BIT20UT 27 | GAIN ADJUST
12 | BIT 1 OUT (MSB) 28 | +15V
13 | BIT 1 OUT (MSB) 29 | BUFFER OUTPUT
14 | ENABLE 30 | BUFFER INPUT
15 | DIGITAL GROUND 31 | -15V
16 | +5V 32 | ANALOG GROUND
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ADC-520, ADC-521

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 connect-
ing the digital and analog grounds to one point, the ground plane
beneath the converter. Due to the inductance and resistance of
the power supply return paths, return the analog and digital
ground separately to the power supplies.

3. Bypass all the analog and digital supplies and the +10V refer-
ence (pin 18) 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 18) to analog ground (pin 32) the same way.

IS

. Obtain straight binary/offset binary output coding by tying COMP
BIN (pin 7) to +5V dc or leaving it open. The device has an inter-
nal pull-up resistor on this pin. To obtain complementary binary
or complementary offset binary output coding, tie the COMP BIN
pin to ground. In the bipolar mode, two's complement qutput cod-
ing is available by using the MSB output (pin 13). The COMP
BIN signal is compatible to CMOS/TTL logic levels for those us-
ers desiring logic control of this function.

(3]

. 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 therefore is not con-
trolled by the enable pin.

6. Satisfy high-speed drive requirements of the ADC-520, -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,-521 provide an internal buffer amplifier. Using
this buffer provides an inut impedance of 1012 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 input 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.

ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS
+15V Supply (Pin 28) Oto +18 Volts dc
-15V Supply (Pin 31) 0to-18 Volts dc
+5V Supply (Pin 16) -0.5t0 +7.0 Volts dc
Digital Inputs

(Pins 14, 17, 21) -0.3 to +6.0 Volts dc
Analog Input (Pin 24) -15t0 +15 Volts dc
Lead Temp.(10 Sec.) 300 °C

FUNCTIONAL SPECIFICATIONS

The following specifications apply over the operating tem-
perature range and at £15V dc and +5V dc unless other-
wise specified.

ANALOG INPUTS MIN. TYP. | MAX. | UNITS
Input Range
(ADC-520) - +10 - Volts dc
- 0to+10 - Volts dc
- 0to +20 - Volts dc
- 0to-20 - Volts dc
(ADC-521) - +2.5 - Volts dc
= Oto+5 - Volts dc
2-30
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Input Impedance MIN. TYP. MAX. | UNITS
(ADC-520)
Unipolar: 1.75 2.5 - K Ohms
Bipolar: 3.75 5.0 - K Ohms
(ADC-521)
Unipolar: 2.0 2.5 - K Ohms
Bipolar: 1.6 2.0 - K Ohms
Input Capacitance - - 50 pf
Buffer Amplifier
Input Voltage +10 s - Volts dc
Input Impedance - 10 - Ohms
Settling Time - 700 1000 nSec.
DIGITAL INPUTS
Logic "1" 2.0 - - Volts dc
Logic "0" - - 0.8 Volts dc
Logic Loading "1" - - 5 A
Logic Loading "0" - - -200 HA
OUTPUTS
Resolution 12 - Bits
Logic "1" 2.4 - - Volts dc
Logic "0" - - 0.4 Volts dc
Logic Loading "t1" - - -160 pA
Logic Loading "0" - - 6.4 mA
Internal Reference
Voltage, +25 °C 9.98 10.0 10.02 | Volts dc
Drift - +5 +30 | ppm/°C
External Current - - 1.5 mA

Output Coding

(Pin 17 HI) Straight binary/offset binary
(Pin 17 Low) Complementary binary
Complementary offset binary
(Note 4) Two's complement
(Note 4) Complementary two's complement
PERFORMANCE

Integral Non-Linearity
+25°C
0°Cto+70°C

Integral Non-Lin.
Tempco

Differential

Non-Linearity
+25°C
0°Cto+70°C

Differential Non-Lin.
Tempco

Full Scale Absolute
Accuracy
+25°C
0°Cto+70°C

Unipolar Operation
Zero Error ®
Zero Tempco
Zero Adjust Range

I+
o1

+1/2
+1/2

+1/2
+1/2

LSB
LSB

ppm/ °C

LSB
LSB

ppm/ °C

LSB
LSB

LSB
ppm/ °C
LSB

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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Bipolar Operation MIN. | TYP. | MAX. | UNITS
Zero Error ® - *1 +5 LSB
Zero Tempco - +2 5 ppm/ °C
Zero Adjust Range +5 - - LSB
Offset Error ©® - +2 +5 LSB
Offset Tempco - +17.5 +35 | ppm/°C
Offset Adjust Range +5 - - LSB

Gain Error @ - +2 15 LSB

Gain Tempco - 175 +35 | ppm/°C

Gain Error Adjust

Range +5 - - LSB

Conversion Times
+25 °C - - 800 nSec.
0°Cto+70°C - - 850 nSec.

Harm. Distort. (-FS) @

+25°C . -72 dB min.
0to +70°C -72 dB min.
-5510 +125°C -65 dB min.
No Missing Codes
(12 Bits) Over the Operating Temperature
Range

POWER REQUIREMENTS

Power Supply Range

+15V dc Supply +14.25| +15.0 | +15.75 | Volts dc

-156V dc Supply -14.25 | -15.0 [ -15.75 | Voltsdc

+5V dc Supply +4.75 +5.0 +5.25 | Volts dc
Power Supply Current

+15V dc Supply - +52 +65 mA

-15V dc Supply - -36 -45 mA

+5V dc Supply* - +66 +70 mA
Power Dissipation - 1.6 1.9 Watts
Power Supply Rejection - - 0.01 | %FSR/%V

PHYSICAL/ENVIRONMENTAL

Operating Temp. Range 0 - +70 °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)

* +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.

@ With DATEL SHM-45, see Figure 3.

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 29t0 24 Pin 18 to 25

0to +10V dc Pin 24 Pin 30, tie 20 to 24 Pin 24 10 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,
2210231024

For Immediate Assistance, Dial 1-800-233-2765
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Table 2b. ADC-521 Input Connections

INPUT PIN
INPUT W/0 WITH
RANGE BUFFER BUFFER CONNECT

+2.5V dc Pin 24,2223 Pin 30, tie 29 to 24 Pin25t0 18
Oto +5Vdc Pin 24,22,23 Pin 30, tie 29 to 24 Pin 25 to 26

ANALOG

INPUT
-E\ NOTE NOT DRAWN TO SCALE
1

T
|
|
i
ANALOG .
ot _’._.. s |
SETTLING | I
TIME \ |
|
|

|
N- 50 nSec MINIMUM
START 1

CONVERT \ i
Vo |~— CONVERSION TIME MAX ————|
[ '
[
[

_1 1= l-.» 30 nSec MAXIMUM
EOC

25 nSec. MINIMUM
l.—_—.350 nSec MINIMUM i

OUTPUT DATA DATA N-1 VALID DATA N VALID

N R
ENABLED DATA N-1 VALID omsec ENABLED DATA N
MAXIMUM L

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

TIMING

Figure 2 shows the relationship between the various input signals.
The timing cited applies over the operating temperature range and
over the operating power supply range. These times are guaran-
teed by design.

CALIBRATION PROCEDURE

1. Connect the converter per Figure 3 and Tables 2a and 2b for
the appropriate full-scale range (FSR). Apply a pulse of 50 nan-
oseconds 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 analog input and ground. Refer to Tables 2a and
2b for the correct input pin. Adjust the output of the reference
source per Table 3. For unipolar, adjust the zero trimming po-
tentiometer 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 tied low (complementary
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 be-
tween 0111 1111 1111 and 0111 1111 1110 with COMP BIN
(pin 17) tied low (complementary offset binary).
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Two's complement and complementary two's complement re-
quires the use of MSB (pin 13) versus MSB (pin 12) as given for
offset binary or complementary offset binary respectively.

Full-Scale Adjustment - Set the output of the voltage reference

used in step 2 to the value shown in Table 3. Adjust the gain
trimming potentiometer so that the output code flickers equally
between 1111 1111 1110 and 1111 1111 1111 for COMP BIN
(pin 17) tied high or between 0000 0000 0001 and 0000 0000
0000 for COMP BIN tied low. Two's complement and comple-
mentary two's complement respectively requires using MSB, pin
13.

. 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 3. Zero and Gain Adjust

£10V INPUT

WO BUFFER)

GAIN ADJUST

BIPOLAR OFFSET

#10v REF

SHM-45

CONTROL
LOGH

2} HoLo

FSR

ZERO ADJUST
+1/2LSB

GAIN ADJUST
+FS-11/2LSB

0to +5V
0to +10V dc
0 to +20V dc
0to -20V dc

+10V dc

+2.5V dc

+0.610 mV dc
+1.22 mV dc
+2.44 mV dc
-2.44 mV dc
+2.44 mV dc
+0.610 mV dc

+4.9971V dc

+9.9963V dc
+19.9927V dc
-19.9927V dc
+9.9927V dc

+2.4982V dc

Table 4. Output Coding for Unipolar Operation

c DI® 23
T
DELAY  STROBE S SU—

s e- 30) BUFFER IN
29) BUFFER OUT
22)] RANGE 1 ADC-520/-521
INPUT HIGH
wess e @) mance 2
. INPUT LOW

START CONVERT

COMP BIN

9
20K
+I5V
OFFSET ADJUST

15V

Figure 3. ADC/SHM Connection Diagram

UNIPOLAR | INPUT RANGES,VOLTS dc

OUTPUT CODING

SCALE

0 to +5V 0 to +10V 0 to +20V

STRAIGHT BINARY COMP. BINARY

MSB

LSB | MSB LSB

+FS-1LSB
7/8 FS
3/4 FS
12FS
1/4 FS
18 FS
11SB

+4.9988V
+4.3750V
+3.7500V
+2.5000V
+1.2500V
+0.0024V
+0.0012V
0 0.0000V

+9.9976V
+8.7500V
+7.5000V
+5.0000V
+2.5000V
+1.2500V
+0.0024V

0.0000V

+19.9951V
+17.500V
+15.000V
+10.000V
+5.0000V
+2.5000V
+0.0048V
0.0000V

1111 1111 1111
1110 0000 0000
1100 0000 0000
1000 0000 0000
0100 0000 0000
0010 0000 0000
0000 0000 0001
0000 0000 0000

0000 0000 0000
0001 1111 1111
0011 1111 1111
0111 1111 1111
1011 1111 1111
1101 1111 1111
1111 1111 1110
1111 1111 1111

Table 5. Output Coding for Bipolar Operation

BIPOLAR

INPUT RANGES,VOLTS dc|

OUTPUT CODING

SCALE

+2.5V 10V

OFFSET BINARY
MSB LSB

COMP TWO'S COMP| TWO'S COMP.

MsB LsSB

MSB LsB

+FS-1LSB
+3/4 FS
+1/2FS

0

-112FS
-3/4FS
-FS +1LSB
-FS

+2.4988V
+1.8750V
+1.2500V
0.0000V
-1.2500V
-1.8750V
-2.4988V
-2.5000V

+9.9951V
+7.5000V
+5.0000V
0.0000V
-5.0000V
-7.5000V
-9.9951V
-10.000V

1111 1111 1111
1110 0000 0000
1100 0000 0000
1000 0000 0000
0100 0000 0000
0010 0000 0000
0000 0000 0001
0000 0000 0000

1000 0000 0000
1001 1111 1111
1011 1111 1111
1111 1111 1111
0011 1111 1111
0101 1111 1111
0111 1111 1110
0111 1111 1111

0111 1111 1111
0110 0000 0000
0100 0000 0000
0000 0000 0000
1100 0000 0000
1010 0000 0000
1000 0000 0001
1000 0000 0000

2-32

ORDERING INFORMATION
OPERATING
MODEL NO.  TEMP. RANGE
ADC-520MC 0to+70°C
ADC-521MC 0to+70°C

Order PC board mounting receptacle
through AMP Inc. part #3-331272-8
(Component Lead Socket), 32
required.
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ADC-530
@ r—] /AEJ_E[]:- 12-Bit, Ultra-fast, Low-Power

A/D Converter

FEATURES

» 12-Bit resolution

» 350 Nanoseconds maximum conversion time
« Low-power, 2.1W

« Small initial errors

» Three-state output buffers

« -55 to +125 °C operation

+ Small 32-pin DIP

« No missing codes

GENERAL DESCRIPTION INPUT/OUTPUT CONNECTIONS
PIN | SIGNAL NAM
DATEL's ADC-530 reflects the ultimate in state-of-the-art ana- SIGNAL NAME PIN | SIGNA NAME
log signal conversion technology. The ADC-530 boasts a con- 1 |[+10V REF. OUT 17 | S/H CONTROL
version speed of 350 nanoseconds, along with a low-power 2 |RANGE 18 |EOC
consumption of 2.1 watts. 3 |INPUT HIGH 19 |BIT 12 OUT (LSB)
4 | INPUT LOW 20 {BIT 11 0UT
DATEL's ADC-530 is a 12-bit analog-to-digital converter which 5 |OFFSET ADJUST 21 |BIT 10 OUT
has small initial errors and can also provide adjustment capa- 6 | DO NOT CONNECT 22 [BIT9OUT
bility for system errors. The ADC-530 has a maximum conver- 7 |COMPBIN 23 |BIT8OUT
sion time of 350 nanoseconds. 8 |OVERFLOW 24 1BIT 7 OUT
9 |ENABLE (BITS 7-12) 25 |BIT6OUT
Manufactured using thick-film and thin-film hybrid technology, 10 E;"\'/ABLE (BITS 1-6) & OVERFLOW | 26 |BIT 50UT
this converter's remarkable performance is based upon a digi- 1; +D|GITAL GROUND g; g:; g 8%
tally-corrected subranging architecture. DATEL further enhanc- 13 |+15v 29 |BIT2 OUT
es this technology by using a proprietary custom chip and 14 |-15v 30 |BIT 1 0UT (MSB)
unique laser trimming schemes. The ADC-530 is packaged in 15 |NO CONNECTION 31 | START CONVERT
a 32-pin ceramic DIP. 16 | ANALOG GROUND 32 | GAIN ADJUST

—_—
7-8IT
GAN i | DAC —_
ADJUST 10 ENABLE BITS 15
] I & OVERFLOW
+ovReF 1 — REF
DIGITAL
R CORRECTION I~ 30 BIT 1(MSB)
E
OFFSET OFFSET £ LoGIC ] 20 81T 2
ADJUST 5 CIRCUIT s Ll 28 BT 3
'
d e s o 27 BIT 4
RANGE 2 ' FLASH s
si|— ADC E 1 26 BIT 5
INPUTHI 3 b 4 R F9 25 B8IT 6
P 24 BT 7
INPUTLOW 4
47 t R % 23 87T 8
E P 2287 9
H sstate [™] 21 8IT10
MP BIN > OUTPUT P 20 BIT 11
* ' . $ REGISTER [~ 19 BT 12(LSB)
START o »| Locic T
CONVERT CONTROL
goc 18 [ AND =LA
S/H CONTROL 17 TG t] '| I A | EveEsmsere
8 OVERFLOW
15 6 1" 12 13 16 14
NO DONOT 45V DIG. GND. +15V ANA.GND.  -15V

CONNECTION CONNECT
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All digital inputs and three-state outputs are TTL- and CMOS- PERFORMANCE MIN. TYP. MAX. | UNITS
compatible. Output coding can be in straight binary/offset bi- Full-Scale Abs. Accuracy
nary or complementary binary/complementary offset binary by +25°C - +0.1 +0.25| %FSR
using the COMP BIN pin. An overflow pin indicates when in- 010 +70 °C - +0.13 +032| %FSR
puts are below or above the normal full-scale range. 5510 +125 °C - 0.2 +05 | %FSR
Unipolar Zero Error
A novel feature of the ADC-530 is the provision of a Sample/ +25°C - 005 | +0.13] %FSR
Hold control pin for applications where a sample-hold is used Unipolar Zero Tempco - 3 25 | ppm/ °C
in conjunction with the ADC-530. This feature allows the sam- B|p012a5r §g° Error 005 | 01| arsn
ple-and-hold device to go back into the sample mode a mini- Bi;olar Zero Tempco B 43 +95 p:)m/ oc
mum of 30 nanoseconds before the conversion is complete, Bipolar Offset Error - -
improving the overall conversion rate of the system. +25°C - +0.4 +02 | %FSR
Bipolar Offset Etror
Tempco - +175 +35 | ppm/°C
Gain Error, +25 °C - +0.08 +017| %FSR
ABSOLUTE MAXIMUM RATINGS Gain Tempco - +17.5 +35 | ppm/°C
Conversion Times
+15V Supply (Pin 13) 0to +18V dc +25°C - - 350 | nSec.
-15V Supply (Pin 14) 0to0-18V dc 05'5"13731;‘53 o - - 383 :ggg
+5V Supply (Pin 11) 0510 +7Vde No Missing Codes (12 Bits) Over the operating temp. range
Digital Inputs POWER SUPPLY REQUIREMENTS
(Pins 7,9, 10, & 31) -0.3t0 +6V dc Power Supply Range
Analog Input (Pin 3) -15to +15V dc +15V dc Supply +1425 [ 415 | +1575| Vdc
Lead temperature (10 Sec.) 300 °C max. -15V dc Supply -14.25 -15 15751 Vdc
+5V dc Supply +4.75 +5 +5.25| Vdc
Power Supply Current
+15V Supply - +60 470 | mA
FUNCTIONAL SPECIFICATIONS bhiced S A B B
Apply over the operating temperature range and at £15V dc Power Dissipation - 2.1 25 | Watts
and +5V power supply voltages unless otherwise specified. Power Supply Rejection - - 0.01 | %FSR/%V
PHYSICAL/ENVIRONMENTAL
INPUTS MIN. TYP. MAX. |UNIT gperatilég Temperature
Input Voltage Range - 0t0+10 - |vdc ange, Lase
p(See Teeh Notegg) - Jotos20 | - |voe -MC 010+70 °C
- +10 _ v MM 55104125 °C
Logic Levels Storage Temp. Range ~ -6510+150°C
Logic 1 20 _ _ Vde Paqkage Type 32-pin hermetic, ceramic DIP
Logic 0 _ _ 08 |Vde Weight 0.42 ounces (12 grams)
Lo%_fgliff ding _ _ 25 |pA *+5V power usage at 1 TTL logic loading per data output bit.
Logic 0 - - -100  |pA
QUTPUTS TECHNICAL NOTES
Logic Levels
t"gzc(‘) 24 - o xgc 1. Use external potentiometers to remove system errors or the
Logi‘égl_coa ding - c small initial errors to zero. Use a 20K trimming potentiome-
Logic 1 _ _ 160 |pA ter for gain adjus.tment. with the’ wiper tied to pin 32 (groqnd
Logic 0 - _ 64 ImA pin 32 for operation without adjustments). Use a 20K trim-
Internal Reference ming potentiometer with the wiper tied to pin 5 for zero/
Voltage, +25 °C 9.98 10.0 10.02 {Vdc offset adjustment (leave pin 5 open for operation without ad-
Drift - +5 +30  |ppm/°C justment).
External Current - - 15 |mA
Output Coding - ] 2. Rated performance requires using good high frequency cir-
{Pin 7 High) straight binary/offset binary cuit board layout techniques. The analog and digital
(Pin7 Low) w:“pleme“‘a’%’f b‘“ﬁ.’y grounds are not connected internally. Avoid ground-related
complementary offset binary problems by connecting the digital and analog grounds to
PERFORMANCE one point, the ground plane beneath the converter. Due to
the inductance and resistance of the power supply return
Integral Nonlinearity paths, retun the analog and digital ground separately to the
+25°C - - +3/4 |LSB power supplies.
010 +70 °C - - 13/4 (LSB
-5510+125°C - - 15 [LSB 3. Bypass all the analog and digital supplies and the +10V ref-
Ditferential Nonlinearity erence (pin 1) to ground with a 4.7 uF, 25V tantalum elec-
62«5, +(7:0 oc i - fg;j tgg trolytic capacitor-in parallel with a 0.1 pF ceramic capacitor.
55 10 +125 °C _ 12 “5 |is 1Bg;)ass the +10V reference (pin 1) to analog ground (pin
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COMP BIN (pin 7) to +5V dc or leaving it open. The device
has an internal pull-up resistor on this pin. To obtain com-
plementary 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 us-
ers desiring logic control of this function.

5. An overflow signal, pin 8, indicates when analog input sig-
nals 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.).

6. The sample-and-hold (S/H) 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 indi-
cates that the converter can accept a new analog input.

7. The drive requirements of the ADC-530 may be satisfied
with a wide-bandwidth, low output impedance input source.
Applications of these converters that require the use of a
sample-and-hold may be satisfied by using DATEL's model
SHM-45. - Using this device with multiplexers or for test pur-
poses will require an input buffer.

8. Over temperature, input capacitance is 50 pF maximum and
input impedance is 1.75K minimum (2.5K typical) for 0 to
+10V and 3.75K minimum (5K typical) for 0 to +20V, £10V.
These values are guaranteed by design.

9. Requirements for £2.5V inputs can be satisfied using DAT-
EL's AM-1435 amplifier in front of the SHM-45/ADC-530
configuration, shown in Figure 3, 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 sig-
nals. The timing cited applies over the operating temperature
range and over the operating power supply range. These
times are guaranteed by design.

ANALOG - ,~——  ANALOG INPUT SETTLING TIME

INPUT ‘——\ . 100 nSec Min.
! |

—=t I‘~ HOLD MODE SETTLING 100 nSec Min.

!
START o
CONVERT —

'<r— 100 nSec Min.

[
)
|

I
! 1
— . ! <l s/H ACQ. TIME 200 nSec.
I [N
SH I | l N l

— ,<T~r 10 nSec Min.., 25 nSec Max. )
1

—»  =— 30 nSec Min.
1

! | jm——  ConversionTimeMax. ——al

= M
=— 20 nSec Min.., 35 nSec Max. —>| |=—35nSecMax.

| 250 nSec Min. |

oaa XX DATAN VALID TRIXIIX] DATAN VALID
ENABLE Enable DATA N-1 Valid

! ENABLED DATA N VALID
158 OF. 1-5 and Overflow Bit 10 nSec . Max. |-—

El

ENABLE nable DATA N-1 Valid ENABLED DATA N VALID
612 " Bits 6-12 10 nSec. Max. |=-—

NOTE: NOT DRAWN TO SCALE X invaLID DATA

Figure 2. ADC-530 and SHM-45 Timing Diagram

For Immediate Assistance, Dial 1-800-233-2765

CALIBRATION PROCEDURE

1. Connect the converter per Figure 3 and Table 2 for the ap-
propriate full-scale range (FSR). Apply a pulse of 100 nano-
seconds 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 an-
alog input (pin 3) and ground (pin 16). Adjust the output of
the reference source per Table 3. For unipolar, adjust the
zero trimming potentiometer so that the output code flickers
the COMP BIN (pin 7) tied high or between 1111 1111 1111
and 1111 1111 1110 with pin 7 tied low.

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 1000 0000 0000 and 1000
0000 0001 with pin 7 tied high or between 0111 1111 1111
and 0111 1111 1110 with pin 7 tied low.

3. Full-Scale Adjustment
Set the output of the voltage reference used in step 2 to the
value shown in Table 3. Adjust the gain trimming potentio-
meter so that the output code flickers equally between 1111
1111 1110 and 1111 1111 1111 for pin 7 tied high or be-
tween 0000 0000 0001 and 0000 0000 0000 for pin 7 tied
low.

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

reference voltage source to obtain the output coding listed
in Table 4.

Table 2. Input Connections

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

Table 3. Zero and Gain Adjust

FSR | ZERO ADJUST | GAIN ADJUST
+1/2LSB +FS-11/2LSB
0to +10V dc +1.22 mV +909963V dc
0o +20V dc +2.44 mV +19.9927V dc
+10V dc +2.44 mV +9.9927V dc
2-35
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Table 4. Output Coding
STRAIGHT * BIN. COMP. BINARY
UNIPOLAR | INPUT RANGES, V dc OUTPUT CODING INPUT RANGE | BIPOLAR
SCALE Oto +10V | O to +20V | MSB LSB | MSB LSB +10V dc SCALE " _
+FS -1LSB +9.9976V | +19.9951V| 1111 1111 1111 | 0000 0000.0000' +9.9951V +FS -1 LSB
7/8 FS +8.7500V | 17.500V | 1110 0000 0000 | 0001 1111 1111 +7.5000V +3/4 FS
3/4 FS +7.5000V | 15.000V | 1100 0000 0000 | 0011 1111 1111 +5.0000V +1/2 FS
12 FS +5.0000V | +10.000V | 1000 0000 0000 | 0111 1111 1111| ~ 0.0000V 0
1/4 FS +2.5000V | +5.0000V | 0100 0000 0000 | 1011 1111 1111 -5.0000V -1/2FS
1/8 FS +1.2500V | +2.5000V | 0010 0000 0000 | 1101 1111 1111 -7.5000V -3/4 FS
1LSB +0.0024V | +0.0049V {0000 0000 0001 | 1111 1111 1110 -9.9951V -FS +1 LSB
0 0.0000V 0.0000V | 0000 0000 0000 | 1111 1111 1111 -10.000V -FS
OFF. BINARY COMP. OFF. BIN.
+15V
32 [
20K GAIN ADJUST ENABLE (BITS 6-12) }—2
15V ENABLE (BITS 15 & |10
20K 5 lzerosorrseT OVERFLOW)
[ADJUST 30
BIT 1 (MSB) |——
BiT2 |2
*ReUT o1 2 L navee ara -
N | 27
Figure 3. ADC-530 Calibration Setup ! _J: 3 weutHigH  ADC-530 are 28
SHM-45 e—LESS THAN 1~} B -2
12 B
FoLb 12 oranrconvert e ﬁ
[ . BiT 10 |-2L
<L‘°‘ 121,23 Coiﬁ e BIT 125(?;31) ﬁ
S/H CONTROL overFLow }—&
1 s [10
41 putLow
13 16 14 1 12
47uF | 47uF 4.7uF
11 +11
MECHANICAL DIMENSIONS
INCHES (MM) L SL
0.1uF o.mFo 0.1uF
1.101 MAX ~ +15V -5V 45V
o [ $ |
, (280) 0.190 MAX -
l I (4,9)
0.150 MIN.
0.010 X 0.018-
KOVAR Pins “ —L 8
16 17 “ ,
ORDERING INFORMATION
BOTTOM 15 1.712 MAX. OPERATING
VIEW spacEs (439 MODEL TEMP. RANGE SEAL
AT 0.100
(2,5) ADC-530 MC 0to +70 °C Hermetic
ADC-530 MM -55to +125 °C Hermetic
1 32 Receptacle for PC board mounting can be ordered through
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NOTE: Pins have a 0.025 inch, £0.01
stand-off from case.

AMP Incorporated, #3-331272-8 (Component Lead Socket),
32 required.

For availability of MIL-STD-883B versions, contact DATEL.

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



FEATURES

« 14-Bit resolution

« 1.0 uSec. conversion time

- Functionally complete

« Small 32-pin DIP

« Low-power, 2.9 Watts maximum
» Three-state output buffers

« No missing codes

GENERAL DESCRIPTION

DATEL's ADC-908 is a 14-bit, 1.0 microsecond conversion
time, functionally complete A/D converter.

Packaged in a small 32-pin DIP, power requirements are +15
volts and +5 volts with a 2.9 Watts maximum power dissipa-
tion.

ADC-908
High-Resolution

32&%&1.

INPUT/OUTPUT CONNECTIONS

Ultra-Fast A/D Converter

LT

PIN FUNCTION PIN | FUNCTION
1 +10V REF. OUT 17 | BIT 14 OUT (LSB)
2 | BIPOLAR 18 | BIT 130UT
3 | ANALOG INPUT 19 | BIT 120UT
4 | SIGNAL GROUND 20 | BIT110UT
5 | OFFSET ADJUST 21 | BIT10OUT
6 | GAIN ADJUST 22 | BIT9OUT
7 | OVERFLOW 23 | BIT8OUT
8 | COMP. BIN 24 | BIT70UT
9 | ENABLE 25 | BIT6OUT
10 | +5V 26 | BIT50UT
11 | DIGITAL GROUND 27 | BIT40UT
12 | +15V 28 | BIT30OUT
13 | -15V 29 [ BIT20UT
14 | S/H CONTROL 30 | BIT 10OUT (MSB)
15 | ANALOG GROUND 31 | BIT 1 OUT (MSB)
16 | EOC 32 | START CONVERT

—
e DAC
GAIN i
ADJUST 6 — T—I——l
+10V REF 1 — REF f

[l -
R 1
E ™ 1
OFFSET OFFSET G
ADJUST 5 CIRCUIT s ™ —1
L/ FLASH ! - Lo
BIPOLAR 2 } ADC $ M
ANALOG ST £ ™
weut 2 —e R DIGITAL 3-STATE  [™]
CORRECTION [ | ouTPUT |-
1 LOGIC |+ REGISTER |
SIGNAL R
GROUND 4| R I ]
G =1 >
- | L
SH |
CONTROL 14 }—== ? N
Ll
s | |oae i ~
CoNv. 32— “O310 R = =
TIMING H 4 4 [ E—
EOC 16—
10 K 12 15 13 8
+5V DIG. GND. +15V ANA.GND. -5V COMP BIN

For Immediate Assistance, Dial 1-800-233-2765

31 BIT 10UT
30BIT 10UT
29BIT 20UT
28 BIT 30UT
27 BIT 40UT
26BIT 50UT
25BIT 6 0OUT
24 BIT 70UT
23BIT 80UT
22BIT 90UT
21 BIT 10 OUT
20 BIT 11 OUT
19 BIT 12 0UT
18 BIT 13 OUT
17 BIT 14 QUT
9 ENABLE

{(MSB)
(MSB)

(LSB)

7 OVERFLOW

2-37
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS
+15V Supply (Pin 12) -0.3t0 +18 Volts dc
-15V Supply (Pin 13) +0.3t0-18 Volts dc
+5V Supply (Pin 10) -0.3t0 +7.0 Volts dc
Digital Inputs

(Pins 8, 9, 32) -0.3t0 +7.0 Volts dc
Analog Input (Pin 3) 25 Volts
Lead Temp. (10 Sec.) 300 max. °C

FUNCTIONAL SPECIFICATIONS
Apply over theoperating temperature range and at +15V dc

and +5V dc power supply voltages unless otherwise specified.

A/D PERFORMANCE MIN. | TYP. MAX. | UNITS
A/D Conversion Times
+25°C - - 1.0 uSec.
0°Cto +70 °C - - 1.08 uSec.
-55 °C to +125 °C - - 1.15 uSec.
No Missing Codes
(14 Bits) 0to +70 °C
(13 Bits) -55 to +125 °C
OUTPUTS
Resolution 14 Bits
Output Coding
(Pin 8 Hi) Straight binary/offset binary
(Pin 8 Low) Complementary binary
Logic Levels
Logic "1" 24 - - Volts dc
Logic "0" - - 0.4 Volts dc
Logic Loading "1" - - -160 HA
Logic Loading "0" - - 6.4 mA
Internal Reference
Voltage, +25 °C +9.98 | +10.0 [+10.02 |Voltsdc
Drift - +13 +30 ppm/ °C
External Current - - 2 mA
POWER REQUIREMENTS
Power Supply Range
+15V dc Supply +14.25 | +15.0 |+15.75 |Voltsdc
-15V dc Supply -1425 | -15.0 |-15.75 |Voltsdc
+5V dc Supply +4.75 +5.0 +5.25 |Volts dc
Power Supply Current
+15V dc Supply - +85 +95 mA
-15V dc Supply - -7 -80 mA
+5V dc Supply * - +80 +100 mA
Power Dissipation - 27 29 Watts
Power Supply Rejection - - 0.02  |%FSRM%V
PHYSICAL/ENVIRONMENTAL
Operating Temp. Range
-MC 0 - +70 °C
-MM -55 - +125 °C
Storage Temperature
Range -65 - +150 °C
Package Type 32-pin hermetic sealed, ceramic TDIP
Weight 0.42 ounces (12 grams) max.

ANALOG INPUTS MIN. TYP. MAX. | UNITS
Input Voltage Range
- Oto+10 - Volts
- 0 to +20 - Volts
- +5 - Volts
Input Impedance 1 - - K Ohms
Input Capacitance - 7 15 pf
DIGITAL INPUTS
Logic Levels
Logic "1" 2.0 - - Volts dc
Logic "0" - - 0.8 Volts dc
Logic Loading "1" - - 5 pA
Logic Loading "0" - - -200 uA
A/D PERFORMANCE
Integral Non-Linearity
+25°C - +1/2 +3/4 LSB
0°Cto+70°C - +3/4 +1 LSB
-55 °C to +125 °C - +1 +2 LSB
Differential Non-Linearity
+25°C - +1/4 +1/2 LSB
0°Cto+70°C - +1/2 +3/4 LsB
-55°Cto +125°C - +1 +2 LSB
Full Scale Absolute
Accuracy
+25 °C. - +0.08 }+0.122 | %FSR
0°Cto+70°C - +0.18 | £0.36 | %FSR
-55 °C to +125 °C - +0.61 +0.85 %FSR
Unipolar Zero Error,
+25 °C - +0.04 |+0.122 | %FSR
0to +70°C - +0.07 | £0.13 | %FSR
-55to +125 °C - +0.1 +0.17 %FSR
Bipolar Zero Error,
+25 °C (Tech Note 1) - +0.012 | £0.04 %FSR
0to +70°C - +0.07 +0.18 %FSR
-55t0 +125 °C - +0.1 +0.3 %FSR
Bipolar Offset Error,
+25 °C (Tech Note 1) - +0.018 |+0.061 | %FSR
0to +70 °C - +0.12 +0.3 %FSR
-55to +125°C - +0.53 | £0.73 | %FSR
Gain Error,
+25 °C (Tech Note 1) - +0.018 | +0.12 %FSR
0to +70 °C - +0.12 +0.3 %FSR
-55 to +125 °C - +0.53 +0.73 %FSR
2-38

* +5V power usage at 1 TTL logic loading per data output bit.
Specifications subject to change without notice.

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 6. The SAMPLE/HOLD CONTROL, pin 14, is low on power-up.
The START CONVERT pulse should be given at a time de-

1. Use external potentiometers to remove system errors or the lay equal to the desired acquisition time minus the 10 nano-

small initial errors to zero. Use a 20K trimming potentiome-
ter for gain adjustment with the wiper tied to pin 6 (ground
pin 6 for operation without adjustments). Use a 20K trim-
ming potentiometer with the wiper tied to pin 5 for zero/
offset adjustment (ground pin 5 for operation without adjust-
ment).

. 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. Due to
the inductance and resistance of the power supply return
paths, return the analog and digital ground separately to the
power supplies.

. Bypass the analog and digital supplies and the +10V refer-
ence (pin 1) to ground with a 4.7 uF, 25V tantalum electro-
lytic capacitor in parallel with a 0.1 pF ceramic capacitor.
Bypass the +10V reference (pin 1) to analog ground (pin
15).

. Obtain straight binary/offset binary or 2's complement output
coding by tying COMP BIN (pin 8) to +5V dc or leaving it
open. The device has an internal pull-up resistor on this
pin. To obtain complementary binary, complementary off
set binary, or complementary 2's complement output coding,
tie pin 8 to ground. The COMP BIN signal is compatible to

second delay from START CONVERT high to S/H CON-
TROL high. This assures the sample-hold has the minimum
required acquisition time for the particular application mode.

The SAMPLE/HOLD CONTROL pin goes high following the
rising edge of a START CONVERT pulse and low 30 nano-
seconds minimum before EOC goes low. This indicates the
converter can accept a new analog input.

7. Retriggering the START CONVERT pulse before EOC goes

low will not initiate a new conversion.

Table 1. Input Connections

INPUT RANGE INPUT PIN TIE TOGETHER
0to +10V Pin 3 Pins 2 and 4
0to +20 Pin 2 Pins 3 and 4
+5V Pin 3 Pins 2 and 1

Table 2. Zero and Gain Adjust

CMOS/TTL logic levels for those users desiring logic control FSR ZERO ADJUST GAIN ADJUST
of this function. +1/2 LSB FS-1/2LSB
. To enable the three-state outputs, connect ENABLE (pin 9) 0to+10V +305 v +9.999085V
to a logic "0" (low). To disable, connect pin 9 to a logic "1" 0 to +20V +610 uV +19.99817V
(high). +5V +305 pV +4.999085V
ANALOG — '«— ANALOG INPUT SETTLING TIME +18V 18V 45V
INPUT \ : 400 nSec MINIMUM P o
" ! + + > +
L ‘+—HOLD MODE SETTLING i
' —»' et 200 nSecMIN 0.1pF | 0.1pF 0.1pF
START . r—] 5 . oI
CONVERT . N sisvg GAN T
N ! 1+—f——— S/H ACQ. TIME [ 12 15 13| 10 1
! (& > 30 nSec MIN s 19 TNARE
(s:/gNTROL n HOLD " SAMPLE 20K GAIN ADJUST % )
ouT 10 nSec MIN,, 25 nSec MAX. X 15V , (20~ 2:1 ; (MSB)
50 BUSY ' +10V REF (28 oo
. I 27
AO/L?TEoc N —'  |+—25nSec MIN z 56~ BIT4
5T «— 20 nSec MIN., 35 nSec MAX : l""“F e (25~ B75
. ,¢—20nSec ., 35 nSec 2 | >, BIT6
J———— 800 nSec MIN | aroan ADC-908 [z o7
OUTPUT g - BIT8
DATA DATA N-1 VALID D DATANVALID 3 (22 oo
INVALID Oto+10v ANALOG INPUT - B
ENABLED DATA 45V DC 8 cowrem g~ BIT 1
e N VALID —— BIT12
ENABLE —le— '1":3""1'2'; "?AiL):W 10 NS MAX —]l— L2} starT converT —:—5— BIT13
14 = - BIT 14 (LSB)
—1 SmHcoNTROL 7
4 |-~ OVERFLOW
NOTE: NOT DRAWN TO SCALE NOTE: Times shown are guaranteed by design |_SIGNAL GROUND 16 06
over operating temperature and power J 5
supply ranges.
20K
__— " 15V +15V
Figure 2. ADC-908 Timing Diagram ZERO/OFFSET ADJUST

Figure 3. Typical ADC-908 Connection Diagram

For Immediate Assistance, Dial 1-800-233-2765 2-39
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CALIBRATION PROCEDURE

1. Connect the converter per Figure 3, and Table 1 for the ap-
propriate full-scale range (FSR). Apply a pulse of 200 nano-
seconds minimum to the START CONVERT input (pin 31)
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 an-
alog input (pin 3) and ground (pin 4). Adjust the output of
the reference source per Table 2.

For unipolar, adjust the zero trimming potentiometer so that
the output code flickers equally between Q0 0000 0000
0000 and 00 0000 0000 0001 with the COMP BIN (pin 8)
tied high (straight binary) or between 11 1111 1111 1111
and 11 1111 1111 1110 with pin 8 tied low (complementary
binary).

Table 3. Output Coding for Unipolar Operation

D O/ANEL

For bipolar operation, adjust the potentiometer such that the
code flickers equally between 10 0000 0000 0000 and 10
0000 0000 0001 with pin 8 tied high (offset binary) or be-
tween 01 1111 1111 1111 and 01 1111 1111 1110 with pin
8 tied low (complementary offset binary).

Two's complement coding requires use of the MSB (pin 31)
with pin 8 tied high, adjusting the potentiometer such that
the code flickers between 00 0000 0000 0000 and 00 0000
0000 0001.

. Full-Scale Adjustment
Set the output of the voltage reference used in step 2 to the
value shown in Table 2.

Adjust the gain trimming potentiometer so that the output
code flickers equally between 11 1111 1111 1110 and 11
1111 1111 1111 with pin 8 tied high (straight binary) or be-
tween 00 0000 0000 0000 and 00 0000 0000 0001 pin 8
tied low (complementary binary).

Two's complement coding requires use of the MSB (pin 31)
with the pin 8 tied high, adjusting the gain trimming potentio-
meter so that the output code flickers equally between 01

2-40

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

UNIPOLAR INPUT RANGE OUTPUT CODING 1111 1111 1110and 01 1111 1111 1111.
SCALE (Volts) STRAIGHT BIN. COMP. BINARY
0to +10V | 0to +20V MSB LSB | MSB LsB ) . ) -
4. To confirm proper operation of the device, vary the precision
+FS-1LSB | +9.99939 |+19.99878 111111 1111 1111 { 00 0000 00C0 0000 reference voltage source to obtain the output coding listed
718 FS +8.7500 | +17.500 111000 0000 0000 | 000111 1111 1111 in Tables 3 and 4
34 FS +7.5000 | +15.00 110000 0000 0000 | 00 1111 1111 1111 :
12 FS +5.0000 | +10.00 10 0000 0000 0000 | 01 1111 1111 1111
1/4 FS +2.5000 | +5.000 010000 0000 0000 | 10 1111 1111 1111
1/8 FS +1.2500 | +2.500 00 1000 0000 0000 | 110111 1111 1111
1LSB +0.00061 | +0.00122 | 000000 00000001 | 111111 1111 1110
0 0.0000 0.000 00 0000 0000 0000 | 11 1111 1111 1111
Table 4. Output Coding for Bipolar Operation
BIPOLAR | INPUT RANGE OUTPUT CODING
SCALE (Volts) OFFSET BIN. COMP OFF.BIN.  TWO'S COMP.
MECHANICAL DIMENSIONS +5V MSB LSB | MsB LSB | MSB LSB
ES (MM
INCHES (MM) +FS-1LSB | +4.99939 111111 1111 1111 | 00 0000 0000 0000 {01 1111 1111 1111
+3/4 FS +3.7500 11 1000 0000 0000 | 000111 1111 1111 |01 1000 0000 0000
1.101 MAX +1/2FS +2.5000 110000 0000 0000 |00 11111111 1111 (01 0000 0000 0000
28.0) 0 0.0000 10 0000 0000 0000 | 01 1111 1111 1111 |00 0000 0000 0000
0.190 MAX -1/2FS -2.5000 010000 0000 0000 | 10 1111 1111 1141 |11 0000 0000 0000
l—-—l (4,9) -3/4 FS -3.7500 00 1000 0000 0000 | 110111 1111 1111 |10 1000 0000 0000
-FS+1LSB -4.99939 00 0000 0000 0001 | 111111 1111 1110 |10 0000 0000 0001
"0,010 X 0.018 ]] 1 0.150 MIN. FS -5.0000 00 0000 0000 0000 | 11 1111 1111 1111 |10 0000 0000 0000
KOVAR Pins (3,8)
16 17 T [
ORDERING INFORMATION
15 1.712 MAX.
BOTTOM (43,5)
VIEW i?’;ﬁ%g ’ MODEL NUMBER  OPERATING TEMP. RANGE SEAL
@9) ADC-908MC 0°C to +70 °C Hermetic
ADC-908MM -565°C to +125°C Hermetic
1 32 Receptacle for PC board mounting can be ordered
through AMP Inc., Part # 3-331272-8 (Component
('22 9 1 Lead Socket), 32 required.

For availability of MIL-STD-883 versions, contact
DATEL

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



D OVANEL 14-Bit, High Snesd,

PRODUCT DATA Low-Power A/D Converter

o

FEATURES

- 14-Bit resolution

« 2.4 Microsecond maximum
conversion time

- Low-power, 925 milliwatts

« Three-state output buffers

« Functionally complete

« Small 24-pin DIP

GENERAL DESCRIPTION INPUT/OUTPUT CONNECTIONS
PIN | FUNCTION PIN | FUNCTION
DATEL's ADC-914 uses an advanced design to provide a high- y cTio
speed, functionally complete 14-bit A/D converter in a small 1 | BIT 14 OUT (LSB) 13 | 45V
24-pin DIP. The ADC-914 delivers a conversion speed of 2.4 2 | BIT130UT 14 | ENABLE
microsecond while consuming only 925 milliwatts of power. 3 | BIT120UT 15 | EOC
4 | BIT 11 OUT 16 START CONVERT
5 | BIT10OUT 17 BIT 2 OUT
6 [ BIT9OUT 18 | BIT 1 (MSB)
7 | BIT8OUT 19 | ANALOG INPUT
8 | BIT70UT 20 | BIPOLAR
9 [ BIT6OUT 21 +10V REF
10 | BIT50UT 22 +15V
11 | BIT40UT 23 | GROUND
12 | BIT 3 OUT (MSB) 24 [ -15V

———<]J‘ DAC
+10V REF 21 [rer | f {14 ENABLE (MsB)
L | [-> 18 BIT 1 OUT (MSB)
R b= 17 BIT 2 0UT
—

OFFSET g n {12 BIT 30UT
BIPOLAR 20 CIRCUIT —/32 FLASH | {11 BIT 40UT
ADC s ] 10BIT 50UT

ANALOG ! T o I
INPUT 19 Y E DAL " b= 9BIT 60UT

b 3-STATE

R CORRECTION [ | outpur [} 8B/T 70UT
LOGIC |+ REGISTER [+ 7BIT 80UT
R L, > 6BIT 90UT
S L, I~ s8IT100UT
[ I~ aBIT110UT

s ] |
| 3BIT120UT

LOGIC T >
START CONTROL E = 2BIT130UT
CONV. 16 AND R 1 = 1BIT 14 0UT
(LsB)
- TIMING }
EOC 15
13 22 23 24
+5V +15V GND. 15V

Figure 1. ADC-914 Simplified Block Diagram

For Immediate Assistance, Dial 1-800-233-2765 2-41
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LIMITS UNITS PERFORMANCE MIN. TYP. MAX. | UNITS
ly (Pi 8 Volts d Bipolar Zero Error
+15V Supply (Pin 22) Oto+ olts dc +25°C (Tech Note 1) — | 002 |+0031| %FsR
-15V Supply (Pin 24) 0to-18 Volts dc 0°Cto +70 °C _ - '+0.09 | %FSR
+5V Supply(Pin 13) 0510 +7 Volts dc -55 °C to +125 °C - - +0.12 | %FSR
Bipolar Offset Error
Digital inputs -0.310 +7 Volts dc +§i C%ét‘;%ho'éme ) - +0.02 i+0601621 :;o';gg
. - - XU, ¢l
(Pins 14 and 16) 55 °C to +125 °C - - | %015 | %FsR
Analog input -25 to +25 Volts dc Gain Error
Lead temp. (10 sec.) 300 ° C max. +25 °C (See Tech Note 1) - +0.02 |+0.061 | %FSR
0°Cto+70°C - - +0.12 | %FSR
-55°C to +125°C - - +0.15 | %FSR
Conversion Time
+25°C - - 24 |uSec.
FUNCTIONAL SPECIFICATIONS 0 °Cto +70°C - - 24 |uSec.
Apply over the operating temperature range and at +15V dc N -55°C to ;125 °C - - 2.4 |uSec.
i ecified. o missing codes
and +5V dc unless otherwise sp e oo 1a B S
0°Cto+70°C 13 - - Bits
-55 °C to +125 °C 12 - - |Bits
POWER REQUIREMENTS
Power Supply Range
INPUTS MIN. | TYP. | MAX. | UNITS +15V dc Supply 1425 | +15 | +15.75 | Volts dc
i -15V dc Supply -14.25 -15 -15.75 | Volts dc
Analog Signal Range - |Oto+10| - Volts +5V dc Supply +475 | +5 | 4525 | Voltsdc
(See Table 5 also) - 15 - Volts Supply Current
Input Impedance +15V Supply - +20 | +25 mA
Resistance 2 25 - K Ohms -15V Supply - -20 o8 mA
Capacitance - - 50 PF +5V Supply @ - +65 +75 mA
Logic Levels: Power Dissipation - 925 | 1200 | mw
::09!0 a 20 - o8 ¥°::5 Supply Rejection - - +0.01 | %FSR/%V
ogic - - . olts
Logic I?gading: PHYSICAL/ENVIRONMENTAL
Logic 1 - - 25 HA Operating Temperature
Logic 0 - ~ -100 HA Range
OUTPUTS —MC Models 0 - +70 °C
- —MM Models -55 - +125 °C
E:;:‘ﬁzgls: 14 - - Bits Storage Temperature
Logic 1 24 - - Volts Range -65 - +150 °C
Logic 0 - - 0.4 Volts
Logic Loading: Package Type 24-pin hermetically sealed
Logic 1 - - - 160 HA ceramic DIP
Logic 0 - - 6.4 mA Weight 0.42(12)oz.(gram)
Internal Reference:
+Voltage, +25° C 9.98 10 10.02 | Volts dc
Tempco - +5 +30 ppm/ °C . . .
External current _ _ 15 mA @ + 5V power usage at 1 TTL logic loading per data output bit.
Output Coding: Straight binary/Offset binary -
PERFORMANCE
Integral Nonlinearity
+25°C - +1/2 +1 LSB
0°Cto+70°C - +1 +2 LSB
55 °C 10 +125°C - o s s TECHNICAL NOTES
Dminzgt!% Nonlinearity _ 1 +1 LSB 1. Applications unaffected by endpoint errors or those that re-
0 °C to +70 °C _ 1 i LSB move them through software will use the typical connections
-55°C to +125 °C - - +25 LSB shown in Figure 2. The optional exte_rnal circuitry gffigure
Full-Scale Absolute 4 removes system errors or helps adjust the small initial er-
Accuracy rors of the ADC-914 to zero. The external adjustment cir-
+25°C - +0.037 | +0.074 { %FSR cuit has no affect on the throughput rate. Table 1 shows
0°Cto+70°C - +0.074 +0.13 %FSR how to select the input ranQE.
-55 °C to +125 °C - +0.12 +0.2 | %FSR
VUnlfglgzéeﬁs‘rngOte 1) - +0.02 | +0.031 | %FSR 2. Bypass the analog and digital supplies and the +10V refer-
0 °C o +70 °C _ - +0.09 | %FSR ence (pin 21) to ground with a 4.7 uF, 25V tantalum electro-
-55°C to +125°C - - +0.12 | %FSR lytic capacitor in parallel with a 0.1 uF ceramic capacitor.
Bypass the +10V reference (pin 21) to ground (pin 23).
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D OATEL ADC-914

CALIBRATION
1. Apply a pulse 200 nanoseconds minimum to the START CON- 3. Full-Scale Adjustment:
VERT input (pin 16) at a rate of 250 KHz. That rate is chosen Set the output of the voltage reference used in step 2 to the
to reduce flicker if LED's are used on the outputs for calilbra- value shown in Table 4. Adjust the gain trimming potentio-
tion purposes. meter so that the output code flickers between 11 1111
111t 1110and 11 1111 1111 1111,
Connect the converter per Figure 2, Figure 4, and Table 1 for
the appropriate full scale range (FSR). To confirm proper operation of the device, vary the precision
reference voltage source to obtain the output coding listed
in table 6.

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. Table 1. Input Connections

Adjust the output of the reference source per Table 4. For INPUT RANGE | INPUTPIN | JUMPER THESE PINS:

unipolar operation, adjust the zero trimming potentiometer Oto-10Vdc Pin 19 Pin 20 to GROUND
so that the output code flickers between 00 0000 0000 +5V dc Pin 19 Pin 20 to Pin 21
0000 and 00 0000 0000 0001. For bipolar operation, ad-
just the potentiometer such that the code flickers equally be-
tween 10 0000 0000 0000 and 10 0000 0000 0001.

+15V A5V 45V
47uF | 47uF 4.7uF

. +| l . +| l ® . +l
0.1uF | 0.1uF 0.1uF

22 23 24 13 23

ANALOG 19 L 18 571 (MsB):
INPUT —] 17 oo
L2 g3
L1 B4
L 10 g5
—2— BIT 6
. L8 BTy
START 16 ADC-914 - BiTs
CONVERT 6 oo
[T T n I Sttt ——i BIT 10
! 2 Gl 20 BIPOLAR INPUT 3 o
i1 < L 3 BiTi2
| 2
I Il —— BIT13
! 21 . 21 . 5 BIT14
| [ 21 ey | _l:—__t_— +10V REF VS EOC
| 1 + | 14 ENABLE

T Terolar ! @m@-w !
OPERATION : !
________ J

UNIPOLAR
OPERATION

Figure 2. Typical Input Connections for the ADC-914

For Immediate Assistance, Dial 1-800-233-2765 2-43
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Optional Calibration Circuit

R2*

To Pin 19
of ADC-914
SIGNAL
INPUT

50Q
GAIN

ADJUST

4.99KQ ZERO/OFFSET

ADJUST

* See Table 5 for R1 and R2 values.

Figure 4. Optional Calibration Circuit

Table 4. Zero and Gain Adjust

FSR ZERO ADJUST GAIN ADJUST
+1/2LSB +FS-11/2LSB
0to +10V dc +305 pV -9.9991V dc
+5V dc +305 pVv -4.9991V dc

Table 5. Input Ranges
(using external calibration)

INPUT RANGE R1 R2 UNIT
0to +10V, +5V 2 2 K Ohms
0to +5V, +2.5V 1.65 499 K Ohms
Oto+2.5V,+1.25V | 715 4990 Ohms

2-44 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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R R

TIMING

ADC-914

B B L B

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

ANALOG

INPUT _k

|<— 900 nSec ——-I
| min i
| |
START | N“FI'—'I<———+ 200 nSec min

CONVERT l l

DATA INVALID
‘ t=—  Conversion Time max. — &

EOC
| = |<—- gg ngec min I
nSec max
——»: :—— 20 nSec max l

je—— 2.23 u Sec min —»‘ |

SXJXUT Data N-1 Valid Data N Valid

ENABLE —>[ {-—10 nSec max J 10 nSec max —»I |=— Enabled Data N Valid

NOTE: NOT DRAWN TO SCALE

Figure 3. ADC-914 Timing Diagram

Table 6. Output Coding
STRAIGHT BIN.

UNIPOLAR | INPUT RANGES, V dc INPUT RANGE| BIPOLAR
SCALE 0to +10V MSB LSB +5V SCALE
+FS-1LSB +9.99939V 11111111 1111 | +4.99939V | +FS-1LSB
7/8FS +8.7500V 1110 0000 0000 |  +3.7500V | +3/4 FS
3/4FS +7.5000V 1100 0000 0000 +2.5000V | +1/2FS
1/2 FS +5.0000V 1000 0000 0000 0.0000V 0
1/4 FS +2.5000V 0100 0000 0000 25000V | -1/2FS
1/8 FS +1.2500V 0010 0000 0000 -3.7500V | -3/4FS
1LSB . +0.00061V 0000 0000 0001 | -4.99939V | -FS +1LSB
0 0.0000V 0000 0000 0000 -5.0000V | -FS

OFF. BINARY

For Immediate Assistance, Dial 1-800-233-2765 2-45
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0dB
—-20dB
-~40dB
-60dB
-80dB |
]
—100 dB T 1 i
14.99 KHz 59.97 KHz 97 KHz 119.94 KHz
Figure 5. ADC-914 FFT Analysis
MECHANICAL DIMENSIONS
INCHES (MM)
0.800MAX l
@0:3) 0.190 MAX
| | T
“0.010X0.018 ]] 1
. 0.150 MIN.
KOVAR Pins 3.8)
PP ORDERING INFORMATION
MODEL TEMPERATURE SEAL
RANGE
11 1.310 MAX.
vl spacEs  (33.3) ADC-914MC 0 °Ct0 +70 °C Hermetic
AT 0.100 ADC-914MM -55°C to +125°C Hermetic
(2.5)
1 24 —l— A receptacle for PC board mounting can be ordered
through AMP  Incorporated, #3-331272-8 (Component
0.600 Lead Socket), 24 required.
(15,2) For availability of MIL-STD-883 Versions, contact DATEL.
NOTE: Pins have a 0.025 inch, +0.01
stand-off from case.
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FEATURES

/NMNE[L

+ Single supply operation

+ Automatic standby mode control
+ Low power consumption

» Six input ranges

+ MIL temperature ranges available

GENERAL DESCRIPTION

The ADC-HC is a complete, 12-bit, low-power, analog-to-
digital converter utilizing CMOS technology. This hybrid IC
incorporates active laser trimming of highly stable thin-film
resistors to provide module performance with IC price, size
and reliability.

The device is ideal for portable and remote applications
such as seismology, oceanography, meteorology, and
pollution monitoring. Other key applications include military
and aerospace, requiring wide operating temperature
ranges and high reliability.

The ADC-HC converter can operate from either a single
+9V dc to +15V dc power source (interrupt power mode) or
from a £9V dc to +15V dc power source (continuous power
mode) at a maximum conversion rate of 3.3 KHz.

A key feature of this unit when operating in the interrupt
power mode is the extremely low quiescent power

consumption (less than 10 pA at 12V, 25°C).

ADC-HC12B

12-Bit, Low-Power

MECHANICAL DIMENSIONS
INCHES (MM)

I 1,101 MAX
— o
@0 0190 MAX
0.010X 0.018
0 150 MIN
KOVAR Pins. 38)
16 17 T
| i
| |
i i
i i
| i
] i 5 1.712 MAX
| BOTTOM ! ! (43.5)
! TViEw | | SPACES -
! { | ATo100
i P @)
| |
i |
i |
i i
! |
1 32
0900 ‘_I
(22,9)

NOTE: PINS HAVE 0.025 INCH STANDOFF FROM CASE, +0.01

DIGITAL GAN  ZERO zERD
Voo CoM Vss ADJ. TRIM WIPER TRIM
é? @ ® @& 6 G
}—= TO REF AMP
POWER .
R O aumy e ro cowtmou aue
GENERATOR
12 BIT DAC
BIPOLAR
ofFseT VNV
[t
REF. ouT 20} L. - ?VTI_P,OZVER_SY",T?HES___”“_‘
20v
Bor @ ReEsen THIN FILM RESISTOR NETWORK
10K
Mo @ BEEEEEEREREN
Wor & Jlixll L1
10K @ semaLour
SUM 5o SUCCESSIVE —
JUNC. l/>‘r R EOC.
O START
anvmos @ P 8) CONVERT
—
f T
il ||
©® 0000OOOOOVLEE®
CLOSK Biiamiz 3 4 5 6 7 8 9 10 1 12
(MSB) (MSB) BIT NO. (LsB)

I
PARALLEL DATA OUT

For Immediate Assistance, Dial 1-800-233-2765

A/D Converte

INPUT/OUTPUT
CONNECTIONS
PIN FUNCTION PIN FUNCTION
1 BIT 1 (MSB) 17 POWER MODE
2 BIT 1 (MSB) 18 Voo
3 BIT 2 19 Vs
4 BIT3 20 REF OUT
5 BIT 4 21 START CONVERT
6 BIT5 22 DITITAL COM.
7 BIT6 23 ANALOG COM.
8 BIT7 24 BIPOLAR OFFSET
9 BIT8 25 SUM. JUNC.
10 BIT9 2 10V INPUT
11 BIT 10 27 20V INPUT
12 BIT 11 28 GAIN ADJ.
13 BIT 12 (LSB) 29 ZERO TRIM
14 SERIAL OUT 30 ZERO ADJ (WIPER)
15 CcLOCK OUT 31 ZERO TRIM
16 E£.0.C. (STATUS) 32 N.C.
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D [OV/ANEL

ABSOLUTE MAXIMUM RATINGS

Positive Supply (Vop) . . . .. +18V
Negative Supply (Vss) . . . .. -18V
Analoginputs. ........... +25V
Digitallnputs .. .......... 0 to Vop

PHYSICAL/ENVIRONMENTAL

FUNCTIONAL SPECIFICATIONS

Typical at 25°C, + 12V, unless otherwise noted.

Operating Temperature
Range ................ 0°Cto +70 °C (BMC)
* -55°Cto+125 °C (BMM, BMM-QL)

Storage Temperature Range —65°C to +150°C

Package Type ........... Ceramic
Pins ................... 0.010 x 0.018 inch Kovar
Weight ................. 0.5 ounces (14 g.)

INPUTS
Analog Input Ranges,
unipolar .............. Oto +5V,0to +10V, 0 to +20V
Analog Input Ranges,
bipolar................ +2.5V, +5V, +10V
Input Impedance ......... 5K (0to +5V, +2.5V)

10K (0 to + 10V, +5V)
20K (0 to +20V, % 10V)

................. Positive Pulse with duration of 50
microseconds minimum

Start Convert,
Continuous Mode . . . . . .. Positive Pulse with duration of 5
. microseconds minimum
Vie(Logic “0)........... 0.3 Vpp maximum
Vi (Logic “17) .......... © 0.7 Vpp minimum
inputCurrent .. .......... 30 pA
Input Capacitance . ... .. .. 15 pF
-OUTPUTS
Parallel OutputData . .. ... 12 parallel lines of data, held until next
conversion command
VoL (Logic ““0™’) .......... oV, —2.0 mA
Vou (Logic 1) . ......... Vpp, +4.0 mA
All Digital Outputs ... ... .. CMOS Compatible
Coding, unipolar ......... Straight Binary
.Coding, bipolar .......... Ofiset Binary, 2’s Complement
SerialOutput ... ...... ... NRZ successive decision pulses out
MSB first, Straight Binary or Offset
Binary
ClockOutput ............ Train of positive going (Vpp)
25 microseconds pulses, 40 kHz
E.O.C.(Status)........... Conversion Status Signal, Logic 1"
during reset and conversion, Logic ‘0"’
when conversion complete (data valid)
PERFORMANCE
Resolution .............. 12 Bits
Nonlinearity . ............ + % LSB maximum
Differential Nonlinearity ... + 14 LSB maximum
GainError. . ............. Adjust to zero
Offset or Zero Error . ... ... Adjust to zero
GainTempco ............ + 30 ppm/°C maximum
Offset Tempco . . .. +20 ppm/°C of FSR maximum
Zero Tempco . . . .. +10 ppm/°C of FSR
Diff. Nonlinearity Tempco . . +2 ppm/°C of FSR
No Missing Codes ........ Guaranteed over operating temperature
range
ConversionTime ......... 300 microseconds maximum
Throughput Time . ... ... .. 305 microseconds maximum continuous
power mode
350 microseconds maximum interrupt
power mode
Power Supply Rejection ... 003%/% Supply
POWER REQUIREMENTS
Continuous Power Mode
VDD - oo +9.0Vto +15.0V
Vgs ..... . -9.0Vto -15.0V

Interrupt Power Mode Vpp . . +9V to +15.0V

Power Consumption,
ContinuousMode . . .. . .. 165 mW typical, 200 mW maximum
QuiescentMode . . ...... 150 pW maximum, 15 uW typical

TECHNICAL NOTES

1. The ADC-HC contains CMOS components and must be prop-
erly handled to prevent damage from static pick-up. Proper
anti-static handling procedures should be observed including
storage in conductive foam or shorting all pins together with
aluminum foil. Do not connect in circuit under “power on’’
conditions. Digital signals should be applied after the con-
verter’s power has been turned on.

2. For single supply (+12V nominal) or dual supply (+12V
nominal) operation, bypass the power input pins to ground
with a 0.1 uF ceramic capacitor. It is not critical that the sup-
plies be balanced.

3. Analog and digital grounds should be kept separate
whenever possible to prevent digital signals from flowing in
the analog ground circuit and inducing spurious analog signal
noise. Analog Common (Pin 23) and Digital Ground (Pin 22)
are not connected internally and must be tied together
externally.

4. The ADC-HC can operate from either a single or dual supply.
When using dual supplies, tie POWER MODE (Pin 17) to Voo
(Pin 18). In this continuous power mode, an A/D conversion
will take place when a 5 microseconds or greater positive go-
ing pulse is applied to START CONVERT (Pin 21). For single
supply operation (interrupt power mode), tie Power Mode (Pin
17) to E.O.C. (Pin 16). When EOC goes low, the converter is
switched to standby mode (power is disconnected to analog
circuitry) and digital output data becomes valid and remains
valid until next start pulse is applied. Upon receipt of a 50
microseconds minimum, 500 microseconds maximum pulse
on START CONVERT (Pin 21), the converter will stabilize,
make a complete conversion and return to standby mode.

5. Digital output codes are listed in coding tables. Parallel data
is valid when EOC is in low state. This data can be transferred
into latches during a logic “1”" to logic ‘0" transition of the
EOC line. Serial data out (Pin 14) is in NRZ (non-return to
zero) format. This data :is guaranteed valid in a 50
nanoseconds to 300 nanoseconds time frame after the
positive edge of the clock. All digital inputs and outputs are
CMOS compatible. See application notes for CMOS-TTL
interface.

6. REF OUT (Pin 20) is a 6.3V +5% internal reference pin
connection.

7. For zero or offset and gain adjustment, refer to connections
and calibration. notes. The trim pots should be located as
close as possible to the converter to avoid noise pickup. Zero
point is always adjusted first, followed by gain, the adjust-
ment with analog input at the most positive end of analog
range. The range of the OFFSET (ZERO) ADJ. is + 15 mV.
The range of GAIN ADJ. is 0.1% of full scale range can also
be increased by decreasing the value of the series resistor
(3.9 MQ nominal). Potentiometer values are 10K and should
be 100 ppm/°C ceramic type.
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ADC-HC12B

CONNECTIONS AND CALIBRATION
ADC-HC TIMING DIAGRAM

«— 50 usec MIN FOR INTERRUPT MODE

TART CONVERT
<— Susec MIN FOR CONTINUOUS MODE s
1
0.2us !
MAX -”‘ -—|<2»sec0”62ysec- lozausec d
1
CLOCK OUT
o 1
|
i I
| )
||'-vo,|5usscMAX ;
S it S St S St St At it St i R
BIT ' SERIAL DATA

VDD"'“‘
1
! 1
' RESET
[y -

_.”._ 0.5 usec MAX

i P ) 1

! BIT | BIT 1 BIT ! BIT \ BT (81T | BlTIB!T 1o e oam
H 141518 10 1 12
1
S N S

I o (CLOCKED ON POSITIVE
[ CLOCK TRANSITIONS)
(T S

213 (4 1!
| |
i

-

11

—t

50 nsec MIN
300 nsec MAX

Voo
EOC.
[ S
CONNECTIONS DIAGRAM
INTERRUPT MODE CONNECTION
EOC. 16 17 EOC. 16 7 ] CONTINUOUS MODE CONNECTION
CLoCK ouT 15 18 CLOCK OUT =———{ 15 18
SERIAL OUT 14 19 | NC + SEHI_ALOUT -— 14 19 _ 1 0‘__1_" v
’Tga —]13 20 }» REFOUT ==0.1)FZ  +9V TO +15V LSB ~——— 13 20 »REFOUT:OJ = -9vVTO 'V,,r +15V SUPPLY
—12 21 fa— START - SupPLY — 12 21 {«— START | ,F [+~ 15 SUPPLY, J
-~ 11 22 -— 1 22
" ol | UNIPOLAR CONNECTION, 23 TO 24 " Sl | UNIPOLAR CONNECTION, 23 TO 24
—° ADCHC z; """ BIPOLAR CONNECTION, 24 TO 25 — ADC-HC 24 """ BIPOLAR CONNECTION, 24 TO 25
~—As F—=5— -8 25 =
QoA — 7 z |1y éo',:‘" 39ma oA — ——]7 = jov :m%m&é 39MQ
-~ : Z; 20V 700Kk 3= GAIN ADJ. DE— : z; Noox 51 AN ADy
-4 29 -— 4 29
-—a3 30 r—’%‘OK ZERO ADJ. -—A3 30 ——% 10K ZERO ADJ.
MSB ——{ 2 31 MSB «—-—r 2 31
| ™S8 1 32 | NC | MSB «——r 1 32{ NC
MODE-SINGLE SUPPLY OPERATION MODE-DUAL SUPPLY OPERATION
OUTPUT CODING CALIBRATION PROCEDURE
INPUT VOLTAGE RANGE CODING . . .
1. Connect the converter as shown in the Connection Diagram.
UNIPOLAR STRAIGHT BINARY . . . A
Use the Input Pin Connections table for the desired input
Olo +20V } Oto +10V | 0to +3Y wes e It nge. Apply start conversion pulses to start pin
*;SFEI Ls8 +:g%& +g.9976 +ggggg 1(1){1)1 333& 1111 voltage ral g - APPlY p pin.
. +5. +2.! 1000
Liiss 00049 15004 | Y0012 | 0000 6000 0001 2. Zero and Offset Adjustment
2ERO 0.0000 0.0000 0.0000 0000 0000 0000 Apply a precision voltage reference source between the
selected analog input range and ground. Adjust the output of
BIPOLAR OFFSET BINARY" the reference source to + % LSB. Adjust the zero trimming
10V 5V 2.5 ms8 LS8 potentiometer so that the output code flickers equally be-
ST iddm | 3% | 1IE% | oo o0 0w tween 0000 0000 0000 and 0000 0000 oot forunipolar and.
+ +0. +0. 0.0012 1000 0000 0001 .
.00 0.0024 +0.0012 1000 9009 9003 1000 0000 0000 and 1000 000 1 for bipolar mode
e | g | camn | cade | oo 3. Full Scale Adjustment
Change the output of the precision. reference source for-
“For 2's COMPLEMENT, MSB is inverted, use MSB (pin 1) +FS -1, LSB. Adjust the gain trimming potentiometer so
1 11111
INPUT PIN. CONNECTION that the output code flickers equally between 111
S 1110 and 1111 1111 1111,
CONNECT THESE 3 . )

INPUT VOLTAGE RANGE INPUT PIN PINS TOGETHER 4. For bipolar operation, the offset and Full Scale Adjustment
0to +5V 26 23t024,25t0 27 are interactive. Repeat the offset and Full Scale Adjustment
0to +10V 26 2310 24 procedure as necessary until both points are set.
0to +20V 27 23to 24

+2.5V 26 2410 25, 25 to 27
+5V 26 241025
+ 10V 27 241025

For Immediate Assistance, Dial 1-800-233-2765
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APPLICATIONS
ADC-HC INTERRUPT POWER MODE ADC-HC CONTINUOUS POWER MODE
DISSIPATION Wy !
TYPICAL @25°C SURELY cumRENT
mA @ 25°C
1000 mW 6
Vv
Vg = +15V /
100 mwW Vg = +12v ] 5 Vv

Vg = +9V

10 mW

_.——-——_-,;:""‘
1mw
22 k3
_____ = = 4 e e e e e — ] QUIESCENT DISSIPATION
0.1 mwW T @12V, 25°C 120 xW MAX. 2 1
1 10 100 1000 2000 v 12v 15V
‘CONVERSIONS/sec SUPPLY VOLTAGE F
LOW POWER MICRO-PROCESSOR INTERFACE
|l ANALOG
N
3;5’0%:! MEMORY wP Pgom I‘)?GBITr;?. AD
HEAl_'J_ OUTPUT
INTERRUPT
READY EOC.
MEMORY
WRITE
._‘} DATA
SYSTEMS COMPONENTS . MANUFACTURE MODEL BITS TYPE
?‘ DATA BUS g LOW POWER MICROPROCESSOR RCA CDP1802 8 CMOS
INTERSIL 1M6100 12 CMOS
AID COI DATEL ADC-HC 12 CMOS
TTL-CMOS INTERFACE
+5V Vob 45V
Voo GND Pk Veo Vs
—| D Bk w0 > | —
e TIL
LOGIC LOGIC
HIGH
¥_?LLTAGE ADC-HC CD4050
CMOS and TTL logic are not compatible due to different
threshold levels. They can, however, be interfaced by
simple techniques.
The START CONVERT (Pin 21) can be driven directly
from an open collector, high voltage TTL gate. Resistor
Rx is used to source current and bring the TTL output up
to the CMOS threshold level. Typical values of Rx are
3.3K to 10K ohms. ORDERING INFORMATION
CMOS to TTL interface requires sufficient sink current D TEMP. RANGE SEAL
in the low state. The CD4049 (inverting) and CD4050 MODEL
(noninverting) buffers, powered from +5V logic supply ADC-HC12BMC 0to +70 °C Hermetic
can accept input voltage swings of +5 to +15V from the ADC-HC12BMM -55to +125 °C Hermetic
CMOS system. Each buffer gate candrive atleastonein- ADC-HC12BMM-QL  -55to +125°C Hermetic

put from any TTL family.
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FEATURES

« 12-Bit resolution

« Internal sample and hold

« 6 Microseconds acquisition time
+ 9 Microseconds conversion time
« Programmable input ranges

+ Parallel & serial outputs

GENERAL DESCRIPTION

The ADC-HS12B is a high performance 12-bit hybrid A/D
converter with a self-contained sample-hold. It is specifically
designed for systems applications where the sample-hold is
an integral part of the conversion process. The internal
sample-hold has a 6 microseconds acquisition time for a full
10V dc input change; the A/D converter has a fast 9
microseconds conversion time. Five input voltage ranges
are programmable by external pin connection; 0 to +5V, 0
to+10V, £2.5V, £5V, and +10V. Input impedance to the
sample-hold is 100 megohms. Output coding is
complementary binary for unipolar operation and
complimentary offset binary for bipolar operation, with both
parallel and serial outputs brought out.

The ADC-HS12B uses a fast 12-bit monolithic DAC which
includes a precision zener reference source. The circuit also
contains a fast monolithic 12-bit successive approximation
register, a clock and a monolithic sample-hold.

R

SAMPLE  BIPOLAR REF

Cy  CONTROL OFFSET OUT +15Vdc -15Vdc +5Vdc

@ @ @ (8 )
l I 6.3K
e 12 BIT —) i
D/A CONVERTER - © goma
e COMPARATOR T T T T li J LI L

20v

RANGE {25/
ANALOG
CcoM

i

0JCJOIElE]CClOIOlClO/CIVENE)

x = 7 4 1 g2
8'— & 12 11 10 9 8 6 5 3 2 ESS
33 E3 s8 BIT NO. msB B33
23 T ’
o
PARALLEL DATA OUT

For Immediate Assistance, Dial 1-800-233-2765

SHORT
" g—Dé SUCCESSIVE 9 cveLe
1ov APPROXIMATION ) EOC.
Foanoe @) 5K REGISTER @ (STATUS)

ADC-HS12B
12-Bit A/D Converter

MECHANICAL DIMENSIONS
INCHES (MM)

1.101
(28.0) MAX
0.190 (4,9) MAX

——=

6
0-150 MIN (3. N ;
0.010 x 0.160 (4,1) KOVAR

V16 171 1.600
' [
3 1
' '
L L)
' '
1 '
\ BOTIOM 4 | ATOMOGEA 1712
. VIEW ) 43,5)
' N AX
' ]
' '
. L
. '

T ON TOP. ' [

gEE)FERENCES——‘ (B} 324 0.100
PIN 1

0.900 «— 0.100
(22.8) (2.5)

NOTE: PINS HAVE 0.025 INCH STANDOFF FROM CASE, +0.01”

With Sample-Hold

INPUT/OUTPUT
CONNECTIONS
PIN FUNCTION PIN FUNCTION
1 BIT 12 OUT (LSB) 17 Cy
2 BIT 11 OUT 18 REF OUT
3 BIT 10 OUT 19 CLOCK ouT
4 BIT 9 OUT 20 E.O.C. (STATUS)
5 BIT 8 OUT 21 START CONVERT
6 BIT 7 OUT 22 COMPAR INPUT
7 BIT 6 OUT 23 BIPOLAR OFFSET
8 BIT 5 0UT 24 10V RANGE
9 BIT 4 OUT 25 20V RANGE
10 BIT 3 0UT 26 ANALOG COM
1" BIT 2 OUT 27 GAIN ADJ.
12 BIT 1 OUT (MSB) 28 + 15V POWER
13 SERIAL DATA OUT 29 S.H. OUTPUT
14 SHORT CYCLE 30 ANALOG IN
15 DIGITAL COM 31 - 15V POWER
16 +5V POWER 32 SAMPLE CONTROL
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ADC-HS12B

E

ABSOLUTE MAXIMUM RATINGS PHYSICAL/ENVIRONMENTAL

Positive Supply, pin28 ........ +18V Operating Temperature Range .. 0°Cto 70°C  (BMC)
Negative Supply, pin31 ........ -18V -55 °C o +125 °C (BMM, BMM-QL)
'699!':’ 'Sl“PP"V‘y clw:tage, pin16.... +5.5V Storage Temperature Range . ... —65°C to +150°C
igita 1’}'9';1 ;2 age, v Package Type................ 32 pin ceramic
pins14,21,32...... XRREEEED +5.5 PINS . ..ouoeinneeneeaannnns 0.010 x 0.018 inch Kovar
Analog Input Voltage, pin 30 ... +15V Weight.......oovvienenennn.. 0.5 ounce (14 grams)
FUNCTIONAL SPECIFICATIONS FOOTNOTES:

Typical at 25°C,  + 15V and + 5V supplies unless otherwise noted. 1. For sample-hold input
2. All digital outputs can drive 2 TTL loads

3. For 1000 pF external hold capacitor

INPUTS

Analog Input Ranges, unipolar ..
Analog Input Ranges, bipolar ...
Inputimpedance’.............
InputBiasCurrent!............
Start Conversion .............

Sample ControlInput . .........

Oto +5V,0to +10V

+2.5V, +5V, +10V

100 megohms

50 nA typical, 200 nA max.

2V min. to +5.5V max. positive

pulse with 100 nsec. duration min.

Rise and fall times <30 nsec.
Logic high to low transition resets
converter and initiates next
conversion.

Loading: 2 TTL loads

Logic high = hold

Logic low = sample

Loading: 1 TTL load

QUTPUTS?

ParallelOutputData...........

Coding, unipolar..............
Coding, bipolar...............
SeriaiOutputData ............

End of Conversion (status) .....

ClockOutput ................

12 parallel lines of data held until
next conversion command.

Vout (0”)= +0.4V

Vourt ("17)= +2.4V
Complementary Binary
Complementary Offset Binary
Successive decision pulses out,
NRZ format. MSB first

Conversion status signal. Output is

logic high during reset and
conversion and low when
conversion is complete.

Train of positive going +5V, 100
nsec. pulses at 1.5 MHz rate.

SAMPLE-HOLD PERFORMANCE3

Input OffsetDrift..............
Acquisition Time, 10V t0 0.01%
Bandwidth ..................
Aperture Delay Time ..........
Aperture Uncertainty Time .....
‘Sample toHoldError ..........
Hold ModeDroop .............
Hold Mode Feedthrough .......

25 uV/I°C

. 6 usec.

1 MHz

100 nsec.

10 nsec.

2.5 mV max.

200 nV/usec. max.
0.01% max.

CONVERTER PERFORMANCE

Resolution ..................
Nonlinearity .................
Differential Nonlinearity . .. .....
Temp. Coefficientof Gain ......
Temp. Coefficient of Zero,
unipolar . ..................
Temp. Coefficient of Offset,
bipolar ....................
Differential Nonlinearity
Tempeco..........coovinnnn
MissingCodes ...............
ConversionTime .............
Power Supply Rejection. .......

12 bits (1 part in 4096)
+ 1% LSB max.

+ % LSB max.

+ 20 ppm/°C max.

+5 ppm/°C of FSR max.
+10 ppm/°C of FSR max.
+2 ppm/°C of FSR

None over oper. temp. range
usec. max.

9
0.004%/% max.

POWER REQUIREMENTS

Power Suppy Voltage..........

+15V dc +0.5V at 20 mA
—15V dc +0.5V at 25 mA
+5V dc +0.25V at 85 mA

TECHNICAL NOTES

1. It is recommended that the £15V power input pins both be
bypassed to ground with a 0.01 uF ceramic capacitor in par-
allel with a 1 uF electrolytic capacitor and the +5V power in-
put pin be bypassed to ground with a 1 uF electrolytic capac-
itor as shown in the connection diagrams. In addition, pin 27
should be bypassed to ground with a 0.01 uF ceramic ca-
pacitor. These precautions will assure noise free operation
of the converter.

2. Digital Common (pin 15) and Analog Common (pin 26) are
not connected together internally, and therefore must be
connected as directly as possible externally. It is recom-
mended that a ground plane be run underneath the case be-
tween the two commons. Analog ground and +15V power
ground should be run to pin 26 whereas digital ground and
+5V dc ground should be run to pin 15.

3. External adjustment of zero or offset and gain are provided
for by trimming potentiometers connected as shown in the
connection diagrams. The potentiometer values can be be-
tween 10K and 100K ohms and should be 100 ppm/ °C, cer-
met types. The adjustment range is +0.5% of FSR for zero
or offset and +0.3% for gain. The trimming pots should be
located as close as possible to the converter to avoid noise
pickup. Calibration of the ADC-HS12B is performed with the
sample-hold connected and operating dynamically. This re-
sults in adjusting out the sample-hold errors along with the
A/D converter. For slow throughput applications it is recom-
mended that a 0.01 uF hold capacitor be used for best accu-
racy. With this value the acquisition time becomes 25 micro-
seconds and the external timing must be adjusted
accordingly.

4. The recommended timing shown in the Timing Diagram al-
lows 6 microseconds for the sample-hold acquisition and
then 1 microsecond after the sample-hold goes into the hold
mode to allow for output settling before the A/D begins its
conversion cycle.

5. Short cycled operation results in shorter conversion times
where the conversion can be truncated to less than 12 bits.
This is done by connecting pin 14 to the output bit following
the last bit desired. For example, for an 8-bit conversion, pin
14 is connected to bit 9 output. Maximum conversion times
are given for short-cycled conversions in the Table.

6. Note that output coding is complementary coding. For uni-
polar operation it is complementary binary and for bipolar
operation it is complementary offset binary. In cases where
bipolar coding of offset binary is required, this can be
achieved by inverting the analog input to the converter (using
an operational amplifier connected for gain of -1.0000). The
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converter is then calibrated so that — FS analog input gives
an output code of 0000 0000 0000, and +FS -1 LSB gives
1111 1111 1111,

~

. These converters dissipate 1.81 watts maximum of power.
The case to ambient thermal resistance is approximately
25°C per watt. For ambient temperatures above 50°C, care
should be taken not to restrict air circulation in the vicinity of
the converter.

8. These converters can be operated with an external clock. To
accomplish this, a negative pulse train is applied to START

ADC-HS12B

e ]

CONVERT (Pin 21). The rate of the external clock must be
lower than the rate of the internal clock. The pulse width of
the external clock should be between 100 nanoseconds and
300 nanoseconds. Each N bit conversion cycle requires a
pulse train of N + 1 clock pulses for completion, e.g., an
8-bit conversion requires 9 clock pulses for completion. A
continuous pulse train may be used for consecutive conver-
sions, resulting in an N bit conversion every N + 1 puises, or
the E.O.C. output may be used to gate a continuous pulse
train for single conversions.

TIMING DIAGRAM FOR ADC-HS12B

% 100 nsec. MIN.

TRIGGER

v
1
|

SAMPLE ] |
EoNTROL | © usec |

START
CONVERT

9 usec. MAX. —

1
EO.C |
(STATUS) !

T

CLOCK
out

PARALLEL DATA

NOW VALID

DATA OUT

SERIAL |
)
0

IBITS

BIT 1
OuT (MSB)

BIT2
out

|
i | '
| | i
' wl AI T
T7 BITY i{BIT10'| BIT 11 | 1BIT 12
LBIT 6 .J Bl l BIT8 L| 91 | | (LS8)
T '
! ' |
' '
'
|

BIT3
out

BIT 12
OUT (LSB)

NOTE: TRIGGER, SAMPLE CONTROL, AND START CONVERT
PULSES MUST BE EXTERNALLY GENERATED

UNIPOLAR OPERATION, 0 TO +10V

- |5V +15V
L
01 0.01
°F WL
31 28
ANALOG IN
0 TG +10V) o—] 30
ANALOG 2 15 MEG soK
one OFFSET
29 ADC-HS12B ADJ
2.8 MEG
24 27 =2 50K
GAIN
23 T 0.01 4F ADJ
17 32 21
o . - 15V
SAMPLE  START POLYSTYRENE OR
10000 6F T CONTROL CONVERT TEFLON TYPE

For Immediate Assistance, Dial 1-800-233-2765

BIPOLAR OPERATION,

-15V +15V +5V

|,‘F I“F
A
P ; ‘2(3‘ 1
e

31 28

+15V

ANALOG IN
(+5V) o— 30 15—

ANALOG 0— 26
GND

29  ADC-HS128

+15V 2.8 MEG

< 50K
- '
0.01 4F

1.5 MEG T ¥
50K 22 L

OFFSET
ADJUST 17 32 21

o b

16500 pF L sawpe  stanT
T CONTROL CONVERT
= *POLYSTYRENE OR
TEFLON TYPE

- 15V
-15V
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CODING TABLES

* UNIPOLAR OPERATION BIPOLAR OPERATION
COMP. COMP.
INPUT RANGE BINARY CODING INPUT VOLTAGE RANGE . | OFFSET BINARY
0TO +10V 0TO +5V MSB LSB +10V +5V +2.5V MSB LSB
+9.9976V +4.9988V 0000 0000 0000 +9.9951V | +4.9976V | +2.4988V | 0000 0000 0000
+8.7500 +4.3750 0001 1111 1111 +7.5000 +3.7500 +1.8750 | 0001 1111 1111
+7.5000 +3.7500 0011 1111 1111 +5.0000 +2.5000 +1.2500 | 0011 1111 1111
+5.0000 +2.5000 o111 1111 1111 0.0000 0.0000 0.0000 o111 1111 1111
+2.5000 +1.2500 1011 1111 1111 —-5.0000 -2.5000 -1.2500 1011 1111 1111
+1.2500 +0.6250 1101 1111 1111 —-7.5000 -3.7500 ~1.8750 1101 1111 1111
+0.0024 +0.0012 1111 1111 1110 ~9.9951 -4.9976 —2.4988 1111 1111 1110
0.0000 0.0000 1111 1111 1111 —10.0000 —5.0000 —-2.5000 1111 1111 1111
CALIBRATION PROCEDURE CALIBRATION TABLE
1. Connect the ADC-HS12B as shown in one of the connection
diagrams. The sample-hold and A/D converter should be UNIPOLAR RANGE ADJUST. INPUT VOLTAGE _
timed as shown in the timing diagram. The trigger pulse Oto +5V ZERO +0.6 mV
should be applied at a rate of 70 kHz or less and should be GAIN +4.9982V
100 nanoseconds minimum width. 0to +10V ZERO +1.2mV
2. Zero and Offset Adjustments GAIN +9.9963V
Apply a precision voltage reference source between the BIPOLAR RANGE
selected analog input and ground. Adjust the output of the
reference source to the value shown in the Calibration Table +2.5V Ogi?ﬁ T R g:ggg\\;
for the unipolar zero adjustment (zero +1, LSB) or the te
bipolar offset adjustment (—-FS + 14 LSB). Adjust the trim- +5V OFFSET -4.9988V
ming potentiometer so that the output code flickers equally GAIN +4.9963V
between 1111 1111 1111 and 1111 1111 1110. +10V OFFSET -9.9976V
3. Full Scale Adjustment GAIN +9.9927V
Change the output of the precision voltage reference source
to the value shown in the Calibration Table for the unipolar or SHORT CYCLE OPERATION

bipolar gain adjustment (+FS - 1%, LSB). Adjust the gain
trimming potentiometer so that the output code flickers
equally between 0000 0000 0001 and 0000 0000 0000.

PIN 14 CONNECTION FOR
SHORT CYCLE OPERATION

RES. (BITS) | PIN 14 TO | CONV. TIME }
1 PIN 11 0.7 usec ) ey
2 PIN 10 13
3 PIN 9 2.0 9 8 7 6
4 PIN 8 26 FOR CONVERSION TO N BITS
5 PIN 7 33 SONHE S ot e T
6 P'N 6 40 TERMINAL, PIN 14
7 PIN 5 46
8 PIN 4 53
9 PIN 3 60
10 PIN 2 66
11 PIN 1 73
12 PIN 16 9.0
INPUT CONNECTIONS
INPUT
VOLTAGE CONNECT THESE PINS
RANGE TOGETHER ORDERING INFORMATION
Oto +5V 29 & 24 22 & 25 23 & 26
0to +10V 29 & 24 — 23 & 26 MODEL TEMP. RANGE
+2.5V 29 & 24 22 &25 23 & 22 ADC-HS12BMC 010 +70 °C
+5V 29 & 24 — 23 & 22 ADC-HS12BMM -551t0 +125 °C
+10V 29 & 25 — 23 & 22 ADC-HS12BMM-QL -551t0 +125 °C
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FEATURES

» 12-Bit resolution

- 8-or 20-Microseconds conversions
« 5input ranges

« Internal high Z buffer

« Short-cycle operation

GENERAL DESCRIPTION

The ADC-HX12B and ADC-HZ12B are self-contained, high
performance, 12-bit A/D converters manufactured with
thick-and thin-film hybrid technology. They use the
successive approximation conversion technique to achieve
a 12-bit conversion in 20 and 8 microseconds respectively.
Five input voltage ranges are programmable by external pin
connection: 0 to +5V, 0 to +10V, £2.5V, +5V, and +10V. An
internal buffer amplifier is also provided for applications
where 100 megohm input impedance is required.

These converters utilize a fast 12-bit monolithic DAC which
includes a precision zener reference source. The circuit also
contains a fast monolithic comparator, a monolithic 12-bit
successive approximation register, a clock and a monolithic
buffer amplifier. Nonlinearity is specified at +'. LSB
maximum.

Both models have identical operation except for conversion
speed. They can be short-cycled to give faster conversion in
lower resolution applications. Use of the internal buffer
amplifier increases conversion time by 3 microseconds, the
settling time of the amplifier. Output coding is
complementary binary, complementary offset binary, or
complementary two’s complement. Serial data is also

brought out. The package is a 32-pin ceramic case.

P18V -5y REF 45V
POWER  POWER out POWER
® _ ® @ @
BUFFER
BUFFER (53 AMPLIFIER
83K PRECISION GAIN
REF (+6.3V) ADJ
BUFFER
OuUTPUT
BIPOLAR (5
OFFSET () QA
COMPAR 12 BIT DAC
NPUT =
COMPARATOR
AARAARARESES NN
o € l—9 &eiE
SUCCESSIVE
20 APPROXIMATION (0 v
o0 ) REGISTER
ANALOG — -CLOCK
[OIDRO0I00 060060000 LIRE
CLOCK CLOCK START 12 1110 9 8 7 6 5 4 3 2 1 T _ semiaL
RATE OUT CONV. (gg BIT NO ¥

ISB MSB, DATA
out
PARALLEL DATA OUT

For Immediate Assistance, Dial 1-800-233-2765

ADC-HX, ADC-HZ Series
12-Bit, Analog-to-
Digital Converters

MECHANICAL DIMENSIONS
INCHES (MM)

1.101
o) MAX ‘-—{
0.190 (4,9) MAX
—
0.150 MIN (3.8)
—t

~
0.010 x 0.160 (4.1) KOVAR

V16 17 1.600
) L]
. [
L L}
L} L}
] [
' 1 | 15 SPAGE!
. BOTTOM v | AT 0.100 ESA 1.712
' VIEW 1] 25 (43,5)
] N MAX
L ¥
. )
L} L}
L} 1
DOT ON TOP . '
RENFERENCES*' (R} 324 0.100
PIN 1

0

0900 ., 0.100
(22.8) @5)

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

INPUT/OUTPUT
CONNECTIONS
PIN FUNCTION PIN FUNCTION
1 BIT 12 OUT (LSB) 17 CLOCK RATE
2 BIT 11 OUT 18 REF QUT
3 BIT 10 OUT 19 CLOCK OUT
a 8T 9 0UT 20 E.OC. (STATUS)
5 BIT 8 OUT 21 START CONVERT
6 8IT 7 OUT 22 COMPAR INPUT
7 BIT 6 OUT 23 BIPOLAR OFFSET
8 BIT 5 OUT 24 10V RANGE
9 8IT 4 OUT 2 20V RANGE
10 BIT 3 OUT 26 ANALOG COM
" BIT 2 OUT 27 GAIN ADJ.
12 8T 10UTMSB] | 28 +15V POWER
13 BIT 1 OUT (MSB) 29 BUFFER OUTPUT
14 SHORT CYCLE 30 BUFFER INPUT
15 DIGITAL COM 31 - 15V POWER
16 +5V POWER 32 SERIAL OUTPUT
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ADC-HX, ADC-HZ

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

D O/ANEL

PHYSICAL/ENVIRONMENTAL

INPUTS ADC-HX12B  ADC-HZ12B

Analog Input Ranges, unipolar ... 0to +5V,0to +10V FS

Analog Input Ranges, bipolar .... +2.5V, +5V, +10V FS

Inputimpedance .............. 25K (0to +5V, +2.5V)

5K (0 to +10V, +5V)

10K (+10V)

100 Megohms

125 nA typical, 250 nA max.
15V

Input Impedance with Buffer . . . ..
Input Bias Current of Buffer. . .. ..
Input Overvoltage .............
StartConversion .............. 2V min. to 5.5V max. positive
pulse with duration of 100 nsec.
min. Rise and fall times <30
nsec.
Logic ““1”" to ““0” transition
resets converter and initiates
next conversion.
Loading: 2 TTL loads

Operating Temperature Range . . .

Storage Temperature Range . .. ..

0to +70°C
or —55to +125°C
-65°C to +150°C

PackageSize ................. 1.700 x 1.100 x 0.160 inches
PackageType................. 32 pin ceramic
Pins..........cooovviiiiian, 0.010 x 0.018 inch Kovar
Weight....................... 0.5 ounces (14 grams)
FOOTNOTES:

-

2.

3.

4.

. All digital outputs can drive 2 TTL loads.
Without buffer amplifier used. ADC-HZ12B may require external adjustment of

clock rate.

FSR is full scale range and is 10V for 0 to + 10V or +5V input and 20V for

+ 10V input.
Short cycled operation.

OUTPUTS!

ParallelOutputData............ 12 parallel lines of data held until
next conversion command.
VOUT (0”) = +0.4V

Vour (“1”) = +2.4V

Coding, unipolar............... Complementary Binary

Coding, bipolar................ Complementary Offset Binary
Complementary Two’s
Complement

Serial QutputData ............. NRZ successive decision pulses
out, MSB first. Compl. Binary or
Compl. Offset Binary Coding

End of Conversion (Status) ...... Conversion status signal. Output
is logic ‘1"’ during reset and
conversion and logic “‘0”" when
conversion complete.

ClockOutput ................. Train of positive going + 5V 100
nsec. pulses. 600 kHz for ADC-
HX12B and 1.5 MHz for ADC-
HZ12B (pin 17 grounded).

PERFORMANCE

Resolution ................... 12 bits (1 part in 4096)
Nonlinearity .................. + 1, LSB max.
Differential Nonlinearity . ........ + % LSB max.

Gain Error, before adjustment . . . .
Zero Error, unipolar, before adj. ..
Offset Error, bipolar, before adj. . .
Temp. Coeff.of Gain ...........
Temp. Coeff. of Zero, unipolar ...
Temp. Coeff. of Offset, bipolar . ..
Diff. Nonlinearity Tempco .......

+0.1%

+0.05% of FSR3

+0.1% of FSR3

+ 20 ppm/°C max.

+5 ppm/°C of FSR max.3
+ 10 ppm/°C of FSR max.3
+ 2 ppm/°C of FSR3

No MissingCodes.............. Over oper. temp. range

Conversion Time?, 12 bits ....... 20 psec. max. 8.0 usec. max.
10bits* ...... 15 psec. max. 6.0 usec. max.
8bits? ....... 10 psec. max. 4.0 usec. max.

Buffer Settling Time, 10V step. ... 3.0 gsec. to 0.01%

Power Supply Re;ecuon ......... 0.004%/% Supply max.

POWER REQUIREMENTS

Power Supply Voltage .......... +15V dc +0.5V dc at 20 mA
: —15V dc +0.5V dc at 25 mA
+ 5V dc +0.25V dc at 85 mA
2-56

TECHNICAL NOTES

1.

It is recommended that the £15V power input pins both
be bypassed to ground with a 0.01 pF ceramic capacitor
in parallel with a 1 pF electrolytic capacitor and the +5V
power input pin be bypassed to ground with a 10 uF
electrolytic capacitor as shown in the connection dia-
grams. In addition, pin 27 should be bypassed to ground
with a 0.01 uF ceramic capacitor. These precautions will
assure noise free operation of the converter.

. Digital Common (pin 15) and Analog Common (pin 26)

are not connected together internally, and therefore must
be connected as directly as possible externally. Itis rec-
ommended that a ground plane be run underneath the
case between the two commons. Analog ground and
+15V power ground should be run to pin 26 whereas dig-
ital ground and +5V dc ground:should be run to pin 15.

. External adjustment of zero or offset and gain are provid-

ed for by trimming potentiometers connected as shown
in the connection diagrams. The potentiometer values
can be between 10K and 100K ohms and should be 100
ppm/ °C cermet types. The adjustment range is £0.2%
of FSR for zero or offset and +£0.3% for gain. The trim-
ming pots should be located as close as possible to the
converter to avoid noise pickup. In some cases, for ex-
ample 8 bit short-cycled operation, external adjustment
may not be necessary.

. Short-cycled operation results in shorter conversion

times where the conversion can be truncated to less
than 12 bits. This is done by connecting pin 14 to the
output bit following the last bit desired. For example, for
an 8-bit conversion, pin 14 is connected to bit 9 output.
Maximum conversion times are given for short-cycled
conversions of 8 or 10 bits. In these two cases the clock -
rate is also speeded up by connecting the clock rate ad-
just (pin 17) to +5V dc (10 bits) or +15V dc (8 bits). The
clock rate should not be arbitrarily speeded up to exceed
the maximum conversion rate at a given resolution, how-
ever, or missing codes will result.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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5. Note that output coding is complementary coding. For
unipolar operation it is complementary binary and for bipolar
operation it is complementary offset binary or complementary
2’'s complement. In cases where bipolar coding of offset
binary or 2’s complement is required, this can be achieved by
inverting the analog input to the converter (using an op amp
connected for gain of —1.0000). The converter is then
calibrated so that — FS analog input gives an output code of
0000 0000 0000, and +FS -1 LSB gives 1111 1111 1111,

6. These converters dissipate 1.7 watts maximum of power. The
case to ambient thermal resistance is approximately 25°C
per watt. For ambient temperatures above 50°C, care should
be taken not to restrict air circulation in the vicinity of the
converter.

7. These converters can be operated with an external clock. To
accomplish this, a negative pulse train is applied to START
CONVERT (Pin 21). The rate of the external clock must be
lower than the rate of the internal clock as adjusted (see clock
rate adjustment diagram) for the converter resolution
selected. The pulse width of the external clock should be be-
tween 100 nanoseconds and 300 nanoseconds. Each N-bit
conversion cycle requires a pulse train of N + 1 clock pulses
for completion, e.g., an 8-bit conversion requires 9 clock
pulses for completion. A continuous pulse train may be used
for consecutive conversions, resulting in an N-bit conversion
every N + 1 pulses, or the E.O.C. output may be used to gate
a continuous pulse train for single conversions.

. When the input buffer amplifier is used, a delay equal to its
settling time must be allowed between the input level change,
such as a multiplexer channel change, and the negative-
going edge of the START CONVERSION pulse. If the buffer
is not required, its input (pin 30) should be tied to ANALOG
GROUND (pin 26). This prevents the unused amplifier from
introducing noise into the converter. For applications not us-
ing the internal buffer, the converter must be driven from a
source with an extremely low input impedance.

TIMING DIAGRAM
OPERATING PERIODS

ADC-HX12B ADC-HZ12B

TART

-

ADC-HX, ADC-HZ

- -
CONNECTIONS AND CALIBRATION
Input Connections

INPUT WITHOUT BUFFER WITH BUFFER

VOLT. INPUT | CONNECT THESE || INPUT CONNECT THESE

RANGE PIN | PINS TOGETHER || PIN PINS TOGETHER
010 +5V 24 | 22825 [23&26f] 30 |22825 [23826 [29& 24
010 +10V 24 — 23826 || 30 — 23826 [298&24
+25V 24 | 22825 |23822|| 30 (22825 |23&22 [29&24
+5V 24 — 23822( 30 — 23822 (29824
F10v 25 — 23822|| 30 — 23822 [29825

CALIBRATION PROCEDURE
1. Connect the converter for bipolar or unipolar operation. Use
the input connection table for the desired input voltage range
and input impedance. Apply Start Convert pulses of 100
nanoseconds minimum duration to pin 21. The spacing of the
pulses should be no less than the maximum conversion time.

. Zero and Offset Adjustments

Apply a precision voltage reference source between the
selected analog input and ground. Adjust the output of the
reference source to the value shown in the Calibration Table
for the unipolar zero adjustment (zero +', LSB) or the
bipolar offset adjustment (—FS +1, LSB). Adjust the trim-
ming potentiometer so that the output code flickers equally
between 1111 1111 1111 and 1111 1111 1110.

. Full Scale Adjustment
Change the output of the precision voltage reference source
to the value shown in the Calibration Table for the unipolar or
bipolar gain adjustment (+FS -1, LSB). Adjust the gain
trimming potentiometer so that the output code flickers
equally between 0000 0000 0001 and 0000 0000 0000.

TIMING DIAGRAM FOR ADC-HX12B, ADC-HZ12B OUTPUT: 101010101010

____________________________________________ —

S
CONVERT
100 nsec. MIN

0

T 20 upsec. 8.0 usec. o
T, 1.56 usec. 0.56 usec. €0.c |
(STATUS) e -
e

— 1

PARALLEL

DATA NOW
VALID

Ty

!

[} | ) i | 1 ] 1 [ 1
—wlle— 40 nsec. —wl io— 40 nsec J‘ ) J' ) i | i i [ o
| ) . | Mp=————
SERIAL ! ! g1l a2 ! BIT3 ' BITa || BITS ! BIT6 : BIT 7' BIT 8 : BIT9 | BT 10! {111 |1 8IT 12
DATA OUT | I e8| ! i ! | ! [ 4 | | | Liessy
E—— ) T | - | -+ i | \ |
ﬁqro—wnsec | \ | | | | | | | | |
! T + t + t + T t t T T 0
T R R A
! ] !
I S O S S S N N S S '
! iy St ks e S "’l"‘"\"“‘T“'““““, o
BIT 2 [ | | ! ! ! ! ! ! | ! [ |
, ‘ ! 1 ! ! 1 " ; 4 L ' 1
1 | T T ) |
' ! i . | ! I ! !
- + . i . ; L + . T - f Y 0
1 [ . | ! I ! ! |
8173 . | | | ) \ | 1 \ | ' ! |
S B o s o Sy M Sy i S N i
BT 12 | T | T i 1 i | T T ] T |
(LSB) i | | | | | ! | [ I | | |
]t S O A A Oy ! 1
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Coding Table, Unipolar Operation

ADC-HX, ADC-HZ

Calibration Table

UNIPOLAR RANGE ADJUST. INPUT VOLTAGE COMP.
INPUT RANGE BINARY CODING
010 +5V ZERO +0.6mV
0 +5 GAIN +4.9982V 070 +10V 0TO +5V MSB LSB
o0 +10V ZERO “12mv +9.9976V +4.9988V 0000 0000 0000
GAIN +94.9963V og;ggg ‘;3738 0001 1111 1111
+ +3.75( 0011 1111 1111
BIPOLAR RANGE +5.0000 +25000 o111 1113 1111
25V OFFSET —2.4994V +2.5000 +1.2500 1011 1111 1111
23 GAIN +2.4982V +|.gggo +0.6250 1101 1111 1111
+0.1 4 +0.0012 1111 1111 1110
+5V OEi?ST ::_ggggx .0000 0.0000 ARARERAARIRARE]
OFFSET ~9.9976V
$10v- GAIN +9.9927V
Coding Table, Bipolar Operation
COMP. COMP. TWO'S
INPUT VOLTAGE RANGE OFFSET BINARY COMPLEMENT
+10V. 35V 2.5V MSB LSB MSB LsB
©99951V + 49976V +2 4988V 0000 0000 0000 1000 0000 0000
+7 5000 +37500 +18750 0001 1111 1111 1001 1111 1111
+5 0000 +2 5000 +1 2500 0011 1111 1111 1011 1111 1111
00000 00000 0 0000 011t 1111 1111 T 1 1
- 50000 -2 5000 - 12500 1011 1111 1111 0011 1111 1111
~ 75000 -37500 - 18750 1101 111t 111 0101 1111 1111
~99951 - 49976 - 24988 111t 1111 1110 01ttt 1111 1110
- 10 0000 -5 0000 - 2 5000 1111 1111 1111 0111 1111 1111

SHORT CYCLE OPERATION Refer to Technical Note 4 for methods of reducing the ADC-HX or ADC-HZ conversion times.
CONNECTIONS 8,10, & 12 BIT CONVERSION
RESOLUTION 1281TS | 10BITS | 88ITS
ADCHX128 CONV. TIME| 20 wsec. | 15 wsec. | 10 usec.
ADC-HZ12B CONV. TIME| 8 usec. 6 usec. 4 usec.
CONNECT THESE 17815 | 17816 | 17828
PINS TOGETHER 14816 | 1482 1484
CREUR o PIN 14 CONNECTION
" CLOCK RATE VS. VOLTAGE RES. (BITS) | PIN 14 TO RES. (BITS) | PIN 14 TO
PIN 17 CLOCK RATE ! PINT 7 PINS
2 PIN 10 8 PIN 4
VOLTAGE | ADC-HX12B | ADC-HZ128B 3 PING 9 PIN 2
ov 600 kHz 1.5MHz 4 PIN 8 10 PIN 2
+5V 720 kHz 1.8MHz 5 PIN 7 1" PIN 1
+15V 880 kHz 2.2MH2 6 PIN 6 12 PIN 16
BIPOLAR OPERATION, -5V TO +5V UNIPOLAR OPERATION, 0 TO +10V
J START r—J START
| CONVERT IN CONVERT IN
e ST T oA
e 196 s | DR e Htsv e
DY 200 o3 200
—t o2 210— 10K —to12 210 10K
— TO 1" T0
_: 1:; zw—,_I 2.7 MEG 100K (Af‘:ﬁg e :: 10 230f— 2.7 MEG 100K ﬁ,NTA(')“),Gu','\‘,TUr
—4o9 ADC-HX 128 2 +5V dc —t09 ADC-HX128 o
——t0 8 ADC HZ128 250 15V GND —t08 250 15V GND
gﬁTVéms —to7 26*"50‘2“; MEG 10K 'l' ‘1 - e 260__1"0.0‘2"[; UEG o [
J DY 2704 " o 10, o6 27043 o
——:: T Yoo —T® o0
— 290 0 —o4 @0 | T Tur
—to3 300 /:_[ I Mo —to3 300 /f =
—t02 v <+ - 15V dc —to02 - 15V de
T Yoo DATA I Toor
—tof 320 { OUTPUTS ——o1 320
I I OI I+
V= = — = =
0.01 xF CAPS ARE CERAMIC TYPES 1 uF CAPS 1 F CAPS 0.01 uF CAPS ARE CERAMIC TYPES
ORDERING INFORMATION
MODEL TEMP. RANGE SEAL
ADC-HX12BGC 0to +70 °C Epoxy
ADC-HX12BMC 0to +70 °C Hermetic
ADC-HX12BMM  -55t0 +125°C  Hermetic
ADC-HX/883B -55t0 +125°C  Hermetic
ADC-HZ12BGC 0to +70°C Epoxy
ADC-HZ12BMC 0to +70 °C Hermetic
ADC-HZ12BMM  -55t0 +125°C  Hermetic
ADC-HZ/883B -55t0 +125°C  Hermetic
MIL-STD-883B units are available under DESC
Drawing Number 5962-88508.
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D/A CONVERTERS

Resolution Settling Linearity Power

Mode! (Bits) Time Error (Watts) Case Page
DAC-HF8 8 25ns +1/2 LSB 0.750 24-Pin DIP 3-1
DAC-HF10 10 2sns  +121SB 0900  24PinDIP 31
DAC-HF12 12 50 ns +1/2 LSB 0.900 24-Pin DIP 3-1
DAC-HK12 12 3 ps +1/2LSB 0.700 24-Pin DIP 3-5
'DAC-HZ12 12 3ps #2188 0390  24PnDIP 313
DAC-HP16 16 15 s £0.003% FSR 0600 24-Pin DIP 39

CONVERTERS

0
o
-1
<
=
<
)
y
-
<
=
Y
a
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Contact DATEL for your
Data Acquisition component
needs.

Dial
1-800-233-2765
for
Applications Assistance
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DAC-HF Series
Ultra-Fast D/A Converters

FEATURES

« 8-, 10, 12-Bit resolution

» Settling times to 25 nanoseconds
« 20 ppm/°C tempco

« Unipolar or bipolar operation

« Current output

« Internal feedback resistor

GENERAL DESCRIPTION

The DAC-HF Series of hybrid DAC’s are ultra high-speed,
current output devices. They incorporate state-of-the-art
performance in a miniature package, achieving maximum
output settling times of 25 nanoseconds for the 8- and 10-bit
models and 50 nanoseconds for the 12-bit model. They can
be used to drive a resistor load directly for up to + 1V output
or a fast operational amplifier (such as DATEL’'s AM-500)
for higher voltage outputs with sub-microsecond settling
times. A tapped feedback resistor and a bipolar offset
resistor are included internally to give five programmable
output voltage ranges with an external operational amplifier.

The DAC-HF design combines proven hybrid production
techniques with advanced circuit design to realize high
speed current switching. The design incorporates fast PNP
current switches driving a low impedance R-2R thin-film
ladder network. The nichrome thin-film resistor network is
deposited by electron- beam evaporaton on a low
capacitance substrate to assure high-speed performance.
The resistors are then functionally trimmed by laser for
optimum linearity.

+15V Y GROUNDS

@ OIOKCIE)

MECHANICAL DIMENSIONS
INCHES (MM)

0.800 MAX
(20,3)

L ] o.1somax (48)
-

0150 MIN !
@8 | i
U\o,mo X 0.018
KOVAR
2 134 1.200
L] L]
1 L]
' ¢ [11spAces
] ) AT 0.100
v BOTTOM o | BAQS) 2
VOVIEW @3.3)
' [] AX
L} t
1 1]
. L]
DOTON TOP ey 1 244 0.100
REFERENCES o—t —
PIN 1
0.600 0.100
(15.2) (2.5)

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

MsB DIGITAL INPUTS LSB

NOTE: FORDAC-HF10B PINS 11 & 12 ARENO CONNECTION
FOR DAC-HF8B PINS 9, 10, 11 & 12 ARE NO CONNECTION

For Immediate Assistance, Dial 1-800-233-2765

i) REF. t-10v £ 2%)
- 10V ouT
REFERENCE BIPOLAR
29 oFFsET
4K
2 2
17) 20v RANGE
THIN FILMR-2R
LADDER NETWORK (19 10v RANGE
——118; ouTPUT
REFERENCE
FAST PNP CURRENT SWITCHES I CONTROL |—{36) REF.IN
CIRCUIT

INPUT/OUTPUT
CONNECTIONS
PIN| FUNCTION PIN|FUNCTION
1 [BIT1IN(MSB) {13 [GROUND
2 |BIT2IN 14 | GROUND
3 |BIT3IN 15 | GROUND
4 [BITAIN 16 | REF.IN
5 |BITSIN 17 |20V RANGE
6 |BITBIN 18 [ouTPuT
7 |BIT7IN 19 {10V RANGE
8 |BIT8IN 20 |BIPOLAR OFFSET
9 |BITOIN 21 | REF. OUT
10 [BIT10IN 22 | 15VDC
11 [BIT11IN 23 | GROUND
12 [BIT12IN(LSB) |24 | +15VDC




AC-HF Series

ABSOLUTE MAXIMUM RATINGS, ALL MODELS

Positive Supply, Pin24 .......... +18V
.Negative Supply, Pin22.......... -18V
Digital Input Voltage, Pins 1to 12 .. +15V

FUNCTIONAL SPECIFICATIONS
Typical at 25°C, + 15V supplies unless otherwise specified.

DESCRIPTION | 8B l 108 | 12B
INPUTS

Resolution, Bits ................ 8 10 12
Coding, UnipolarOutput ......... Straight Binary

Coding, BipolarOutput .......... Offset Binary

Input Logic Level, Bit ON(““1”’) .... +2.0to +55V at +40A
Input Logic Level, Bit OFF (“0”) ... OV to +0.8V at 2.6 mA

OUTPUTS

Output Current Range, Unipolar ... 0to +5 mA

Output Current Range, Bipolar .... +2.5 mA
Output Voltage Compliance ...... +1.2V
Output Voltage Ranges? ......... 0to -5V
Oto -10V
+2.5V
+5V
+ 10V
Output Resistance .............. 400 ohms +20%
Output Capacitance . ............ 15 pF
Output Leakage Current, All Bits
OFF .t 15 nA
PERFORMANCE
Linearity Error,max .................. 0.012%
Tunto TMAX ... ..0.024%
Differential Linearity Error, Max......0.012%
TNtO TMAX ..o 0.024%
Monotonicity ..... ....... Guaranteed over oper. temp. range
GainTempco,max. ............. + 20 ppm/°C
Offset Tempco, Bipolar, max. ... .. +10 ppm/°C of F.S.R.2
Zero Tempco, MaxX. ............. +1.5 ppm/°C of F.S.R.2
Settling Time, nsec. max.’ ....... 25 25 50
Power Supply Sensitivity . ........ 0.01%/% Supply
POWER REQUIREMENTS
Supply Voltage .. ............... +15Vdc +0.5V
Positive Quiescent Current, max. .. 35mA 40mA 45mA
Negative Quiescent Current, max. . 15mA 15mA 15mA
PHYSICAL/ENVIRONMENTAL
Operating Temperature Range . ... 0°C to +70°C (BMC)
Storage Temperature Range ... ... -55 °C to +125 °C (BMM, 883B)
PackageType.................. 24-Pin Ceramic DIP
Pins..........oooiiiiinn, 0.010 x 0.018 inch Kovar
Weight........................ 0.2 oz (6g.)
FOOTNOTES:

1. Full scale current change to 1 LSB with 400Q load.

2. With External Operational Amplifier.

3. F.S.R. is Full Scale Range, or the difference between minimum and
maximum output values.

D [O/ANEL

TECHNICAL NOTES

1. Proper operation of the DAC-HF series converters is depend-
ent on good board layout and connection practices. Bypass
supplies as shown in the connection diagrams. Mount bypass
capacitors close to the converter, directly to the supply pins
where possible.

2. Use of a ground plane is particularly important in high speed
D to A converters as it reduces high frequency noise and aids
in decoupling the digital inputs from the analog output. Avoid
ground loop problems by connecting all grounds on the board
to the ground plane. The remainder of the ground plane
should include as much of the circuit board as possible.

3. When the converter is configured for voltage output with an
external operational amplifier, keep the leads from the con-
verter to the ouptut amplifier as short as possible.

4. The high speed current switching technique used in the DAC-
HF series inherently reduces the amplitude and duration of
large transient spikes at the output (‘‘glitches”). The most
severe glitches occur at half-scale, the major carry transition
from 011 ... 1to 100 ... O or vice versa. At this time, a skewing
of the input codes can create a transition state code of 111 ...
1. The duration of the “‘transition state code” is dependent
on the degree of skewing but its effect is dependent on the
speed of the DAC (an uitra-fast DAC will respond to these
brief spurious inputs to a greater degree than a slow DAC).
Minimize the effects of input skewing by using a high-speed
input register to match input switching times. The input
register recommended for use with the DAC-HF is easily im-
plemented with two Texas Instruments SN745174 hex D-
type flip-flops. This register will reduce glitches to a very low
level and ensure fast output settling times.

5. Test the DAC-HF using a low capacitance test probe (such as
a 10X probe). Take care to assure the shortest possible con-
nection between probe ground and circuit ground. Long pro-
be ground leads may pick up environmental E.M.I. causing
artifacts on the scope display, i.e., signals that do not
originate at the unit under test.

6. Passive components used with the DAC-HF may be as in-
dicated here: 0.1 xF and 1 uF bypass capacitors should be
ceramic type and tantalum type respectively; the 40092 out-
put load is a 0.1% 10 ppm/°C metal film type; adjustment
potentiometers are ceremet types: other resistors may be
+ 10% carbon composition types.

7. Output voltage compliance is + 1.2V to preserve the linearity
of the converter. In the bipolar mode, the DAC-HF can be
operated with no load to give an output voltage of +1.0V. In
the unipolar mode, the load resistance must be less than
6009 to give less than + 1.2V output. The specified output
currents of 0 to +5 mA and +2.5 mA are measured into a
short circuit or an operational amplifier summing junction.
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DAC-HF Series

S

CONNECTION AND CALIBRATION

UNIPOLAR CURRENT OUTPUT CONNECTIONS BIPOLAR CURRENT OUTPUT CONNECTIONS

R . I %
;Eow;l:m"w Z;z\é TowTiw
- - ADJUST
25KQ 24
BIT1 2 19 -15V BIT 1 19—>o° \
o 1 :7 MEGR | ! :; o ourput
| 8 OUTPUT | 100 © 400Q LOAD
| 4009 LOAD | OFFSET O (FOR:0BVES )
| » (FOROTO+1VFES) | 20 ADJUST
! DAC-HF = ! DAC-HF !
! 2 | & 1000 |
| 1009 | |
| GAIN
: 6 RoousT ! 16 ADJUST
1 15 | 15
o O—-a12 14
BIT12 12 :;31‘ BIT 12 23 22 13
23 22 L
l TowT 1,‘?15\/ J: ]T:o”‘F; UF—isv
UNIPOLAR CURRENT OUTPUT BIPOLAR CURRENT OUTPUT
CALIBRATION PROCEDURE CALIBRATION PROCEDURE
1. Connect the converter as shown in the connection diagram. 1. Connect the converter as shown in the connection diagram.
2. Set all inputs low and adjust the ZERO ADJUST poten- 2. Set all inputs low and adjust the OFFSET ADJUST poten-

tiometer for an output reading of +F.S., (given in the coding
table for 12-bit units).

Set all inputs high and adjust the GAIN ADJUST poten- !
tiometer for an output reading of —F.S. +1 LSB, (given in '
the coding table for 12-bit units).

tiometer for a reading of OV at the output.

3. Set all inputs high and adjust the GAIN ADJUST poten-
tiometer for a reading of —F.S. + 1 LSB (given in the coding 3.
table for 12-bit units).

CODING TABLES
UNIPOLAR OUTPUT

For Immediate Assistance, Dial 1-800-233-2765

UNIPOLAR | INPUT CODING ANALOG OUTPUT
SCALE STRAIGHT BINARY [0to +1VF.S [0to -5VF.S [0to —-10VF.S PROGRAMMABLE OUTPUT
_F.S. +1LSB| 11111111 1111 | +0.9998V | —4.9988V | —9.9976V RANGE PIN CONNECTIONS
—%FES. 1100 0000 0000 | +0.7500V | —3.7500V | —7.5000V
-1 FS. 1000 0000 0000 | +0.5000V | —2.5000V | —5.0000V UTPUT | reEpBAck | TaonNECTS
% FS. 0100 0000 0000 | +0.2500V | —1.2500V | —2.5000V RANGE | CONNECTION | TOGETHER
~1LSB 0000 0000 0001 | +0.0002V | —0.0012V | —0.0024V oo 5V NS SN 1715 PIN T8
0 0000 0000 0000 +0.0000V | +0.0000V 0.0000V PIN 20 to PIN 23
Oto —10V PIN 19 PIN 20 to PIN 23
+25V PIN 19 PIN 17 to PIN 18
PIN 20 to PIN 18
BIPOLAR OUTPUT T5v ERE) PIN20 10 PIN 18
+ 10V PIN 17 PIN 20 to PIN 18
- In all programmable output ranges
BIPOLAR INPUT CODING ANALOG OUTPUT pin 18 connects to external
SCALE OFFSET BINARY | +0.5VF.S.[+2.5VF.S. [ +5VF.S. | +10VF.S. operational amplifier inverting input
ZFS. +1LSB | 1111 1111 1111 | +0.4998V | - 2.4988V | - 4.9976V | —9.9951V
—%FS. 1100 0000 0000 | +0.1250V | - 1.2500V |- 2.5000V | —5.0000V
~1LsB 1000 0000 0001 | +0.0002V | —0.0012V |- 0.0024V | —0.0049V
0 1000 0000 0000 | 0.0000v| 0.0000v| 0.0000vV | 0.0000V
15 FS. 0100 0000 0000 | —0.1250V | +1.2500V | +2.500V | +5.0000V
+F.S. ~1LSB | 0000 0000 0001 | —0.4998V | +2.4988V |+4.9976V | +9.9951V
+FS. 0000 0000 0000 | —0.5000V | +2.5000V |+ 5.0000V |+ 10.0000V
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UNIPOLAR ULTRA-FAST VOLTAGE OUTPUT UNIPOLAR FAST VOLTAGE OUTPUT CIRCUIT
14F +\ £ * sy
:?E O1F 1 T OVFT N WF
' *FEEDBACK, SEE PROGRAMMABLE OUTPUT = =
RANGE PIN CONNECTION TABLE *FEEDBACK, SEE PROGRAMMABLE OUTPUT
BIT1 24 190y a1 24 1o}——o..__ RANGE PIN CONNECTION TABLE
o 7 - ) 1 0
18 !
: 10 |outeut | 8
° |
: o— 1 20|
| DAC-HF " = | DAC-HF
| 1009 : 21
\ GAIN 750K 2 So0sT |
| ADJUST SR
| 16 5V ! 16
5 - ReEeogack x 400 t 15
stz )" . = " Rreeosack + 400 o1 14
2 22 outeyr| TypicaL. SETTLING 23 2 OUTPUT | TYPICALSETTLING
= STE TIME TO 1LSB STEP TIMETO 1LSB
_r:‘—‘:l’:“ > zov 300 nsec 20v 2pusec.
L TowIe 1ov 200 nsec TowT v V Tov 600 nsec _
- = - sv 150 nsec = sv 400nsec

VOLTAGE OUTPUT WAVEFORMS

EQUIVALENT OQUTPUT CIRCUIT

4K+0.1%
020 SO
o BT
2V/DIvV 19 2K2 FEEDBACK
- (10V RANGE)
mov Cb
+ 17 4K 8 FEEDBACK
oK 2K (20V RANGE)
18 OUTPUT
I 4000+10%
5mA
J_ © 23 GROUND
2V/DIvV
50 nsec/DIV
DAC-HF with AM-500, =5V output full scale (10V) step
HIGH SPEED INPUT REGISTER
. . ORDERING INFORMATION
] g r; g OPERATING
3 ¥ 3 MODEL TEMP. RANGE SEAL
oacH DAC-HF8BMC 010 +70 °C Hermetic
MR T o DAC-HF8BMM -55t0 +125 °C Hermetic
s 3 DAC-HF8/883B -55to +125 °C Hermetic
= DAC-HF10BMC 0t0 +70 °C Hermetic
PO - DAC-HF10BMM -55 to +125 °C Hermetic
Bz oz DAC-HF10/883B -55to +125 °C Hermetic
A sFeRRED Fae DAC-HF12BMC 0to +70 °C Hermetic
= FERREQ L DAC-HF12BMM -55to +125 °C Hermetic
T DAC-HF12/883B -55t0 +125 °C Hermetic
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FEATURES

» 12-Bit resolution

« 20 ppm/°C Tempco
+ Input register

» 2 Coding options

+ Fast settling time

GENERAL DESCRIPTION

The DAC-HK Series hybrid D/A converters are high
performance 12-bit devices with a fast settling voltage
output. They incorporate a level controlled input storage
register and are specifically designed for systems
applications such as data bus interfacing with computers.
When the “load” input is high, data in the storage register is
held and when the load input is low, date is transferred
through to the DAC. There are two basic models available
by coding option: binary, and two’s.complement. The output
voltage ranges are externally pin-programmable and
include: 0 to +2.5V, 0 to +5V, 0 to +10V, +2.5V, +5V, and
+10V.

The DAC-HK Series contains a precision zener reference
circuit. This eliminates code-dependent ground currents by
routing current from the positive supply to the internal
ground node a determined by the R-2R ladder network. The
internal feedback resistors for the on-board amplifier track
the ladder network resistors, enhancing temperature
performance. The excellent tracking of the resistors results
in a differential nonlinearity tempco of 2 ppm/°C maximum.
The temperature coefficient of gain is 20 ppm/°C maximum
and tempco of zero is £3 ppm/°C maximum.

+5V
®

20V RANGE
% 5K

18 10V RANGE

20 SUM.
JUNCTION

(1) OUTPUT

&) GND

REF. GAIN  BIP.
OUT ADJUST OFFSET +Vs -Vs
@\D @IB G[) i
5K
D/A CONVERTER g
+5V
STROBE () ’
REGISTER [REGISTER REGISTER
74LS75 74LS75 74LS75 =
1 3)4 5)(8 8 9)(10) (11) (12,
1.2 3 4 5 6 7 8 9 10 1 12
(MSB) BIT (LSB)

For Immediate Assistance, Dial 1-800-233-2765

DAC-HK Series
12-Bit Hybrid DAC’s
with Input Register

S

0.800MAX |
(20,3)

MECHANICAL DIMENSIONS
INCHES (mm)

0.190 MAX

ﬂ [ i
0.010 X 0.018
KOVAR Pins 0.150 MIN.

=12 13 |
i |
| i
! i 1.310 MAX.
i BOTTOM | (33.3)
I VIEW ! SPACES
! | ATo.100
! P @
1
| flod
i N
1 24
0.600
(15.2)

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

INPUT/OUTPUT
CONNECTIONS

PIN | FUNCTION PIN | FUNCTION
1 BIT 1IN (MSB){ 13 | +5VDC
2 BIT 2 14 | ~15VDC
3 BIT 3 15 | QUTPUT
4 BIT 4 16 | LOAD
5 BIT5IN 17_| BIPOLAR OFF
6 BIT 6 IN 18 ] 10V RANGE
7 BIT 7 IN 19 [ 20 VRANGE
8 |BIT8IN 20 | SUM JUNCTION
9 |BIT9IN 21 | GROUND
0_[BIT10IN 22 1 +15VvDC
1 BIT 111N 23 | GAIN ADJ
2 | BIT12IN(LSB) 24 | REF OUT
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ABSOLUTE MAXIMUM RATINGS DAC-HK12B
Positive Supply, pin22 ...... +18V
Negative Supply, pin14 ..... -18V
Logic Supply,pin13 ........ +5.25V
Digital lnput Voltage, pins
1-12&16 ............... +5.5V
Output Current pin15 ...... +20 mA

PHYSICAL/ENVIRONMENTAL

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

INPUTS

Resolution ................ 12 bits
Coding, unipolar output .. ... Straight Binary
Coding, bipolaroutput ...... Offset Binary

Two’s Complement!
Input Logic Level, bit ON
.................. +2.0Vto +5.5V

Operating TemperatureRange . 0°C to +70°C (BGC, BMC)
-565 °C'to +125 °C éBMM/asaa)

Storage Temperature Range . —65°C to + 125

PackageType ............. 24-pin Ceramic DIP

Pins .........ooievvinnnnn 0.010 x 0.018 inch Kovar

Weight .................. 0.2 ounces (6 grams)

FOOTNOTES:

1. For two's complement coding order the model described under ordering
information.

2. Logic levels are the same as for data inputs.

3. By external pin connection.

4. For +12V dc, +5V dc operation, contact factory.

[ 1 Y OVto +0.8V
Loglc Loading ............. 1 LSTTL load
Loadinputz ............... High (“1”) = hold data
Low (““0") = transfer data
Load InputLoading ......... 3 LSTTL loads
OUTPUT

Output }Ioltage Rangess3,

unipolar ................ 0to +10V
Output Voltage Ranges3,
bipolar ................. +2.5V

+5V

+10V
OutputCurrent ............ +5 mA min.
Output Impedance ......... .0.05 ohm
PERFORMANCE
Linearity Error, max. ........ +1, LSB
Differential Linearity Error,

(11T ) S +34LSB
Gain Error, before trimming ..  +0.1%
Zero Error, before trimming ..  +0.05%
Gain Tempco, max.......... +20 ppm/°C

Zero Tempco, unipolar,
.................... +5 ppm/°C of FSR

.................... + 10 ppm/°C of FSR

Diff Lmeanty Error Tempco,

11T +2 ppm/°C of FSR
Monotonicity .............. Guaranteed over oper. temp. range
Settling Time, 5V change .... 3 usec.
Settling Time, 10V change ... 3 usec.
Settling Time, 20V change ... 4 usec.
Settling Time, 1LSB change . 800 nsec.
SlewRate................. 20V/psec.
Power Supply Rejection . . ... +0.002% FSR/%
POWER REQUIREMENTS
Power Supply Voltage . ..... +15V'dc +0.5V dc at 10 mA

—15V dc +0.5V dc at 25 mA
+5V dc +£0.25V dc at 35 mA
+12V dc, +5V operation4

TECHNICAL NOTES

1. It is recommended that these converters be operated with
local supply bypass capacitors of 1 uF (tantalum type) at the
+15, — 15, and + 5V supply pins. The capacitors should be
connected as close to the pins as possible. In high RFI noise
environments these capacitors should be shunted with 0.01
uF ceramic capacitors.

2. The analog, digital, and power grounds should be separated
from each other as close as possible to pin 21 where they all
must come together.

3. The ‘““load’’ control pin is a level triggered input which causes
the register to hold data with a high input and transfer data to
the DAC with a low input.

4. A setup time of 50 nanoseconds minimum must be allowed
for the input data. The DAC output voltage begins to change
when the register output changes.

5. The external gain adjustment shown in the Connection
Diagrams has a range of + 0.2% of full scale. If a wider range
is desired the 18-Megohm resistor can be decreased slightly
in value. The full-scale output is typically accurate within
+0.1% with no adjustment. The zero, or offset, adjustment
has a range of +0.35% of FS.

6. If the reference output terminal (pin 24) is used, an opera-
tional amplifier in non-inverting mode should be used as a
buffer. Current drawn from pin 24 should be limited to- + 10
#A in order not to affect the T.C. of the reference.

3-6 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/T! EL (508) 339-5000/TLX 174388/FAX (508) 339-6356
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DAC-HK Series

LOAD

1
DATA IN
0 |
|

Hold

Transfer

TIMING DIAGRAM

tsetup

|<- 50 nsec,min.-bi

REGISTER
OUTPUT TO DAC

|
'—’l tonL

60 nsec.

All rise and fall times <10 nsec.

-\

tsetup

50 nsec.min.

—

UNIPOLAR OPERATION
(0 to +10V)

It
Ls8 12 o—{12
1M o—4n
10 o— 10"
90— 9
8 o— s
bata © 017
N 6 00— 6
5 00— 5
4 0— a
30— 3
2 00— 2
mMs8 1 o—f 1

FULL SCALE 14,
= 2mA (BINARY)

'out* 5K

For Immediate Assistance, Dial 1-800-233-2765

LOAD
o

CONNECTION DIAGRAMS

OUTPUT CIRCUIT

+5VDC usB
-15VDC

ouTt
(0 TO +10V)

DATA
IN

MsB

+15VDC

5K

SUM. JUNCTION

20V RANGE
10V RANGE

OUTPUT

BIPOLAR OFF.

REF. OUT

GROUND

BIT

- N WA O DN ®©

_’l teun

e

/]

+5VDC
#» 15VDC

60 nsec.
BIPOLAR OPERATION
(5 V)

LOAD

o
o—12 13 —C
o—in 14 f—o
o— 10 15 —0 I
o— 9 — e
o—s 1
o— 7
o— 6
o— s
o— a
o— 3
o— 2
o— 1

O OUT
(-5T0 +5V)

+15VDC

OUTPUT RANGE SELECTION

RANGE | CONNECT THESE PINS TOGETHER
*10V 15& 19 17 & 20
*5V 15818 17 & 20
*25V 15418 17&20 19.&20
+10V 15&18 17821
+5V 15818 178&21 19 &20
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CODING TABLES

UNIPOLAR OPERATION

STRAIGHT BINARY OUTPUT RANGES

MsB LSB | Oto +10V | Oto +5V
1111 1111 1111 +9.9976 +4.9988
1100 0000 0000 +7.5000 +3.7500
1000 0000 0000 +5.0000 +2.5000
0100 0000 0000 +2.5000 +1.2500
0000 0000 0001 +0.0024 +0.0012
0000 0000 0000 0.0000 0.0000

BIPOLAR OPERATION

OFFSET BINARY TWO’s COMPLEMENT OUTPUT RANGES

MSB LSB | MSB LsSB +10V +5V +2.5V

1111 1111 1111 0111 1111 1111 +9.9951 +4.9976 +2.4988

1100 0000 0000 0100 0000 0000 +5.0000 +2.5000 | +1.2500
1000 0000 0000 0000 0000 0000 0.0000 0.0000 0.0000
0100 0000 0000 1100 0000 0000 -5.0000 | -2.5000 | -1.2500
0000 0000 0001 1000 0000 0001 ~-9.9951 -4.9976 | -2.4988

0000 0000 0000 1000 0000 0000 -10.0000 | -5.0000 | -2.5000

APPLICATIONS

INTERFACING TO = 12 BIT DATA BUS

LOAD LOAD Lo
RO. 0 DAC HK128 "7 | oac Hki2e DAC-HK128
NO. 0 NO.1 NO. 1 feeessesereees NO. N NG N

DATA BUS
>128ITS

ADDRESS DECODER

ADDRESS  STROBE

CALIBRATION PROCEDURE

Select the desired output voltage range and connect the
converter up as shown in the Output Range Selection Table and
the Connection Diagrams. Refer to the Coding Tables.

UNIPOLAR OPERATION

1.

Zero Adjustment. Set the input digital code to 0000 0000
0000 and adjust the ZERO ADJ. potentiometer to give
0.0000V output.

. Gain Adjustment. Set the input digital code to 1111 1111

1111 (straight binary) and adjust the GAIN ADJ.
potentiometer to give the full-scale output voltage shown in
the Coding Table.

BIPOLAR OPERATION

1.

Offset Adjustment. Set the digital input code to 0000 0000
0000 (offset binary) or 1000 0000 0000 (two’s complement)
and adjust the OFFSET ADJ. potentiometer to give the
negative full-scale output voltage shown in the Coding Table.

. Gain Adjustment. Set the digital input code to 1111 1111

1111 (offset binary) ora 0111 1111 1111 (two’s complement)
and adjust the GAIN ADJ. potentiometer to give the positive
full-scale output voltage shown in the Coding Table.

INTERFACING TO 8 BIT DATA BUS

Loap DACHK12B LoD | DACHKIZE | e LOAD | DACHKIZE
NO.0 NO o NO.T NO. 1 NO.N | No N
————— —=q
LsBs  ms's LsBs  MsEs r LS mses

TEMPORARY
ADDRESS DECODER STORAGE REGISTER

LoaD
LOBYTE

8BIT DATA BUS %

ADDRESS

WRITE
STROBE

ORDERING INFORMATION
OPERATING
MODEL NO. TEMP. RANGE SEAL

Binary Coding

DAC-HK12BGC 0to +70 °C Epoxy

DAC-HK12BMC 0to +70°C Herm.

DAC-HK12BMM -55t0 +125 °C Herm.

DAC-HKB/883B -55to +125 °C Herm.

2's Complement Coding

DAC-HK12BGC-2 0to +70 °C Epoxy

DAC-HK12BMC-2 0to +70 °C Herm.

DAC-HK12BMM-2 -55to0 +125 °C Herm.

DAC-HKB-2/883B -55t0 +125 °C Herm.
The MIL-STD-883B units are available under DESC Drawing
Number 5962-89528.

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



FEATURES

» 16-Bit binary model

« Voltage outputs

« 15 ppm/°C Maximum gain tempco
+ Linearity to + 0.003%

GENERAL DESCRIPTION

The DAC-HP series are high resolution hybrid D/A
converters with voltage output. They are self-contained,
including a low tempco zener reference circuit and output
operational amplifier, all in a miniature 24-pin double
spaced ceramic DIP package. The DAC-HP16B has 16-bit
binary resolution with +0.003% linearity. Input coding is
complementary binary and complementary offset binary for
the DAC-HP16B. This device operates in both unipolar and
bipolar modes with output voltages of 0 to +10V dc and +5V
dc respectively. Binary versions with a bipolar output
voltage range of +10V dc are available, denoted by the
suffix “-1” after the model designation.

DAC-HP16B
16-Bit, Micro-electronic
Digital-to-Analog Converter

Egtlﬂ“ﬁﬂ.

D/7A CONVERTER

DAC ~HPI6BMC

MECHANICAL DIMENSIONS

INCHES (MM)

0 800 MAX
(20.3)

|

[ J 0.190 MAX (4.8)

0 150 MIN
13.81

-
7_1EJ

0010x 0018

f

BOTTOM

KOVAR
12 131 1200
11 SPACES
AT 0 100
EA(2.5)

E

‘oreser +18V  GND 18V

@® ® ® ®

% 6.4K

REC.@) W@ouwur

6.4V =

REF. « «SA'X._]
LT
OEROEEOEEEREE@E®

BIT 123 45 6 7 8 9 1011 1213 14 15 16
MsB DIGITAL INPUTS LS8

For Immediate Assistance, Dial 1-800-233-2765

1.310 MAX
333

N

0 600 0.100
15.2) (2.5}

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

[ 1
] [
[ ]
) )
] ]
' VIEW '
[ [
) ]
[] [
[ [
1 [

DOTONTOP 4o
REFERENCES
PINY

1 24

INPUT/OUTPUT
CONNECTIONS
PIN | FUNCTION PIN | FUNCTION
1 BIT 1IN (MSB) 13 BIT 13 1IN
2 [ BIT2IN 14_[BIT14IN
3 [ BIT3IN 15 | BIT1SIN
4 | BIT4IN 16 | BIT 16 IN (LSB)
5 | BITSIN 17 | ouTPUT
6 | BIT6IN 18 | BIPOLAR OFF
7 | BIT7IN 19 | —15vDC
8 | BIT8IN 20 | GROUND
9 [ BIT9IN 21| SUM JUNCTION
10 | BIT10IN 22| GAINADJ
11| BIT1TIN 23 | +15vDC
12 | BIT12IN 24 | REF OUT
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ABSOLUTE MAXIMUM RATINGS TECHNICAL NOTES .
Zg;glt\i'fessusgg‘; P';fi‘n2139- e ﬂgx 1. It is recommended that these converters be operated with
Digital Input Voitage, pins 1-16 +5.5V local supply bypass capacitors of 1 uF (tantalum type) at the
Output Current, pin17 ....... +20 mA +15V and - 15V supply pins. The capacitors should be con-
nected as close to the pins as possible. In high frequency
FUNCTIONAL SPECIFICATIONS noise environments an additional 0.01 uF ceramic capacitor

should be used in parallel with each tantalum bypass.
2. When laying out the circuit board for this device, isolate the

Typical at 25°C, and + 15V supplies unless otherwise noted.

INPUTS analog, digital, and power grounds as much as possible from
each other before joining them at pin 20.
ReS?IUﬁO"'i oot é6 bits Bi 3. The external gain adjustment shown in the diagrams gives an
ggg:ﬂg’ ﬂ%ﬁ&f;ﬁf;ﬁ{’ e cgﬂ,’i‘ Olf"f]arByinary adjustment of +0.2% of full-scale range. The converters are
Input Logic Level, T internally trimmed to +0.1% at full scale. A wider range of
bit ON(07)1. RERREEEEEEE OVto +0.8Vat -1 mA adjustment may be achieved by decreasing the value of the
Input Logic Level, the 510 Kohm resistor.
bit OFF (‘“17)1 +2.4Vto +5.5V at +40
Logic ._oa&i,,g? ,,,,,,,,,,,,, 1 TTL load uA 4. The zero adjustment, or offset adjustment, has an adjust-
ment range of +0.35% of full-scale range. The unipolar zero
OUTPUTS is internally set to zero within +0.1% of full-scale range.
Output Voltage Range 5. If the reference output (pin 24) is used, it must be buffered by
Unipolar? ........... S 0to +10V an operational amplifier in the noninverting mode. Current
Output Volitage Range, drawn from pin 24 should be limited to + 10 A in order that
Bipolar.................. +5V the temperature coefficient of the reference circuit not be af-
Oquu;,}'g:}gg; Range, 10V fected. This is sufficient current for the bias current of most of
Output Current, min.6........ +5mA the popular operational amplifier types.
Output Impedance .......... 0.05 ohm
PERFORMANCE
Linearity Error, max. ........ +0.003%
Monotonicity, 10°C 0 40°C .. {4 bits CALIBRATION PROCEDURE
ain Error, ore trimming ... +0.1%
Zero Error, before trimming ... +0.1% For bipolar operation connect Bipolar Offset (pin 18) to Sum-
g:g _'::gmggg, m::-’aé-c- ----- fég ggm :8 ming Junction (pin 21). For unipolar operation connect Bipolar
Zero Tempco, unipolar, max. . 5 ppm/°C of FSR* e ) 1o Ground {pin 20) an making the ollowing ad-
Offset Tempco, ’ .
bipolar,max.............. +8 ppm/°C of FSR4
Differential Linearity 1. Zero Adjusment. Set the input digital code to 1111 1111
sJﬁa"chr?r’n'é'afé\'/'éﬁAﬁgéé e ;:52 ggg‘/ °C of FSR* 1111 1111 and adjust the ZERO ADJ. potentiometer to give
» S rees 0.00000V output unipolar or -FS bipolar operation.
SlewRate .............. . 20V/psec.
Power Supply Rejection. ..... +0.002% FSR/% ; ) ) .
2. Gain Adjustment. Set the input digital code to 0000 0000
POWER REQUIREMENTS 0000 0000 (complementary binary) and adjust the GAIN
ADJ. potentiometer to give +9.99985V output unipolar or
(Quiescent, all bits high) ..... +15V dc, +0.5V dc at 20 mA +FS - 1 LSB output bipolar operation.
—15V dc, +0.5V dc at 25 mA
+ 12V dc operation’
PHYSICAL/ENVIRONMENTAL OFFSET AND GAIN ADJUST
Operating Temperature Range 0°C to +70°C (BMC, BGC)
. -565 °C to +125 °C (BMM, 883B)
Storage Temperature Range .. —65°C to +150°C +15voe
Package Type.............. 24 pin ceramic DAC-HP168
Pins............ooiiiiinn 0.010 x 0.018 inch diameter Kovar
Weight.................... 0.2 ounces (6 grams)
FOOTNOTES:
1. Drive from TTL output with only the DAC-HP as load. _16vDC
2. Unipolar output range for suffix *“ ~1”” models, 0 to + 10V, is reached at 1
scale input.
3. For all models except DAC-HP16BGC.
4. FSRis 0to +FS or ~FSto +FS voltage.
5. To 0.005% FSR.
6. Pin 17.
7. For +12V dc operation, consult factory.

3-10 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356
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DAC-HP16B

CONNECTION AND CALIBRATION

CODING TABLES
BIPOLAR OUTPUT — Complementary Offset Binary

INPUT CODE OUTPUT OUTPUT VOLTAGE
MSB LSB SCALE VOLTAGE | SUFFIX ‘“ -1 MODELS
0000 0000 0000 0000 | +FS—-1LSB | +4.99985V +9.99969V
0011 1111 1111 1111 + 14FS +2.50000 +5.00000
o111 1111 1111 1111 0 0.00000 0.00000
1011 1111 1111 1111 - 15FS —2.50000 —-5.00000
1111 1111 1111 1110 | -FS+1LSB | -4.99985 —9.99969
1111 1111 1111 1111 -FS —5.00000V —10.00000V

UNIPOLAR OUTPUT — Complementary Binary

INPUT CODE OUTPUT
MSB LSB SCALE VOLTAGE
0000 0000 0000 0000 +FS-1LSB +9.99985V
0011 1111 1111 1111 +3, FS +7.50000
o111 1111 1111 1111 +1% FS +5.00000
1011 1111 1111 1111 +1 FS +2.50000
1111 1111 1111 1110 +1LSB +153 pV
1111 1111 1111 1111 0 0

APPLICATION

OUTPUT CIRCUIT

FULL SCALE lout
= 2mA (Binary)

—————0 17 OUTPUT
+
louTl 5K 6.4K
-O 18 BIPOLAR OFF.
L L O 24 REF.OUT

= +
6.4V
REF.

O 20 GROUND

10K FOR -1 MODELS _L

O 21 SUM. JUNC.

[44)
gx
*

ORDERING INFORMATION

OPERATING

MODEL NO. TEMP. RANGE SEAL
DAC-HP16BMC 0to +70°C Herm.
DAC-HP16BMM -55to +125 °C Herm.
DAC-HPB/883B -55t0 +125 °C Herm.
DAC-HP16BMC-1 0to +70°C Herm.
DAC-HP16BMM-1 -55to +125 °C Herm.
DAC-HPB-1/883B -55 to +125 °C Herm.
DAC-HP16BGC-1 0to +70 °C Epoxy
DAC-HP16BGC Oto +70 °C Epoxy

The MIL-STD-883B units are available under DESC
Drawing Number 5962-89531.

For Immediate Assistance, Dial 1-800-233-2765 3-11
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DAC-HZ Series
12-Bit Hybrid
Digital-to-Analog Converters

FEATURES

« 12-Bit binary

» 5 Output ranges

« 3 Microseconds settling time

« Internal reference and output amplifier
«» High performance

GENERAL DESCRIPTION

The DAC-HZ Series are high performance, hybrid 12-bit
binary digital-to-analog converters. These converters are
manufactured using thin- and thick-film technology. They
are complete and self-contained with a precision internal
reference and fast output operational amplifier. Pin-
programmable output voltage ranges are provided for a high
degree of application flexibility; the output voltage ranges
are 0 to 5V dc, 0 to +10V dc, 2.5V dc, —5V dc, and £10V
dc. Current output is also provided.

The DAC-HZ Series contains a precision zener reference
circuit. This eliminates code-dependent ground currents by
routing current from the positive supply to the internal
ground node as determined by the R-2R ladder network.
The internal feedback resistors for the on-board amplifier
track the ladder network resisters, enhancing temperature
performance. The excellent tracking of the resistors results
in a differential nonlinearity tempco of 2 ppm/°C maximum.
The temperature coefficient of gain is 20 ppm/°C maximum
and tempco of zero is £3 ppm/°C maximum.

0.190 (4, 8) MAX

s MS8

1234 56 789 10112 S

(0]60]60/0/6]010/0l0/PI0I®

@3

20V RANGE

MECHANICAL DIMENSIONS
INCHES (MM)

L 1.290 MAX _]

32,77 i

DATEL 0600
DAC-HZ (15, 24)

PIN 1 1DENT.

0.050(1, 27)

0.150(3, 81)

-

_.+ '-;100{

ALL DIMENSIONS ARE IN INCHES (MM)

—’{ |-0.0‘8 (0. 46)

2.5)

INPUT/OUTPUT CONNECTIONS

10V RANGE

DIA
CONVERTER

@

CURRENT
out

REFERENCE
INPUT

VOLT. ouT

®

GROUND

PIN | FUNCTION | PIN | FUNCTION
1 BIT 1IN 13 | NO CONNECTION |
2 BIT2IN 14 | -15Vdc I
3 BIT3IN 15 | VOLT. OUT ‘
4 BIT4IN 16 | REFERENCE IN
5 BIT5IN 17 | BIPOLAR OFFSET

6 BIT6IN 18 | 10V RANGE
7 BIT7IN 19 | 20V'-RANGE

8 BIT8IN 20 | CURRENT OUT

9 BIT9IN 21 | GROUND

10 | BIT10IN 22 | +15Vdc

11 | BIT11IN 23 | GAIN ADJUST

12 | BIT12IN 24 | REFERENCE OUT

A
BIPOLAR 63K 163V
OFFSET REFERENCE
REF. OUT i
G
@9
@ +15v e @) GAN ADy (9 -15vac

For Immediate Assistance, Dial 1-800-233-2765
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FUNCTIONAL SPECIFICATIONS TECHNICAL NOTES
Typical at 25°C and +15V supplies unless otherwise noted.
1. The DAC-HZ12 series converters are designed and
DAC-HZ12B DAC-HZ12D factory calibrated to give +12 LSB linearity (binary
INPUTS (Binary) (BCD) version) with respect to a straight line between end
Resolution ............... 12 Binary bits 3 BCD Digits points. This means that if zero and full scale are ex-
Coding, unipolar output.... Comp. Binary Comp. BCD actly adjusted externally, the relative accuracy will be
Coding, bipolar output........ Comp. Off. Binary - +%2 LSB everywhere over the full output range
Input Logic Level, without any additional adjustments.
bit ON (“0”). ....vvnenn. . 0Vto +08V at —1 mA
Input Logic Level, 2. These converters must be operated with local sup-
bit OFF (“17) +2.4Vto +55V at +40 yA ply by-pass capacitors from +15V to ground and
Logic Loading. ............ 1 TTL load —15V to ground. Tantalum type capacitors of 1 .F are
OUTPUTS recommended and should be mounted as close as
possible to the converter. If the converters are used
Output Current, unipolar. ... 0to -2mA, +20% 0to -1.25 mA, +10% in a high frequency noise environment a 0.01 uF cer-
3;:';;: gm:;:::’:;;;: - 212;"\? +20% N amic capacitor should be used across each tantalum
Output Impedance, lout, capacitor.
o ;’:m‘;’l;é o o 5kohms ) 3. When operating in the current output mode the
bipolar.. ... .. SR 28k ohms _ equivalent internal current source of 2 mA must drive
Output Voltage Ranges, both the internal source resistances and the exter-
unipolar. ............... Vto + 5V Oto + 25V nal load resistor. A 300 nanosecond output settling
oVto + 10V Oto +5V time is achieved for the voltage across a 100 ohm
Oto +10V load resistor; for higher value resistors the settling
°‘::l"‘;'h"r°"‘9° Ranges, a5 _ time becomes longer due to the output capacitance
POIAF: - ereveeeeeee zsi/ — of the converter. For fastest possible voltage output
10V — for alarge transition, an external fast settling ampli-
Output Current, Vout........ +5 mA min. . fier such as DATEL's AM-500 should be used in the
Output Impedance, Vout.... 005ohm . inverting mode. Settling time of less than 1 microse-
PERFORMANCE cond can be achieved. See application diagram.
Voltage Output CALIBRATION PROCEDURE
Nonlinearity ............ +%2 LSB max. +% LSB max. .
Differential Nonlinearity. . . . . +% LSB max. +Ys LSB max. 1. Select the desired output range and connect the con-
Gain Error, before trimming.. +0.1% of FSR! . verter up as shown in the Output Range Selection ta-
‘Z:l;o $rror, before trimming. . tg.gs% %SSR' . ble and the Standard Connection diagrams.
z:,:,‘ 133.5:31 T.::}h;},'.;,;'x:: :3 pﬁfnr?oc of ESR! . 2. To calibrate, refer to the Coding Tables. Note that
Offset Tempco, bipolar, max.. +10 ppm/°C of FSR! M complementary coding is used.
e e o ai : 3. Zeroand Offset Adjustments |
Monotonicity ............. Over oper. temp. range . For unipolar operation set all digital inputs to “1”
Setting Time, lout to 2 LSB2. 300 nsec. M (+2.0 to +55V) and adjust the ZERO ADJ. poten-
Settling Time, Vout to %2 LSB 3 usec.? : tiometer for zero output voltage or current. For bipo-
Slew Rate................ 20Vijsec. ) . lar operation set all digital inputs to “1” and adjust the
Power Supply Rejection... . . £0002% FSR/% Supply OFFSET ADJ. potentiometer for the negative full
POWER REQUIREMENTS scale (for voltage out) or positive full scale (for cur-
rent out) output value shown in the Coding Table.
Power Supply Voltage...... +15V dc, +05V dc at 10 mA
-15V dc, +05V dc at 16 mA 4. Gain Adjustment
+12V dc operation* Set all digital inputs to “0” (OV to +0.8V) and adjust
PHYSICAL/ENVIRONMENTAL the GAIN ADJ. potentiometer. for the positive full
scale (for voltage out) or negative full scale (for cur-
Operating Temperature rent out) output value shown in the Coding Table.
Ranges ................ 0°C to +70°C
and -55°C to +125°C OUTPUT RANGE SELECTION
Storage Temperature Range. -65°C to +150°C
Package Size............. 1300 x 0.800 x 0.160 inches
Package Type............. 24 Pin Ceramic DIP BIN. RANGE | CONNECT THESE PINS TOGETHER
Pins............coveut Kovar 0.010 x 0.018 inches
Weight................... 0.22 ounces (63 grams) +10V 15&19 |17 &20 — 16 & 24
+5V 15&18 |17 &20 — 16 & 24
*Specifications same as first column +25V 15 & 18 (17 & 20 19&20 (16 & 24
FOOTNOTES: +10V 15&18 (17 & 21 — 16 & 24
1. FSRis full scale range and is 10V for 0 to +10V or -5V to +5V output; 20V for +5V 15&18 (17 &21 19&20 [16&24
10V output, etc.
2. Cturfent ot?tput mode. +1mA - 17820 - 16 & 24
3. For 2.5k or 5k feedback. For 10k feedback the settling time is 4 microseconds. -2mA - 17821 - 16 & 24
4. For +12V dc operation, contact factory. VOLTAGE OUTPUT IS AT PIN 15.

CURRENT OUTPUT IS AT PIN 20.

3-14 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3C00/TLX 174388/FAX (508) 339-6356.
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D O/ANEL - | DAC-HZ Series

VOLTAGE OUTPUT CONNECTIONS CURRENT OUTPUT CONNECTIONS
(FOR DIFFERENT OUTPUT SCALING REFER TO OUTPUT RANGE -
SELECTION TABLE) ts8 120412 1o UNIPOLAR
UNIPOLAR 11o—g—o 11 14 &__r. 15V
BIT 100——0 10 150 1oaE TPV e
LSB 120012 130 e sot o9 . l 10K TO 100K
o—t—o1 1a = ZERO ADJ
D—‘ Bo—d4—o 8 17
100——0 10 s I‘ O Vayr =070 +10v S DACHZ128 e
go——o 9 = oiGITaL BOTTOM VIEW) 22 MG
wputs 8o—t—8 V190 oyt = 0TO -2 mA
8o——o8 1 out =
DAC-HZ12B +15v So—t—05 20 o
DIGITAL 7>~ dotoa 21 Vout = 0TO -200 mv
INPUTS 6ot 06 (BOTTOM VIEW) 190 22 MEG 26RO 3odwd 2 + 15V L 1 ¢ (0001
so——% 2 m(?gJ\ooK 20— 2 23 RS Jrecer g o
4 o—t—u 4 21 l l E_‘ MSB 1 :1
15V C (0001 - 15V > 4 T 28 MEG
Jog—o3 2o——y—e| L bi TO 001 4F) GAIN - _1sv v
20—t—02 23 I AOJ °
s 1ot 1 _}_ 28 MEG 10K TO 100K
= GAIN
LY ADJ
10K TO' 100K
:128
or BIPOLAR (08 1ze—y—e’? e BIPOLAR
to— ot 1 v
LSB 12 0—g—o12 130 15y 10 r—'“‘o ‘5:_ . .:‘ 15v + 15V
Mottt ot g " iR ! 10K TO 100K
T uF so—t <9 16 +
10— 10 1 + —O Voyt = 070 £5v o = ZERO ADJ
sodoo = 818 pachzize 7
N B , 7To—g—o 7 1Bo 22 MEG
o—— 0IG: !
DIGITAL 7 o——27 premeee e "‘:P:}TAS'. i i ‘:0 loyt = t1mA
INPUTS 60—t 6 (BOTTOM VIEW) 190 22 MEG l 26RO j"_“_o: o Vout = 100 mv
S50——a5 10K TO 100K ’:J PRI B 1 coom
30— 1’3 g = TO 001 «Fy i
4 o—tus 2 TE I “F1S 100
L5V l 1 coom -8V 2002 2 F
Jo—t—0 3 220— L TO 001 uF) GAIN
2042 2 I B ADJ MsB et 2‘°—‘£“ 28 MEG
l 28 MEG 10K TO 100K = s sy
MSB  to—f—o 1 +
= +15V
GAIN
ADJ
10K TO 100K
CODING TABLES
BIPOLAR OUTPUT —
UNIPOLAR OUTPUT — COMPLEMENTARY BINARY COMPLEMENTARY OFFSET BINARY
BINARY INPUT CODE UNIPOLAR OUTPUT RANGES INPUT CODE BIPOLAR OUTPUT RANGES
MsB LSB 07O +10V 0TO +5V 0TO -2mA MSB LsB £ 10V +5V +2.5V +1mA
0000 0000 0000 +9.9976V +4.9988V -1.9995 mA 0000 0000 0000 +9.9951V +4.9976V | +2.4988V | -0.9995 mA
0011 1" 1111 +7.5000 +3.7500 -1.5000 0011 1111 1111 +5.0000 +2.5000 +1.2500 -0.5000
o111 1" 1M1 +5.0000 +2.5000 -1.0000 0111 1111 1111 0.0000 0.0000 0.0000 0.0000
1011 111 1M1 +2.5000 +1.2500 -0.5000 1011 1111 1111 -5.0000 -2.5000 —-1.2500 +0.5000
11 111 1110 +0.0024 +0.0012 —-0.0005 1111 1111 1110 -9.9951 -4.9976 —2.4988 +0.9995
1111 111 11t 0.0000 0.0000 0.0000 1111 1111 1111 -10.0000 -5.0000 -2.5000 +1.0000

EQUIVALENT CURRENT MODE OUTPUT CIRCUIT

6.3k
A 77) BIPOLAR
'R' OFFSET
R VOUT - £2 5V MAXIMUM
E\LJ;RENT (OUTPUT VOLTAGE
)
20 O- COMPLIANCE)
"
+ R,
<> 6.3v <> l'our é 5K 12 <. — Vour R,
N Bin €Q
21
GND
DAC-HZ12B REQ =Ry - 5K for unipolar operation
REQ =Rg I R, = 28K for bipolar operation

'OUT = 2mA binary

For Immediate Assistance, Dial 1-800-233-2765 3-15



DAC-HZ Series

D OVANEL

USE OF HIGH SPEED EXTERNAL OP AMP FOR FASTER SETTLING
Refer to the

Output Range
Selection Table.
Where pin 15 appears
use pin X of external
amplifier and scale as

SN\ desired

-
@ 20 V. RANGE -

7). BIPOLAR OFFSET
N

- Pin 20 or 21

15)—10 V. RANGE
N~

DAC-HZ128

1
[70)_CURRENT OuT ouT
N -

—t

A, ._®

A = EXTERNAL HIGH SPEED INVERTING
OP AMP.. USE DATEL
AM-500 FOR LESS THAN 1.04SEC
OUTPUT SETTLING

PRECISION, LOW COST BASE LINE RAMP GENERATOR

12 130
TIMING ° v,
CIRCUIT 15 o-'—’—-————o ourt
i < 16 0 (0TO+10V)
12817 o o J
BINARY DAC. 180
COUNTER HZ128 @
o
RATE o
ADJUST o
° o
1 40
RESET

.
2

THIS CIRCUIT DEVELOPS A HIGHLY LINEAR (.01%)
OUTPUT VOLTAGE RAMP FROM 0 TO +10V. THE RAMP
CAN BE MADE AS SLOW AS DESIRED WITHOUT
AFFECTING LINEARITY BY SETTING THE PULSE
RATE OF THE TIMING CIRCUIT TO THE PROPER
VALUE. THE OUTPUT RAMP IS GENERATED IN
DISCRETE STEPS OF .024% FS (4096 STEPS FOR

FS CHANGE).

OUTPUT VOLTAGE

EXTREMELY LINEAR
ouTPUT

ov

ORDERING INFORMATION
OPERATING

MODEL NO. TEMP. RANGE SEAL
DAC-HZ12BGC 0to +70°C Epoxy
DAC-HZ12BMC 0to +70°C Herm.
DAC-HZ12BMM -55to +125 °C Herm.
DAC-HZ12DGC 0to +70°C Epoxy
DAC-HZDMC 0to +70 °C Herm.
DAC-HZ12DMM -55to +125 °C Herm.
DAC-HZ12DMM-QL  -55to +125 °C Herm.
DAC-HZB/883B -55t0 +125 °C Herm.

3-16



SAMPLE HOLD AMPLIFIERS

Linearity Acquisition  Aperture Aperture Bandwidth Hold Mode
Model (%) Time Delay dJitter (MHz) Droop Case Page
SHM-HU 0.1 25ns 6ns 10 ps 50 50 pV/ps 24-Pin DIP 4-23
SHM-7 0.1 40 ns 3ns 10 ps 40 100 uV/ips 24-Pin DIP 417
SHM 40 0.1 40 ns 3ns 10 ps 40 100 uV/ps 24-Pin DIP 4-5
SHM-6 0.02 2ps 20 ns 2ns 5 10 pV/us 32-Pin DIP 4-15
New SHM-43 0.01 35ns 5ns 1ps 150 5 uVips 24-Pin DIP 4-7
Preliminary ~ SHM-49 0.01 140 ns 6ns 15ps 16 1 pVips 8-Pin DIP 4-25
SHM-45 0.01 200 ns 6ns +50 ps 16 0.5 pVips 24-Pin DIP 4-11
SHM-4860 0.01 200 ns 6ns +50 ps 16 0.5 pVips 24-Pin DIP 4-13
SHM-30 0.01 500 ns -25ns 0.1 ns 45 0.01 pV/ps 14-Pin DIP 4-3
SHM-20 0.01 1ps 30 ns 1ns 2 0.8 pV/ps 14-Pin DIP 441
SHM-91 0.003 2ys 15ns 300 ps 2 5 uVips 24-Pin DIP 4-19
New SHM-945 0.0004 500 ns 5ns 10 ps 12 0.5 pV/ips 24-Pin DIP 4-21
Advanced MSH-840* 0.01 750 ns 6ns +1ns 1 1 pVips 32-Pin DIP 4-27

* QUAD Simultaneous Sample-Hold with 4-Channel Multiplexer

For Immediate Assistance, Dial 1-800-233-2765

AMPLIFIERS

o
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Contact DATEL for your
Data Acquisition component
needs.

Dial
1-800-233-2765
for
Applications Assistance

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



FEATURES

- Internal hold capacitor
« 1 Microsecond acquisition time

+ 1 Nanosecond aperture uncertainty

» 0.01% Accuracy

» 0.08 MicroV/microsecond droop rate

« Differential inputs

GENERAL DESCRIPTION

DATEL's SHM-20 is a low-cost, complete monolithic sam-
ple-hold amplifier which includes an internal 100 pF MOS
hold capacitor. Primarily designed for high-speed analog
signal processing applications, the SHM-20 features a typ-
ical acquisition time of 1.0 microsecond for a 10V input step
to 0.01%. Aperture uncertainty is typically 1 nanosecond
and droop rate is as low as 0.08 uV/microsecond.

DRIFT CURRENT
VS. TEMPERATURE

Cu = 100 pF INTERNAL
000 + /

o

'DRIFT, pA

0.1

ST Y RO N R
-25 0 +25 +50 +75 + 100 +125
TEMPERATURE, °C

TYPICAL SAMPLE AND HOLD PERFORMANCE

AS FUNCTION OF HOLDING CAPACITOR

|
ACQUISITIO

<— FOR 10V STEP TO
CROSECO

VOLTAGE DROOP
\$—— DURING HOLD

MILLISECONDS

MODI
MILLIVOLTS/100

01

100

™
1001%

m

o
\*— SAMPLE-TO-HOLD
OFFSET (PEDESTAL)
ERROR, MILLIVOLTS
|

1000 10K 100K

Cy VALUE, PICOFARADS

OFFSET

ADJUST +Vg
[OXO] ®
100pF
—ineut -
+INPUT (2 +

S/H CONTROL @———-———-{>——*—‘

(D) outeur

] ® v ©®©
GND -Vg EXT REF INT
HOLD  GND  COMP

For Immediate Assistance, Dial 1-800-233-2765

SHM-20

High-Speed, 0.01%
Monolnthlc Sample-hold

L

R

MECHANICAL DIMENSIONS

INCHES (MM) MAX.

| 0.790 >l
(20,1)
N s S e Y s B e Y s T s B s
14 8
0.32
®.1 SHM-20

0.023 0.100
0.6) (2.54)

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION
1 - INPUT
2 +INPUT
3 OFFSET ADJUST
4 OFFSET ADJUST
5 -Vg
6 REFERENCE GROUND
7 OuTPUT
8 INTEGRATOR COMPENSATION
9 +Vg
10 NO CONNECTION
1 EXTERNAL HOLD CAPACITOR
12 NO CONNECTION
13 SUPPLY VOLTAGE GROUND
14 S/H CONTROL




SHM-20

D O/AYEL

ABSOLUTE MAXIMUM RATINGS

Voltage between Supply Pins (9 & 5)....
Differential Input Voltage
Digital Input Voltage, Pin 14...
Output Current, Continuous!..........cc.ccoeeenennne +20 mA

FUNCTIONAL SPECIFICATIONS
Typical at +25 °C, £15V dc, using internal hold capacitor, unless otherwise
noted

ANALOG INPUTS

Input Voltage Range2, min. +HOV
Input Impedance, min. 1 MQ
Input Capacitance, max. 3pF
Input Offset Voltage, max. 1mV
Input Offset Voltage Drift, max. 20 uv/°C
Input Bias Current, max. 300 nA
Input Offset Current, max. 300 nA

DIGITAL INPUTS?

Logic Level High, Vi ("1") min.,

Hold Mode 2.0V
Logic Level Low, VIN ("0"), max,

Sample Mode. . 0.8V
High Level Inut Current, max. 0,1 pA
Low Level Input Current, max. 10 pA
OUTPUT
Output Voltage Range?, min. +HOV
Output Current?, min. +10 mA
Output Impedance; Hold Mode? 1Q
PERFORMANCE
Accuracy 0.01%
DC Gain, min. 3x105VV
Gain A yt 05x104% FSR
Gain Error Tempco 0.6 ppm/ °C
Gain Bandwidth Products 2 MHz
Hold Mode Feedthrough,

10V P-P, 100 KHz2 2mV
Droop Rate 0.08 uv/us
Droop Rate? 1.2 WS
Charge Transfert 0.1pc
Pedestal Error®. 1mv
Total Output Noise, DC to 10 MHz, max..............ccccccommrrvrrinnnenns 200 uwv RMS
Power Supply Rejection Ratio min.

+VS 80 dB

-V§ 65 dB

DYNAMIC CHARACTERISTICS

Acquisition Time,

10V t0 0.1% 0.8pS

10V t0 0.01% 1.0uS
Aperture Delay Time. [N 30nS
Aperture Uncertainty Time 1nS
Aperture Time 25nS
Hold Mode Settling Time, 0.01%2 185 nS
Rise Time. 100 nS
Overshoot 15%
Slew Rate’ 45V/uS

POWER REQUIREMENTS?

Positive Supply, Pin 9
Negative Supply, Pin 5

+15V, 0.5V at 11 mA
-15V, 40,5V at -11 mA

PHYSICAL/ENVIRONMENTAL

0to+70°C
65 to +150 °C
14-pin, Ceramic DIP

Operating Temp. Range
Storage Temp. Range
Package Type

Footnotes

1. Internal power dissipation may limit output current below +20 mA.

2. Over full operating temperature range.

3. Cannot tolerate even a momentary short circuit to ground or either supply.

4. Voltage gain = +1

5. Voltage gain = +1, load resistance = 1 k<, load capacitance = 50 pF, output volt-
age = 100 mV P-P.

6. Inputvoltage = OV, digital input voltage = 3.5V.

7. Output voltage = 10V step.

8. A power supply voltage as low as +12V may be used. However, this will cause
some degradation in performance.

9. For Ct =100 pF. For CH = 1000 pF Pedestal Erroris 0