A T "ADS-105, ADS-106
@ - IL' 12-BIT, 1 MHz
SAMPLING A/D CONVERTERS

FEATURES

+ 12-Bit resolution

« 1 MHz throughput !
+ 15 Megohm input impedance

- Includes fast Sample/Hold -

amplifier ot

- 3-State output, TTL and CMOS o
compatible e o [5E

GENERAL DESCRIPTION

#i g

The ADS-105 and ADS-106 provide o o

high-speed, highly accurate, multiple -
sample digitization of sinusoidal signals.
These devices use a two-pass, digitally
correcting subranging architecture. Both
models have an analog-to-digital (A/D) -
converter and a sample-and-hold amplifier o 0] © o) 0]

(S/H). Combining both the A/D and S/H in LX) ” - o comecrion
one device eliminates critical layout
problems assuring stable, high-bandwidth
operation.

i
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The ADS-105 accepts unipolar analog

inputs (0 to +10V) while the ADS-106 Fiqure 1. -1 -1 i i i
aceepts full Scale bipolar inputs (£10V). gure ADS-105, ADS-106 Simplified Block Diagram

The ADS-105/-106 offer outstanding high MECHANICAL DIMENSIONS 2‘:3&%"1'.733;
speed analog performance. Maximum INCHES (mm)
differential linearity error is 0.025% FSR PIN |SIGNAL NAME
+1/2 LSB of full scale (0 °C to +70 °C).The 1.101 MAX
maximum gain temperature coefficient is I—W_'I 1 |#10V REF OUT
+35 ppm of FSR/°C. Both models 0.190 MAX § mﬂgH
guarantee no missing codes over the full I J t 4.8) 4 | INPUT LOW
-55 °C to +125 °C operating temperature 5 | OFFSET ADJUST IN
range. —F.010 X0.018 [l 0.150 MIN. 6 NO CONNECTION
KOVAR (3.8) ; OSMPIE:_IS\IIC‘ out
Dynamic specifications include a total ' 9 %EQ,_—E(G,Q) N
sampling rate of 1 MHz for sinusoidal 10 |ENABLE (1-50.F.)IN
signals which do not exceed the internal 16 17 11 |+5V POWER IN
bandwidth, settling, and slew rate 12 O
Al - h +15V POWER IN
specifications. The input bandwidth of the 14 |-15v POWERIN
S/H accepts sinusoidal signals up to 40 15 |-5V POWERIN
KHz (10V peak to peak) with -70 dB typical 1 1.712 MAX. 16 | ANALOG GROUND
harmonic distortion. Be:gv?" SPACES (435 :; %cgg; RoL out
. X AT 0.100 19 | BIT 12 (LSB) OUT
Applications for the ADS-105/106 in- (2,5) 20 |BIT110UT
clude data acquisition and control sys- ’ 21 | BIT 10 OUT
tems, array processing, vibration and 2 sreoT
resonance analysis, medical imaging and 24 lBiIT70UT
scanning, communications signal pro- 1 32 25 |BIT6OUT
cessing, noise and spectrum analyzers, gg ggi%
and video processing. I 0.900 I 25 leiTs out
For high-reliability versions of either the (22.9) gg glrﬁ (%ge) ouT
ADS-105 or the ADS-106, contact the fac- NOTE: Pins have a 0.025 inch, +0.01 31 |START CONVERT IN
tory. stand-off from case. 32 {GAIN ADJUSTIN
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ABSOLUTE MAXIMUM RATINGS

PARAMETERS LiMITS UNITS
+15V Supply (Pin 13) 0to +18 Volts dc
-15V Supply (Pin 14) Oto-18 Volts dc
+5V Supply(Pin 11) -0.5t0 +7 Volts dc
S -5V Supply (Pin 15) +0.5t0-7 Voits dc
Digital inputs -0.3t0+5.5 Volits dc
(Pins 7, 9, 10, and 31)
Analog input -15t0 +15 Volts dc
Lead temp. (10 sec.) 300 °C max.

FUNCTIONAL SPECIFICATIONS

The following specifications apply over the operating tempera-
ture range and power supply range unless otherwise indicated.

INPUTS MIN.| TYP. MAX. UNITS
Analog Signal Range

ADS-105 - 10 to+10 - Volts

ADS-106 - +10 - Volts
Input Iimpedance

Resistance 5 15 - M Ohms

Capacitance - 5 7 pF
Input Bias Current - | 0 +500 nA
Logic Levels: |

Logic 1 ‘2.0 - - . ... Volts

Logic 0 - - 0.8 Volts
Logic Loading:

Logic 1 - = - 2.5 HA

Logic O - - -100 HA
SAMPLE/HOLD o
SPECIFICATIONS | MIN.| TYP. MAX. UNITS
Slew Rate - 90 - V/uSec.
Aperture Delay. Time - 20 - nSec.
Aperture Uncertainty
(Jitter) . - +100 - pSec.

S/H Acquisition Time
to 0.01% (10V step)

+25°C - - ‘715 nSec.
0°Cto +70°C - - 765 nSec.
-55°Cto +125 °C - - 900 nSec.
Sinusoidal Input - - 395 nSec.
APPLICATIONS
- High-speed Data Acquisition and Control
Systems

- Array Processing, Vibration and Resonance/
transient Analysis

» Medical Imaging and Scanning

- Communications Signal Processing

- Spectrum and Noise Analyzers

« Video Processing Systems

PERFORMANCE MIN.| TYP. MAX. UNITS
Integral Nonlinearity
+25°C - - 10.0125| %FSR +1/2LSB
0°Cto+70°C - - +0.0125 | %FSR +1/2LSB
-55 °C to +125 °C - - +0.0125 %FSR +3LSB
Integral Nonlinearity
Tempco - - 18.5 ppm/°C
Differential Nonlinearity
+25°C - - +0.0125 | "%FSR +1/2LSB
0 °Cto+70°C - - +0.0125 | 9%FSR +1/2LSB
-56°C 10 +125°C - - $0.0125| %FSR +1LSB
Differential Nonlinearity
Tempco - - +6.1 ppm/ °C
Full-Scale Absolute
Accuracy
* - 13 18 LSB
1. 0°Cw+70°C - 14 +14 LSB
-55°Cto +125°C - +8 +29 LSB
ADS-105
Unipolar Zero .
Error, +25 °C - 1 3 Ls8e
Unipolar Zero
Error
Tempco - +13 +25 ppv °C
ADS-106
Bipolar Offset
Error, +25 °C - +2 5 LS8
Bipalar Offset
Error Tempco - +17.5 +35 ‘pom/ °C
Bipolar Zero Error,
+25 °C - ‘11 +3 LSB
Bipolar Zero Error
Tempco - +13 +25 ppv °C
Gain Error - 12 +5 LsB
Gain Error Tempco - +17.5 +35 ppm/ °C
No missing codes
(For 12 binary bits) Guaranteed over operating temperature
range.
OUTPUTS MIN.| TYP. MAX. UNITS
Logic Levels:
Logic 1 2.4 - - Volts
Logic 0 - - 0.4 Volts
Logic Loading:
Logic 1 - - - 160 HA
Logic 0 - - 6.4 mA
Internal Reference:
+Voltage, +25° C 9.98 10 10.02 Volts dc
Tem — 5 +30 ppmy °C
External current - - 1.5 mA
Output Coding:
ADS-1 . ’
(ps, 7?_]5;9,.,) Straight binary
(Pin 7 Low) Complementary binary
ADS-106 Offset binary
(Pin 7 High) ]
{Pin 7 Low) Complementary offset binary
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ADS-105, ADS-106

DYNAMIC MIN. | TYP. MAX. UNITS
PERFORMANCE
Conversion Rate:
+25°C 1 - - MHz
0°Cto+70°C 1 - - MHz
-556°Cto +125°C 1 - - MHz
A/D Conversion Time:
+25°C - - 500 nSec.
0°Cto+70°C - - 540 nSec.
-55°Cto +125°C - - - 560 nSec.
Total Harmonic
Distortion:
DC to 100 KHz,
{Vin = <5V pk-pk)
+25°C -65 -70 - [ ]:]
-55°Cto+125°C -61 -66 - dB
DC to 40 KHz, .
(Vin = 10V pk<pk) )
+25°C -65 -70 - dB
-55°Cto +125°C -61 -66 - dB
DC to 25 KHz,
(Vin = 20V pk-pk)
+25°C 65 | -70 -, dB
-55°Cto+125°C -61 -66 - dB

TECHNICAL NOTES

1. Use external potentiometers to remove system errors or
to reduce any small initial errors to zero. Use a 20K
trimming potentiometer for gain adjustment with-the wip-
er tied to pin 32 (ground pin 32 for operation wittrout ad-
justments). Use a 20K trimming potentiometer with the
wiper tied to pin 5 for zero/offset adjustment (leave pin
5 open for operation without adjustment).

2. Rated performance requires using good high frequency
circuit board layout techniques. The analog and digital
grounds are not connected internally. Avoid ground-
related problems by connecting the digital and analog
grounds to one point, the ground plane beneath the
converter.

Do not connect these grounds together at the power sup-
ply terminals when the power supplies are located some
distance from the ground plane. Due to the inductance
and resistance of the power supply return paths, re-
turn the analog and digital ground separately to the

power supplies. This prevents contamination of the ana-
log ground by noisy digital ground currents.

3. Bypass all the analog and digital supplies to ground with
a 4.7uF, 25V tantalum electrolytic capacitor in parallel
with a 0.1uF ceramic capacitor. Bypass the +10V refer-
ence (pin 1) to ground (pin 16) also using a 4.7uF, 25V
capacitor. The -5V dc supply is treated as an analog sup-
ply 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
the COMP BIN signal {pin 7)to +5V dc or leaving it open.
The device has an internal pull-up resistor on this pin.
To obtain complementary binary or complementary off-
set binary output coding, tie the COMP BIN pin to
ground. The COMP BIN signal is compatible to CMOS/
TTL logic levels for those users desiring logic control of
this function.

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

POWER WIN. [ TYP. MAX. UNITS
REQUIREMENTS
Power Supply Range|
+15V dc Supply +1425 | +15 | +15.75 Volts dc
=15V dc Supply -14.25 -15 -15.75 Volts dc
+5V dc Supply +4.75 +5 +5.25 Volts dc
-5V dc Supply -4.75 -5 -5.25 Volts dc
Supply Current
+15V Supply - +40 +54 mA
-15V Supply - -30 -40 mA
+5V Supply * - +56 +90 mA
-5V Supply - -173 -210 mA
Power Dissipation - 2.2 2.7 Watts
Supply Rejection - - +0.01 %FSR/%V
PHYSICAL/
ENVIRONMENTAL MIN. | TYP. MAX. UNITS
Operating Tempera-
ture Range
MC Models 0 - +70 °C
MM Models -55 - +125 °C
Storage Tempera-
ture Range -65 - +150 °C
Weight - — 0.42(12) oz.(gram)
Package Type 32-pin hermetically sealed ceramic DIP
Pin Type 0.010 x 0.018 inch Kovar

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

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 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 indicates that the con-
verter can accept a new analog input.

7. Full-scale absolute accuracy refers to the unadjusted per-
formance of the ADS-105/106. These figures may be im-
proved substantially using external trim circuits.

THEORY OF OPERATION

This theory of operation describes the ADS-105/106's function
in conjunction with its internal Sample/Hold amplifer for digitiz-
ing sinusoidal signals. The ADS-105/106 employs a subranging
A/D conversion architecture with digital error correction. Also
known as a two-step conversion method, this technique uses a
single 7-bit flash A/D converter twice in the conversion process
1o yield a final resolution of 12 bits. Refer to the connection dia-
gram, the block diagram, and the timing diagram as needed.

The ADS-105/106 guarantees a 1 MHz throughput rate when
the START CONVERT pulse of 50 nanoseconds is provided at
a1 MHzrate. The 1 MHz rate is based upon sinusoidal input fre-
quencies up to those specified in the harmonic distortion speci-
fications. The acquisition time for pulse or level signals is longer
and listed under the acquisition specifications (10V step).

The ADS-105/106 is in the sample mode when the S/H CON-
TROL pin is high (S/H is in 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 as
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THEORY. OF OFERATION (Cont.) R
.sures the sample-hold has the m,numum reqtired acqmsmén
time for the particular application ' mods. - Sinusgidal mpmsbe
ing digitized by using a repetitive START VERT pliss) Will»
automatically give the appropriate acquisition tume when con-

tinuously sampling.

Upon going into the hold mode, there will be a 75 nanosecond
delay before EOC goes high and'the A/D tonversion begine.: i
This consists ¢f the remaining 40, nanoseconds of the START:
CONVERT (10 nanoseconds is part of the acquisition*time):
and a 35 nanosecond maxinfum delay from START CONVERT,
low to EOC high. The hald mode settling time and input set-;
tling time requirements required are met by observung this 3“'"'
ing.

Lo

After conversion is initiated, switch S1 of the ADC closes and '
S2 opens. The analog mput having been configured for the
appropriate input range, is buffeded and then digitized by the '
7-bit flash ADC to determine the sevén most significant bits.
The seven bits of data are then stored in a register and provld'
ed to the input of a 7-bit digital-to-analog converter. TI'IIS DAC
has 13 bits of linearity.

When the first pass-finishes, S2-closes and St opens. The

output of the DAC is then subtracted from the analog input. !
The result is a voltage difference between: the first 7-bit digiti-
zation and the analog input. This voltage difference is -ampli-
fied and converted by the 7-bit ADC. The it of this second’
conversion is then latched to detérmine the least 7 sugmﬂcam

bits. The outputs from the two registers are then combined by,

the digital correction logic to produce a‘12:bit'word. EOC ‘goes
ow indicating the conversion is:compiéte, and the output

passes to three-state output buffers. =

Once the second step of the flash ADC is flnlshed the analog
input can chargé even though the conversion cycle has not
been-completed (EOC ‘going few). Tha S/H Control eutput
goes high shortly before EOC goes iow, indicating that the
. Sample/Hold is back sampling the-input. This feature improves
the overall throughput of the ADS-105/106.

Data from the previous conversion is valid up to 350 nanosec-
onds after the falling edge-of the START CONVERT pulse.
Data from the new cgnversion is valid a minimum of 25 nano-
seconds before the EOC goes fow-and valid up to 350 nano-
seconds after the falling edge of the naxt START CONVERT
pulse. There is.a 10 nanasecopd maximum delay after the
three-state output buffers are enabled before the data is valid
at the device output.

The overall throughput of the ADS-105/106 for sunusoldal in-

ANALOG!INPUT \

of‘395
nds tor STAR
Iays,

Yor, isition time, 75 nan-
andmlilax propagataon de-

-nanceiecongde-for-A/D- :time minus-30 nan-
oséconds for the S'H CONTROL ;m A throughput time of
10b0 mosecohds is obtained and a 1 Mhz throughput rate is

reahzed

Combmmg the A/D and S/ in one device allows the ADS-105/
106 to guarantaa a total tht‘p 2g)ué)perlod of 1.0 microsecond
maxmum ‘over th temperature range for the

sterh or a*NrOu hput rak MHz. Retriggering
tha TA CONVERT pulsk before goes low will not ini-
tlate a new conversion.

“E

Thp practical results of thig meansithat single-channel (non-
multiplexed) full-scale inputs with' spectral content not ex-
cepding 40 KHz for 10V peak-peak signals may ‘be digitized up
to a 1 MHz rate. This will give about 25 data samples per cycle
to 12-bit accuracy and linearity. This type of resolution is ideal
for. capture of signals with a broad ispectral content of 40 KHz
and below (10V peak-to peak signals). Because many sam-
ples may be taken in a short sampling interval, the ADS-105/
106 are ideal for computer-aided spectral analysis of a complex-
fret:|uency signal. The 12-bit performance is ideal for larger fast
. fourier pransform sizes of 1024 to 4096 points by reducing fre-
quency ‘binning resolution honse

For multi-channel multlplexed signals, the very high multiplex-
ing rate allows larger numbers of channels while still retaining’
moderate bandwidih per.ghannel. .\sers requiring higher input
bandwidth or faster..acquisition. times should review Datel's
ADS-21, or ADS,22-Sampling AID caonverter.

Table 1..

ADC-105, - ADC-mé ‘Yiming Specifications
TiMING ‘ mn‘. TYP.| MAX. | UNITS
Start Convert Pulsc > B :
Width: 50 } - - nSec.
Start: Convert Lipw o e
to FOC High Delay: - 20 - 35 nSec.
Start Convert Low.:~ : :
to Previous Data
lnvalld . 350 - - nSec.
Valid Bofore o
E G Goes Low 2 | - - nSec..
Enable to Output o
_ag&vuld Delay. . = - 10 nSec.
Low to Start ‘355 - - nSec.
Convert High ' :
(Sinusoidal Inputs)

Noteé: Table 1 applnes over the operating temperature range
and over the operanng power supply range.

‘NOTES:

‘4—too w8 THﬁOUGHBUT PERIOD.

““‘“’1

1. Drawing is not 1o scale.

. nS min
A —L‘;'fﬁm’ e
[ conTROL{OUT 4 . ¥ 2ans
sH Liou —ﬁ:l", - - _r#wm’m
—» ==TorS :
AD EOCIoUT ——d gz“g:‘: B ' iy
E BUSY 25_"2: tt' E5C
nS, min.—'—I mn ' b
OUTPUT | DATA DATA N-1 VALID [><| DATA N VALID
INVALID
ENABLEN DATA IN 10 06— #|_|#— ENABLED|DATA NIVALID
Figure 2. ADC-105, ADC-106 Timing Diagram "~
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15V —
- -1V 5 .
a7oF |47uF G 474 P
01 F r|‘| - 01 WF
16 14
15V ANA. -1V sV

+15V GND.
20K GAIN ADJUST IN
1BV
+1V REF OUT
RANGE IN
01 a7

ANA. INPUT HI

6_® ANA. INPUT LO ADS-106
+5v o———5—(7) CowPL BN

SNMV CONVERT
[

NO CONNECTION

©
@ Osa&comnot.
©

ZEROIOFFSET
ADJ IN

B
.usvpia--sv

200

Figure 3. ADS-106 Typical External Connections, + 10V dc

SYSTEM CALIBRATION PROCEDURE

Remove system errors or the small initial-errors as follows: For bipolar operation, adjust the potentiometer such that

move sy ‘the code flickers equally between 1000 0000 0000 and
1. Connect the converter per Figure 3 and Table 2 for the ap- 1000 0000 0001 with the COMP BIN tied Wee"
propriate full-scale input range (FSR). The data outputs 011111111111 and 0111 1111 1110 with tied
should be connected to LED's to observe the resulting data oW

alues.
val 3. Full Scale Adjustment:

Set the output of the voltage reference used in step 2 to the
Table 2. Input Connections value shown in the Tables 3 and 4 for the unipolar or bipolar
) gain adjustment (+F.S. -1 1/2LSB) for the appropriate FSR.
INPUT VOLTAGE INPUT JUMP PIN 2 Adjust the gain trimming potentiometer so that the output
RANGE PIN TO PIN: code flickers equally between 1111 1111 1110 and 1111
1111 1111 for N (pin 7) tied high or be{ween 0000

0to +10V de 3 No connection 0000 0001 and 0000 0000 0000 for COMP BIN tied fow.

+10Vde "3 1(+10V Ref.) " To confirm proper operation of the device, vary the
: precision reference voltage source to obtain the output

coding listed in the Tables 5 and 6.

Apply a pulse of 50 nanoseconds minimum to the START CON-
VERT 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 Table 3. Zero and Gain Adjust for Unipolar Use
purposes.

2. Zero Adjustments: RANGE ZERO ADJUST| GAIN ADJUST

Apply a precision voltage reference source between the ana- | UNIPOLAR FSR (+1/21SB) | (+FS-11/2LSB)
log input (pin 3) and analog ground (pin 16). Use a very low- 0 1o +10V +1.22mV dc +9.9963V dc
noise signal source for accurate calibration.

Adjust the output of the reference source per Tables 3 and
4 for the unipolar zero adjustment (+1/2 LSB) or the bipolar
zero adjustment (zero + 1/2 LSB) for the appropriate full
scale range. For unipolar operation, adjust thgpzer% trimming RANGE ZERO ADJUST | GAIN ADJUST
potentiometer so that the output code flickers equally between

0000 0000 0000 and 000D 0000 0001 with the O&S'M&"BTﬁ BIPOLAR FSR (+1/2 LSB) (+FS -1 1/2LSB)
(pin 7) tied high or between 1111 1111 1111 and 1111 +10V +2.44mV +9.9927V
1111 1110 with COMP BIN tied low.

Table 4. Zero and Gain Adjust for Bipolar Use
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Table 5. Output Coding for Unipolar Operation

UNIPOLAR INPUT RANGE : "OUTPUT CODING
SCALE ‘ Straight Binary Complementary
Straight Binary
0 to +10V MSB LSB | MSB LSB
+FS - 1 LSB +9.9976V 1111 1111 1111 0000 0000 0000
7/8 FS +8.750V 1110 0000 0000 0001 1111 1111
3/4 FS +7.500V 1100 0000 0000 0011 1111 1111
1/2 FS +5.000V 1000 0000 0000 0111 1111 1111
1/4 FS +2.500V 0100 0000 0000 1011 1111 1111
1/8 FS +1.250V 0010 0000 0000 1101 1111 1111
1 LSB +0.0024V 0000 0000 000t 1111 1111 1110
[} 0.0000V 0000 0000 0000 1111 1111 1111

.

Table 6. Output Coding for Bipolar Operation

BIPOLAR INPUT RANGE OUTPUT CODING
SCALE . Straight Binary Complementary
Straight Binary
+ 10V MSB LSB MSB LSB
+FS - 1 LSB ~ +9.9951V 1111 1111 1111 0000 0000 0000
+3/4 FS +7.5000V 1110 0000 0000 0001 1111 1111
+1/2 FS - +5.0000V 1100 0000 0000 0011 1111 1111
0 0.00000V 1000 0000 0000 0111 1111 1111
-1/2 FS -5.0000V 0100 0000 0000 1011 1111 1111
-3/4 FS -7.5000V 0010 0000 0000 1101 1111 1111
-FS + 1 LSB| -9.9951V 0000 0000 0001 1111 1111 1110
-FS -10.000V 0000 0000 0000 1111 1111 1111

ORDERING INFORMATION

ADS-105 i 12-Bit, 1 MHz . N

ADS-106 Sampling A/D Converters

MODEL TEMPERATURE INPUT VOLTAGE

RANGE RANGE
ADS-105MC 0°Cto +70°C 0 to +10V
ADS-106MC 0°C to +70°C -10to +10V
ADS-105MM° -55°C to +125°C 0 to +10V
ADS-106MM -55°C to +125°C -10 to +10V
. Trimming Potentiometer: TP 20K (2 required)

A receptacle for PC board mounting can be ordered through AMP
Incorporated, #3-331272-8 (Component Lead Socket), 32 required.
For high-reliability versions of the ADS-105/-106, contact the factory:
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