ANALOG DEVICES INC

ANALOG
DEVICES

.

<
1tE D WH 0681L&00 D0l4817 7 W

T-S1-10-10 10-Bit Video
Analog-to-Digital Converter

CAV-1040

FEATURES
10-Bit Resolution

CAV-1040 FUNCTIONAL BLOCK DIAGRAM

40MHz Word Rate
Single 35-In? PC Board

OF|
ECL Compatible + SR
No Externat Circuits Required
APPLICATIONS

Radar Digitizing

Medicat Instrumentation
Digital Communications
Spectrum Analysis
Transient Analysis
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GENERAL DESCRIPTION

The Analog Devices Model CAV-1040 A/D converter is a “‘system
solution” which combines 10-bit resolution, 40MHz word rates,
and small size to solve high-speed digitizing problems. Its design
is based on proven concepts introduced in the MOD-1020 and
MOD-1205 A/D Converters and takes advantage of recent advances
in technology to achieve a new level of performance in high-resolu-
tion converters.

It is pin-for-pin compatible with the industry’s first 10-bit,
20MHz A/D, the MOD-1020. But it doubles the word rate of its
predecessor, making it possible for system designers to upgrade
their systems without new layouts.

This remarkable converter is a complete answer to the question
of digitizing radar, video, and/or other high-frequency inputs; it

includes a track-and-hold, along with encoding and timing circuits.
The CAV-1040 is an ideal choice for the designer who needs
state-of-the-art performance in high-resolution, ultra-high-speed
A/D conversion.

For applications requiring maximum analog bandwidth, the
CAV-1040A is the choice. In this version, the input operational
amplifier and its associated offset and gain controls have been
eliminated; this effectively doubles the analog input bandwidth.

All inputs and outputs are ECL, compatible. Analog input im-
pedance is 250 ohms on 1V range; 500 ohms on 2V range. The
A/D requires only an encode command and external power
supplies for operation. The CAV-1040 is repairable and backed
by Analog Devices’ limited one-year warranty.
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CAV-1040 CAV-1{M0A
RESOLUT(ON(FS = Full Scale) Blu . 10 -
%FS 0.1 *
LSBWEIGHT
1¥p-pFS mV 1 NA
Wpp FS mY 2 *
ACCURAS
(Inchd.:llhnﬂmy)cdt %FS £112LSB 0.05 .
Morotonicity Guarasteed
Nonliaearity Vs. Temperature. ppm/"C 10 -
Offset vy, Temperature e/ C{max) 200(300) .
Gaia vs. Temperature pEaC{max) $0(100) *
DYNAMICCHARACTERISTICS
In-Band icst
S0GkHz input dBbelow FS, min [3] .
2,3MHzinput 4B below FS, min 535 .
9.3MHzinput dB befow FS, min -
Consersion Time? Ds 100 + § clock period *
Cogversion Rate MHz, max 40 *
Apertare Unceruinty {Jitter) P, s MAX 0 .
Effective Aperture Delay Time? ns -2 g
(+2nsto’erzace unit4o-unit}
Signsl to Noise Ratio (SNR) dB, min .
Neise Powes Ratio (NPR)* dB{min) S0(47) .
Transient Resposse® ns s .
Overvaluge Recovery” as S0 *
Input Bandwidth
Small Signal, Jd.ﬂ' MHz 0 4
Large Signal, 3dB’ MHz 0 40
Two-Tooe Linearity (@ Input Frequencies)*®
(360kHz; 350kHz) dB below FS, min 67 .
Differential Phase** ° 0.5 .
Differential Gain! % 1 .
ANALOGINFUT
Veltage Range
Ioput Pins9 & 10 Connected Y,ppFS 1 NA
TeputPinor 10 V,p-pFS 2 NA
v, max =4 *
InputPin® V.p-pFS NA 2%
InputType Either Unipolar or Bipolar Bipolaronly
Impedance
1V fnput Rarge Ohms 250 N/A
2V IsputRarge Ohms 500 *
Offset mV Adjustable to Zero with =4
On-Card Potentiometer (Notadjustabie)
v3. Tempenrature ppavC{max) 200(300) .
ENCODECOMMAND INPUT'
Logic Lesels, ECL-Compatible v .
(Bafacced Input) A\ *
Impedance(Lizne-to-Line) Ohms, max. *
Riscard Fall Times ns, max .
Width
Mia as .
Max IO'S of Encode Command penod
Frequency'? MHz deo 40
DIGITALOUTPUT
Format Bits 10 Parallel; NRZ *
Logic Levels, ECL-Compatible v gt s -7 .
{Batanced Quiput) v “1m= -0.9 .
Drive{Lire-1o-Line) Ohms, min 75 -
Time Skew s, max 5 *
Codizg Binary (BIN); Compl. Binary (CBIN)
2'sComplement(25C) Cempl. 2'sCampl. (C25C)
DATAREADY OUTPUT
Logic Levels, ECL-Compatible v 0 -1.7 -
{(Bafasced Curpat) v M= -0.9 *
Drive (Line-to-Lire) Ohms, min 7 *
Riseand Fall Times ns, max 5 *
Duraticn s (max) 10(=2) *
POWERREQUIREMENTS™
+15Y =5% mA, max 375 *
— 15V =5% mA, max 00 *
£5V £5% mA, max 25 .
~S.2VE5S% A, max 5 .
Power Consumption W (max) 20022 .
TEMPERATURERANGE
Openitizg [ Oto +70 *
Storage < —~55t0 +85 *
Coolizg Air Requircatents LFPM 500 .
(Linear Feet Pee Minute}
CONSTRLCTION
Sizgle Printed Circuit Card Taches 7.0x5.0x0.5 *
MEANTIMEBETWEENFAILURES®  Hours 322%10°

2.9511.
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ALL GROUND PINS ARE CONNECTED TOGETHER WITHIN THE ADC.

NOTES
'In-Band H i in terms of in-band
signals and related harmomcs genemed at 40MHz encode rate.
IMeasured from leading edge Encode Command to trailing edge
Data Ready; use trailing edge to strobe output data into external
circuits (see Text).
38ce text for Effective Aperture Delay Time description.
“Rms signal to rms noise ratio with 500kHz analog input.
5Dc to 8.2MHz white noise bandwidth with slot fi
3.886MHz, and encode rate of 40MHz.
SFor full-scale step input, 10-bit accuracy attained in specified

time.

TRecovers to 10-bit accuracy in specificd time after 2 X FS input
overvoltage.

*With analog input 40dB below FS.

*With FS analog input. (Large-signal bandwidth flat within 0.2dB,

dec to 8MHz on CAV-1040; dc to 20MHz on CAV-1040A.)
19Egch input frequency applied at level 7dB below full scale.
"Differential phase and differential gain measured with 20-IRE
unit reference.
7Teansition from digital “0" to digital “1” initiates encoding.
3For operation at word rates below 500kHz, consult factory.
"+ 15V must be equal and opposite within 200mV and track over
temperature.
YCalculated using MIL HNBK-217; +25°C Ambient; Ground
Fixed; 500 LFPM Air Flow.
*Specifications same as CAV-1040.
Specifications subject to change without notice.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
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PIN DESIGNATIONS
PIN|  FUNCTION PIN| FUNCTION |
19 | 1Y
ENCODE COMMAND |1 20 {81
3 2118177
4_|GROUND 22]]
23181
8 [+15V 24 | BIY
5 25 | 81
8 _{GROUND 26 |BITA
5 |ANALOG INPUT #1 || 27 [or
10_| ANALOG INPUT #2 28 [BIT
11_[+5V 29
12 [GROUND 30 18I
13_[GROUND. 31
14 [BIT10 22 [BITT
15 JBIT10 33 | BI
1 9 34 [ DAY,
17 |BiTY 35 | GROUND
18 [BIT8 36 | DATA READY
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Theory of Operation — CAV-1040

THEORY OF OPERATION - .
Refer to the block diagram of the CAV-1040.

The OFFSET and GAIN controls shown on this diagram are
exclusive to the model CAV-1040; they are not included in the
model CAV-1040A. In the latter unit, the input operational
amplifier is replaced by a buffer amplifier. As shown in the
SPECIFICATIONS table, this difference in the front-end design
causes the CAV-1040A to have only one input range 2V p-p);
and materially increases the bandwidth of the converter.

Analog input signals to be digitized are applied through the
input amplifier to 4 track-and-hold (T/H) amplifier which is
normally operating as a buffer amplifier in the “track” mode,
following all changes in analog input. as they occur. The user of
the CAV-1040 determines the point at which the analog signal is
to be digitized by applying an Encede Command.

The leading edge of the encode command causes the track-and-hold
to switch momentarily to the “hold” mode of operation, “freezing”
the analog input signal long enough to begin the digitizing
process.

In the CAV-1040, Effective Aperture Delay Time is defined as
the interval between the leading edge of the encode command
and that instant when the input signal is equal to the sampled
value. -

Basically, effective aperture delay time is a measure of the dif-
ference between the analog and digital delay (t4-t,) and can
assume a zero, positive, or negative value depending on the
comparative lengths of the two delays. In the CAV-1040, the
analog delay (t,) is greater than the switching delay (tg), and
causes the unit to hold an input voltage which occurred before
the encode command because the track-and-hold sees a delayed
version of the input signal.

Effective aperture delay time is different between the CAV-1040
and the CAV-1040A because the input amplifier of the CAV-1040
adds approximately 10 nanoseconds of analog delay to the signal
path.

The “held” value of analog signal at the output of the T/H is
applied to a 5-bit encoder. It is also applied through a buffer
amplifier to an analog delay circuit, whose time delay is equal to

the interval required for the first step of the digitizing/recon-

struction process. ‘T‘_s /- 70~/ D
After being digitized to 5-bit accuracy, the held value from the
T/H is applied through registers to a 5-bit D/A converter which
has 12-bit accuracy. Via a second set of registers, the same
digital signal is directed to the digital correction logic circuits.
The data stored in these latter registers will eventually represent
Bits 1-5 of the 10-bit digital output of the CAV-1040.

The inverted, reconstructed output of the D/A converter becomes
one input to an operational amplifier, whose other input is the
delayed analog signal from the delay line. At the output of the
wideband, fast-settling op amp, the resulting signal represents
the residue which remains after a 5-bit digital representation of
the analog input has been subtracted from that input.

This residue, or error, signal is encoded by a second converter
and is applied as 6-bit digital information to the digitat correction
logic circuits which contain Bits 1-5.

The correction circuits combine the 5-bit and 6-bit bytes of data
to compensate for possible nonlinearities and other errors to
assure the final 10-bit output of the CAV-1040 is 10-bit
accurate.

Expressed in its simplest terms, the digital correction logic
circuits use the information in the 6-bit signal to determine
what modifications of Bits 1-5 may be necessary. The value of
the MSB in the 6-bit byte establishes whether the 5-bit data are
passed “as is” or whether they are increased by a value of binary
«1”. The remaining bits (2-6) of the 6-bit byte become Bits 6-10
of the CAV-1040 digital output.

Digitally corrected subranging (DCS), the innovative technique
described here, helps compensate for a wide range of potential
errors which could otherwise be avoided only if the CAV-1040
design included expensive, high precision components.

The use of 11 bits to obtain an accurate 10 bits of output cannot
prevent gain error, track/hold droop error, linearity error, offset
error, or any of the other inherent characteristics of “real world”
A/D converters. But DCS can, and does, help nullify their
effects and makes it economically feasible to accomplish high-
speed, high-resolution digitizing of analog signals.

. ONE ENCODE .
PERIOD
MIN=10ns
MAX =70%
ENCODE PERIOD
ENCODE ENC. ENC. ENC. ENC.
COMM. BND CMND. CMND. CMND. CMND.
#1 #2 #3 #4
100ns =5 ! ONE ENCODE
|l i I PERIOD
F?E‘:I;)AV :I_}c—wns:Sns l I ‘ |
DATA DATA DATA
READY #1 READY #2 READY #3
ONE ENCODE
PERIOD
Sns
DIGITAL DATAVALID DATAVALID
OUTPUT {ENCODE CMND. #1} (ENCODE CMND. #2}

—
DATA
CHANGING

Figure 1. CAV-1040 Timing Diagram
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CAV-1040 TIMING

Refer to Figure 1, the CAV-1040 Timing Diagram.

The intervals which are shown represent a continuous update
rate of approximately 15.5MHz, which is considerably below
the maximum capabilities of the CAV-1040, But that frequency
helps to illustrate the “pipeline delay” characteristic of the
converter.

At this word rate, spacing between encode commands is approx-

_imately 65 nanoseconds; and three encode commands have oc-

curred before the data associated with the first command are
valid. In Figure 1, this pipeline delay has a total time of approx-
imately 155 nanoseconds (90ns + 65ns). This interval will be
different at other word rates, but will always include 90ns;
depending upon the update rate, either more or fewer encode
commands may occur before the first data are available.

After téle initial delay, valid data will be available at the word
rate dictated by encode commands. Note that the spacing between
Encode Command #1 and Encode Command #2 is equal to one
encode period. This is the same spacing as between Data Ready
#1 and Data Ready #2, and is also the spacing between the
first and second groups of valid data.

System timing can be adjusted as necessary to take into account
the pipeline delay effects and assure that the data of interest are
strobed out of the converter at the appropriate time.

Figure 1 also illustrates why the trailing edge of the Data Ready
pulse is recommended as the strobe for output data. Typically,
data begin changing with the leading (rising) edge of each Data
Ready pulse; they will be fully settled at the time of the trailing
(falling) edge and available for use in external circuits.

Another possibility for strobing the output data is to use the
DATA READY pulse. Its trailing edge occurs at the same time
as the trailing edge of the DATA READY signal, but is a rising
edge, which may facilitate its use as a strobe.

ANALOG INPUT RANGE OPTIONS
Refer to Figure 2.

The input circuits which are shown apply only to the Model
CAV-1040. The Mode! CAV-1040A does not include OFFSET
and GAIN controls; nor is there a resistor connected to Pin 10
in that unit.

For a 1V range on the CAV-1040, connect the analog input to
Pin 9, and connect Pins 9 and 10 together. The unterminated
input impedance is 250 ohms. For a 2V range, connect the
analog input to Pin 9, and leave Pin 10 disconnected. Unterminated
impedance under these conditions is 500 ohms.

To obtain the desired input impedance for either a 1V range or
a 2V range on the CAV-1040, connect the appropriate external
terminating resistor between the analog input pin(s) and ground,
as shown in Figure 2. Input impedances greater than 100 ohms
will result in loss of input bandwidth and should be avoided.

CAV-1040 INPUT CIRCUIT

2y Rremsa Zee
5011 61.911 (Rrens RESISTORS ARE 1%, 18W, MF) 5001 56.20
50 10752 50 8a.7
8N 15441 3N 11801

1V p-pINFUTOPTION Vp-pINFUTOPTION

Figure 2. CAV-1040Analog Input Range Options
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The differences in the input circuit of the CAV-1040A preclude
an ability to adjust gain and offset on that unit; in addition,
there is no 1V input range available. The 2V input range of the
CAV-1040A, however, can be terminated in the same way as the

2V range of the CAV-1040. 7‘_5,,,0_, O

OFFSET AND GAIN ADJUSTMENTS
The offset and gain of the CAV-1040A are set at the factory and
are not adjustable by the user.

Refer to Figure 3, the CAV-1040 Adjustment Controls.

Figure 3. Offset and Gain Controls

When adjusting offset and gain of the CAV-1040 in the system,
the OFFSET control should be adjusted first. It has sufficient
range to allow the user to operate the CAV-1040 A/D in either
the unipolar or bipolar mode. The adjustment sequence is:

1. Apply to the analog input a precise (£0.25mV) dc level
corresponding to midscale of the desired input range.

2. Adust OFFSET control while observing MSB (Bit 1); adjust
for MSB “toggling” between digital “0” and digital “1”,

3. Apply a precise (+0.25mV) dc level corresponding to the
most negative excursion of the desired input range.

4. Adjust GAIN control while observing LSB (Bit 10); adjust
for output of Bits 1-9 solid “0” with LSB “toggling”.

5. Apply a precise (+0.25mV) dc level corresponding to the
most positive excursion of the desired input range.

6. Check digital output to assure Bits 1-9 are solid “1” with
LSB “toggling”.

7. Adjust OFFSET and GAIN controls alternately as necessary
to obtain analog input range tolerance of +1/2LSB.

ORDERING INFORMATION

For standard CAV-1040 units, order model number CAV-1040-400
or CAV-1040A-400. Standard units are set up at the factory to
operate for optimum performance at word rates from
35-40MHz.

Converters intended to operate generally at word rates below
35MHz have different model numbers. Order by model number
CAV-1040-XXX or CAV-1040A-XXX; in this designation, .
XXX is specified by the customer to indicate the desired optimized
word rate. The decimal place is assumed (but not shown) between
the second and third places. CAV-1040-300, for example, indicates
final calibration and optimum performance at 30MHz, But the
unit will operate over a range of word rates from 500kHz

to 40MHz.

Optimum performance will be achieved within a band of fre-
quencies approximately + 12% around the selected word rate. If
later applications require word rates beyond the limits of the
original optimum frequency, the unit can be returned to the
factory for calibration; there is a nominal charge for this service.
Mating sockets for the CAV-1040 converters are model number
MSB-2 (thru hole) or MSB-3 (closed end). These are individual
solder-type pin sockets for mounting in PC boards; one is required
for each of the 36 pins of the converter.



