‘analog
cialogue

Volume 14, Number 3, 1980

ANALOG
DEVICES




L]

Editor’s Notes gy
TESTING: 1,2,3 ® 4
We tend to eschew flamboy- E '
ant statements and extravagant
claims in these columns, but the
headline of onc of our recent ad-
vertisements made a deep impres-
sion on us: “The Most Powerful
Benchtop Test System in the | _
World.” \

These gutsy words, referring to the LTS-2000 test system and
the LTS-2010, its BASIC-programmable version, have shock
value but are likely to be taken with a grain of salt by today’s
engincers, inured as they are by exposure since childhood to
the hyperbolic claims of advertisers, political candidates, and
other seckers of our immediace attencion to an often less-than-

deserving message.

In this case, after considering the concept, hardware, software,
and future oudook for the LTS-2000, we have found the mes-
sage to be rather close to the mark. What the LTS-2000
provides, in short, starts with the framework of a wniversal
tester: precision sources and measuring circuitry, controls,
computer, memory, and communication facilities for humans
and machines. To this arc added specialized hardware and soft-
ware (for example, family boards, device socketry, and program
disks) to test specific classes of devices, and within those clas-
ses, specific device types.

Thus, the list of devices it is testing today, already impressive,
is but a drop in the bucket when compared to the potential
of these machines. The universal nature of its architecture
means that growth of the capabilities of the LTS-2000 family
is limited principally by the rate at which software and test
peripherals can be developed, and after that, by the growth of
the universe of devices to test.

Because of its potential significance to the broad readership
of Analog Dialogue, we are going well beyond the brief sum-
mary in the last issue. ]n a series of brief articles, you can learn
what it is and what it’s likc to use it, short of actually laying
hands on jt. Described here are the System (page 3), the
Console (page 4), the Software (page 6), thc Family Test
Boards (page 8), and actual op amp and DAC test programs—
created by users in dialogue with the machine (page 14). @

MORE GRIST FOR THE DIALOGUE

The growth of Analog Devices owes much to astrongpenchant
for investing in and encouraging entrepreneurial ventures,
both intramural (c.g., MACSYM) and external (e.g.. Nova
Devices, subsequently Analog Devices Semiconductor). Our
batting average with external ventures has stimulated our
appetite for more, to the point that the critical constraint
has become the availability of minimally dilutive non-debt
capital. As described in more dccail elsewhere,* we have devised
at least a partial solution to the dilemma through the forma-
tion of Analog Devices Enterprises, a mechanism to spread our
wings over a broader range of the exciting new developments
which are occurring in our industry. This means that you, our
readers, can look forward to increasing diversity in the technol-
ogies covered by Analog Dialogue in Future years.
Dan Sheingold
*Analog Devices, inc., 1980 3rd Quarter Report, available upon request,

2 ISSN 0161-3626

© Analog Devices, Inc. 1980

THE AUTHORS

Fred Pouliot (page 3), Director
of Component Test Systems at
Analog Devices, has a BSEE from
Northeastern University and has
done graduate work, while teach-
ing undergraduate courses. He is
a member of both TBIl and HKN.
After several years of design.
ing analog circuits, he became
a marketing specialise, then
served as Marketing Manager for various product lines and,

most recently, as Division Marketing Manager for Measure-
ment and Control Products (MACSYM).

Al Ryan (pages 3, 4, 5), Senior
Staff Engincer for Component
Test Systems, has a BSEE from
the University of Massachuscuts
at Amherse. He joined Analog
Devices six years ago as Test
Engineer for the Semiconductor
Division. He was responsible for
developing the system concepts

and designing much of che
hardware of the LTS-2000 and LTS-2010 test systems,

John Chang (page 4), a Project
Engineer for the CTS Engineer-
ing Group, hasa bachelorate from
Penn State in electronic design
engineering. Previously employed
by Inforex and Raythcon, heis at
present assigned to Systems Pro-
gramming and Systems Hardware
Design. His current projects in-
clude the design of a floating-
point hardware board for LTS testers.

Mike Slocombe (page 6) joined
CTS as System Software Designer
after 5 years in the Analog
Devices Semiconductor tesc-engi-
neering group and a brief stint
at LTX. At ADS, he designed
in-house  test

computer-based
cquipmentand helped implement
testing of many of the mono-
lithic products on commercial
testers. He formerly worked ac Raytheon and has attended
Nottheastern University and the Berklee College of Music.
(More authors on page 18)

analog dialogue

Route 1 Industrial Park, P.O. Box 280, Norwood, Mass. 02062

Published by Analog Devices, Inc., and available at no charge to engi-
neers and scientists who use or think about LC. or discrete analog, con-
version, data handling and display circuits. Correspondence is welcome
and should be addressed to Editor, Analog Dialogue, P.O. Box 280,
Norwood, Massachusetts, U.S.A, 02062, Analog Devices, Inc., has
representatives and sales offices throughout the world. For informa-
tion regarding our products and their applications, you are invited to
use the enclosed Business Reply card, write to the above address, or
phone 617-329-4700, TWX 710-394-6577 or 710-336-0562, Telex
924 491, or cable ANALOG NORWOODMASS,

Analog Dialogue 14-3 1980



¥ rE

1

T

> N\ (

}\ I1 o rm
).:l\f\}}

Jl T a ) -’ 1 ,;’_};."i

COMPUTERIZED TEST SYSTEM FOR LINEAR DEVICES
Easy to Set Up and Use; No Programming Skills Required

Tests Op Amps, A/D and D/A Converters, Regulators, References

For more than fifteen years, Analog Devices has been a leading
manufacturer of high-precision linear circuits. Besides a supe-
rior ability to conceive, design, manufaceure, and market such
products, a key factor in maintaining our leadership has been
the continuing—and growing—capability to create test tech-
niques and equipment. We have attacked and solved many of
the problems that occur in high-speed, high-accuracy testing,
and have even applied our knowledge and experience co cthe
successful automatic trimming of 1Cs on the wafer.

In the LTS-2000, these skills are applied to the solution of a
related problem faced by wusers: how to test precision lincar
products manufactured by ourselves and others. The LTS-
2000 is a flexible, easy-to-use, benchtop test system which
reflects both our testing competence and our successful design
and manufacture of measurement-and-control subsystems.*

Wwith che LTS-2000, you can test virtually any component to
the manufacturer’s own specifications. The growing list in-
cludes DACs, ADCs, and linear amplifiers—including op amps,
voltage and current regulators, voltage comparators, followers,
and similar devices. Future system capabilities are planned to
embrace multipliers, dividers, log amps, CMOS switches, and
a user-configurable universal family board for usc with the
BASIC-programmable LTS-2010 in user-proprictary testing,

Much more powerful than a simple tester, the LTS-2000 can
bc used for basic go/no-go testing, component selection and
grading, enginecring analysis, qualification testing, and as a
diagnostic tool for component evaluation.

[ts power and versatility are easy to command through sophisti-
cated software (sce page 6). With the prepared test program,
the operator just loads the system, inserts the device, and
presses the start test switch. The LTS-2000 does all the resc.
To write your own program is almost as easy, and no program-
ming experience is required: Just fill in che blanks via the key-
pad, in response to prompts displayed on the System Console
(sce page 4), with information from the device data sheec.
When all the test parameters have been entered, the program is
written to the disk and becomes part of your test library. You
can change test parameters, reorder tests, and add ordelete tests
easily and quickly with the system’s full editing capabilicy. T

The LTS-2000 Lincar Test System comprises the Systern Con-
sole, Family Board Assemblies, Socket Assemblics, and Socket
P.C. Boards (sce page 8). The system console includes a 16-bit
microcomputer, a Measurement Section (which provides the
control function and performs the fina) measurements for all
devices), a floppy-disk drive, a 20-column thermal strip printer,
a 40character dotmatrix display, a keypad, and function

*For example, MACSYM 2 and MACSYM 20; data upon request.
t1f you would like a demonstration of the LTS-2000, usc the reply card
to rcquest it. Indicate what kinds of devices you arc interested in testing,
For unlimited flexibility in testing, the LTS-2010, programmable in
BASIC, is availablec.
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by Fred Pouliot and At Ryan

switches, plus ports for RS-232 (2), IEEE-488, and a handler.
The family-board module, providing the special functions
necessary to test a class of devices (e.g., ADCs, DACs, op amps),
is a drawcr-like module chat slides directly into the System
Console. A socket assembly is a plugin modulc which provides
the mechanical interface between the Family Board and
the DUT. Plugged into the Socket Assembly is the socket p.c.
board, which contains a socket and any required associated
circuitry (e.g., for compensation) for a specific device type.

Other available facilities include a software-controlled auto-
matic-handler interface, an integral statistical analysis pack-
age, an NBS-traceable system reference voltage, and test
mcasurement resolutons up to 16 bits. All of this is available
at onc-quarter of the “big-system” price. For example, com-
plete systems that include a family board and everything
necded to test op amps are available for well under $30,000. [:
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VERSATILE SYSTEM CONSOLE FOR ACCURATE MEASURING

Provides Test Voltages, Computation, Display, Self-Calibration
Interfaces with Handlers, Peripherals, IEEE-488, and Human Operators

by Al Ryan and John Chang

The LTS-2000 functions as a microcomputer-controlled stim-
ulus-response system. 1t supplies power and reference voltages
and currencs to the device under test (DUT), provides appro-
priate forcing-function signals and controls co the device, and
then measures its responsc, all under program control. The
mecasutements are converted to digital data, processed, and
then compared to operator-defined test limits, which are used
to grade and classify the devices according to performance.

The LTS-2000 avtomatically calibrates itself every hour—and
whenever commanded to do so by the user. This sclf-calibra-
tion facility, combined with an internal system accuracy to
within 16 bits, enables the LTS-2000 to test ADCs, DACs,
and amplifiers to 12-bit accuracy: in addition, devices can be
tested for resolutions of up to 16 bits. The overall 16-bic mea-
surement accuracy of the system starts wich a temperature-
controlled 10-vole reference. Mcasurements are compared, to
16-bit accuracy, with the output of a software-linearized
reference DAC, using an analytic technique employing criple-
precision operation of the internal 16-bit microcomputer.
The system can be calibrated externally—and traceably to the
National Bureau of Standards—by the usc of an optional inter-
face board and a Hewlett-Packard 3455A 6 1/2-digit multi-
meter, which is controlled via the IEEE488 porrt.

Figure 1 is a block diagram of the System Console. In it can
be seen the 16-bit microcomputer, with 60K of memory, the
92K floppy-disk drive, and the opcrator’s alphanumeric key-
pad and function switches (for responding to prompting mes-
sages appearing on the 40-character display, which also acts as
a moveable window on a 127-character essage). The two
RS-232 interfaces, to external printers and terminals, the
[EEE488 interface to external instrumentation, and the
remote-handler interface can also be scen.

The device under test is plugged into its socket; the socket
p-c. board is plugged into the socket assembly, which in trn
is plugged into the family board module (page 8). The Family
Board interfaces with three kinds of entity: the Source Card,
which provides programmable voltage or current supplies for
the DUT, the Measurement Card, which provides accurate in-
puts to and performs accurate measurcments on the device
under test, and a Digital 1/O Card, which operates relays and
switches for controlling the DUT and monitoring its operation,
and for transmitting digital signals to and from the DUT.

COMPUTER AND DIGITAL FACILITIES

For speed and accuracy, the LTS-2000's computer is a board-
level Texas Instrumenes Model TM990-101M1 16-bit micro-
computer, which contains 4K bytes of memory for program
loading. The CPU’s 16-bit processing power is controlled by a
powerful minicomputer instruction-set, which includes multi-
plication and division instructions. System timing is gencrated
by a four-phase 3MHz crystal-stabilized clock, with a real-cime
facility. Also provided arc 15 priority interrupes for the key-
pad, function switches, floppy-disk drive, and the IEEE-488
interface. The read-write memory is the Texas Instruments
TM990.203-23, with 60K bytes of dynamic RAM; memory
transfers arc in the form of 16-bit parallel data.

The Console Interface Card contains the hardware necessary
1o interface the operacor’s alphanumeric keypad, function
switches, and display to the system elcctronics. This card also
contains the 92K Intel 8271 floppy-disk controller and the
digital interface, which minimizes interference by providing
complete isolation between the processor and che measurement
section while tests are being performed,

The Peripheral Interface Card contains interface circuitry for
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Figure 1. Block diagram of the LTS-2000 test system.
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the IEEE-488 data communication and conrrol funetions, the
remote-handler control, and the system’s buile-in chermal
printer. Qutputs to the handler are via relay closures, and in-
puts from the handler are optically isolated, with threshold
levels programmable from 0 to 20 volts. Software controls
both the timing and the level of signals. The system tempera-
ture alarm is also on this board.

MEASUREMENT SECTION

The Mcasurement Section of the System Console comprises
the Measurement Card, the Source Card, and the Digital 1/O
Card. They provide, respectively, program-controlled mea-
surement functions, voltage sources and references, and the
digita) 1/O drivers and detectors required for performing deviee
tests. The Measurement Scction both controls and performs
che actual quantitative measurements for all types of DUTS.

The Mecasurement Card provides all of the accurate forcing
and measurement functions for the LTS-2000. As Figure 2
shows, the card includes the system rcference, the system volt-
meter circuitry, and a switching network to connect the various
references and device-test outputs to the unity-gain precision
subcractor in differing combinations and polaritics, for direct
and null-type measurements. A programmable-gain buffer
amplificr, with 64 discrete gains, normalizes the 12-bit ADC
input to provide accurate handling of a wide dynamic range
of test outputs, from 12V full scale (6mV LSB) to 9mV
full:scale (4uV LSB). Accuracy is maintained by hourly auto-
matic system calibration and proprictary software-controlled
lincacization of the reference-DAC circuit.

The Source Card supplics program-controlled fixed voltages or
currents to the device under test via the Family Board, There
are two positive 0 to 20V supplies and two negative 0 to 20V
supplies, which provide up to plus and minus 150mA respec-
tively, with 0.1V resolution. In addition, a 10V reference
source can provide up to *10mA with 500uV resolution.
Finally, the source card provides 15V to operate the opera-
tional amplifiers that may be used on a given Family Board.

The Digital 1/0 Card contains the digjtal drivers and detectors
necessary to control the DUT and monitor its operation. It
also transmits serial and/or parallcl digital data to and from the
device under test, as approprate (e.g.. DACs and ADCs). The
Digital 1/O Card has 24 open-collector drivers (which can cach
sink up to 200mA) and 24 detectors, with threshold levels
programmable from 0 to 10V. In addition, this card provides
data-bus signals, 5V power, and digital ground to the Family
Board. 3

SPECIFICATIONS
(typical @ +25°C and 115V, 60Hz operadon)

Accuracy: Overall measurement accuracy to better than
16 bits (0.002%)
Examples of Test Specifications:
Op Amps:
Gain-bandwidth products to 100MHz
Slew rates to 1000V/us
Input bias currents from 10fA

Voltage Regulacors (Fixed, Adjustable, Positive, Negative,
Dual Tracking)
Load Current to 15A Pulse
Load Regulators to 0.01%/Vyy1
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DACs and ADCs:
Accuracy to 12 bits
Resolucion to 16 bits

CPU: T1. TM990-101, 16 bic

Memory: T1, TM990/203, 64Kilobyte RAM

Storage: 5-1/4" floppy disk, 92 Kilobyce capacity

Display: 40-character, dot matrix

Operator Keyboard: 30 alphanumeric keys for data entry
6 fixed funcrion keys

5 programmable function keys with
indicator lights
Strip Printer: 20~column, alphanumeric thermal printer
Power Requirements: Selectable, 115V ac or 230V ac 50/60Hz
250 watts.
Dimensions: 19"WX26"DX 12"H (48X 66X 31cm?)
Weight: 75ib (39kg)
Operating Temperature: +10°C to +40°C
Humidity: Non-condensing
Optional Peripherals
Printer: TI Model 820KSR, 150 char/s, 132 col, 110 to
9600 baud
CRT Terminal: Perkin-Elmer Model 550
12" diagonal screen,

24 lines of 80 characters/line
Eull 128 char ASCII, 110 to 9600 baud
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SYSTEM SOFTWARE DESIGNED FOR UNSKILLED OPERATORS
Self-Generated Prompting, Operation, Display, Printout, Statistics
Tests are Easy to Create, Perform, and Interpret, Using Disk Storage

by Mike Slocombe

The system software is designed so that an unskilled operator
can run the LTS-2000 efficicntly in a short period of time with
a minimum of training. * The key to this casc of usc is a sys-
tem of prompts which are displayed on the System Console.
The operator needs only to read and tespond to the informa-
tion displayed on the console. (S)he is not required to make
any evaluations or judgements or to remember what action
to take when a particular test result occurs. The decision
mechanisms have been built into the software.

As shown below, there are five function switches located
directly beneath the display. When the system requiresinforma-
tion or instructions, it will display up to five choices (prompts),
cach dirccely above a corresponding function switch.

SYSTEM

ik

P I I GO v
FUNCTION SWITCHES
[S0F TWARE CONTROLLED}

OPERATORS
KEYPAD

=
IS
1
\-.T

H+ et rii

PROGRAM STORAGE

The LTS-2000 system software includes an Operating System
disk. a Create disk, a Family Test disk, and blank discs for
storing specific device test programs.

The operating system disk is used to initialize the LTS-2000.
When the system is first turned on, it will instruct the opera-
tor to inscrt the Operating System disk into the disk drive.

The create disk contains the fill-in-the-blanks test menu for a
particular class of devices. For example, there are individual
Create disks for dfa converters, op amps, ete.

Once a program has been written using the Create disk, it can
then be written to a formatted blank disk and thus becomes a
permanent part of the user’s test-program library.

The family test disk is used to sct up the LTS-2000 to test
a particular class of devices, e.g.. DACs, op amps, ecc. When
devices are to be tested, the operator firsc loads the Operat-
ing System, then the Family Test program, and finally the
appropriate device-test disk, on which the user-created program
has been stored.

TESTING DEVICES

Setup for a typical day’s operation takes just 2 few minutes.
Firse, the user plugs in the appropriate Family Board, Socket
Assembly, Socket P.C. Board, and turns the LTS-2000 on. The
system will automatically perform a memory check and request
that the Operating System be loaded (if therc is an anomalous

«Unlimited flexibility in testing is available for the more-sophisticated
in the BASIC-programmable LTS-2010.

6

et

situation in Memory, its location will be displayed). After
the operating system has been loaded, the LTS-2000 auto-
matically completes its sclf-calibration routine (and does so
every hour thereafter, and upon request). Again, if chere is a
malfunction that does not permit calibration to be completed,
the Jocation will be displayed. The Family Tesc program and
the prepared test program for the specific device are then
loaded, and the LTS-2000 is ready for cesting.

To begin testing, the vscr inserts the device into the socket
and presses the Start Test switch. When the tests arc completed,
if the device has passed them all, the display indicates:

[ PASS, BIN 1 |

or a similar message, and an audible tone is sounded. The user

removes the device, places it in the appropriate bin, and inserts
the next device.

\f a device has failled somc tests, the display may indicate:

I FAIL, BIN 3 ]

and a different audible tone is sounded. The device is removed
and placed in Bin 3. The procedure is repeatcd for cach device.

At the end of the test lot or group, press the DISPLAY key
and the system will display the following prompts:

IBLOG SETUP STAT YIELD DEBUG

) & ® EE

If a summary of the yields is desired, press Function Swicch
F4, dirccdy below the YIELD option, and two prompts will
be displayed:

| PRINT _CLEAR
[F1] [F2] [#3] [Fi] (&8

[f F1 is depressed, the L'TS-2000's strip printer will record 2
summary of the test data. 1f F2 is pressed, the yicld counters
will be cleared and another test run may be initiated.

As the prompts indicate, the LTS-2000 also provides other for-
macs for data outputs, including data logs (DLOG) and statis-
tical analysis (STAT). Other output devices are optionally
available, including external printers and terminals. To select
thé desired format, the user presscs the DISPLAY switch and
then presses the appropriate Function Switch directly beneath
the displayed choice.

Data log (DLOG) records the results of individual tests in the
program and is often useful in isolating the reason a device
failed. There is complete flexibility in selecting the devices
and tests to be data-logged, and as to which output means
is used,

Analog Dialogue 14-3 1980



Statistical analysis (STAT) makes it possible for the user to
collect data on certain tests and to display that data in cumula-
tive, histogram, andfor graphical form. STAT is particularly
useful in characterizing new devices and detecting trends in
familiar devices.

Summary sheet (YIELD) provides a convenicnt way of deter-
mining how well a group of devices fared in testing. It includes
such information as test program name, date and time, number
of devices tested, number (and %) of devices in cach classi-
fication (“Bin”), number of times each test was failed (and %
to total number of devices tested).

CREATING TEST PROGRAMS

New device test programs can be created in minutes with the
Create program disks and the devicc manufacturer’s data sheet
or a specification-control drawing. The clear, easy-to-follow
prompts displayed on the System Console guide the operator
through the complete menu of these fill-in-the-blanks programs.
The number of tests and the order in which they can be per-
formed can be sclected to establish a test program tailored to
suit a specific need or application. This is a typical procedure:

Turn the LTS-2000 on and load the Operating System. When
the system indicaces

READY |

remove the Operating System disk, insert the Create program
disk for the type of device to be tested, and press Function
Switch F5. A message will appear. For example,

DAC CREATE PROGRAM LOADED J

will be displayed; it indicates, in this case, that the digital-
to-analog converter Create program is loaded. Press the Start
Test switch (dirccdy bencath the five Function Switches),
and the LTS-2000 will request a program name; it is entercd
via the alphanumeric keypad (c.g., DAC 80-CBI-V), The system
will then prompt:

| RECALL _STORE _CREATE _DELETE EDIT |

D=
Press Function Switch F3, directly under the word CREATE;

by displaying the first of a series of prompts, the system starts
to configure the LTS-2000 for the type of device to be tested.

For example, if the LTS-2000 is to be configured for testing a
specific digital-to-analog converter type, the following is a
partial listing of the prompts that will appear. The user re-
sponds by an entry from the alphanumcric keypad.

NUMBER OF BITS? 2 (cdrriage fefum)
POS OR NEG TRUE LOGIC (P/N} > N
CODE TYPE? BIN (carrigge rctum)
SERIAL OR PARALLEL DATA (S/P)* P

ANY LOGIC OUTPUTS? (Y/IN] N
DEVICE WARMUP TIME (S) J0

When all of the prompts thac configure the system have been
answered, the system displays another set of prompts for
defining the test options. Each test can be selected or elimi-
nated by typing Y (ycs) or N (no). This is a partial list of the
tese options for the DAC test program:

TEST: UNIPOLAR ZERO (Y/N) 2 N
TEST: FULL SCALE (Y/N) ? N
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TEST:  REFERENCE VOLTAGE (Y/N) 2 N

TEST. BIPOLAR ZERO (YIN) ? N
TEST: BIPOLAR ¥ FULL SCALE [Y/N)? N
TEST: BIPOLAR - FULL SCALE {Y/Nj? N

TEST: VSA SUPPLY CURRENT [Y/N}? N

TEST: LOGIC | BIT CURRENT (Y/N)? N
TEST: LOGIC 0 BIT CURRENT (Y/N) * N

TEST: VSA SUIPLY REJECTION [Y/N) ' N
TEST: VSR SUPPLY REJECTION (Y/N) N
TEST:  VSCSUPPLY REJECTION (Y/N)? N
TEST:  VSPD SUPPLY REJECTION (Y/N} ? N

If Y is the response for any test, a scries of prompts is displayed,
one at a time, defining the hardware for that test.

For example, if the response to the first question is Y,

TEST: UNIPOLAR ZERO (Y/IN) 2 ¥
(TEST #1) CHANGE SOURCE VOLTAGES{Y/N) ? N
CONNECUT 1K LOAD (Y/N) * N
CHANGE RELAY DRIVE CODE (Y/N) > N
INPUT LOGIC ARRAY (Y/N] ! N
REPEAT HARDWARE QUESTIONS (Y/N) ?

When the test list is completed, the LTS-2000 prompts

END OF PROGRAM (Y/N} ?
1f the response is N, the entire test list is repeated, and the
test conditions can be changed. Tests can be added to the
end of the program, inscrted anywhere in the program, deleted,
or modified using the EDIT program. If the response is Y, the
system displays:

IRECAI.L STEE CR&TE Dlﬁrﬁ TESTI
F] (2

The program can be saved on a disk having enough capacity.
If it is to be saved on a blank disk, the Create disk is removed,
a blank formatted disk is inserted, and Function Switch F2 is
pressed. The disk, which can hold as many as 32 test programs,
can then become part of a permanent test-program library,
Some typical test programs can be found on pages 14-16.

AMPLIFIER TESTING

The Op Amp Create program is used in much the same way as
the DAC Create program. After thc Op Amp Create program is
loaded and Function Switch F3 undet the CREATE prompt is
pressed, the following serics of prompts is displayed to aid in
configuring the LTS-2000 for testing op amps:

PROGRAM NAME: (... TEST AD791K carmisge rcium)
NUMBER OF SECTIONS [). 2, 3ord)2 ¢/

Vg4 {INITIAL) VOLTS? + 15 (carriage retum|

V- (INITIAL) VOLTS? = 15 (cdrriqge rctum )

DEVICE WARMUP TIMES(S) $

NUMSER OF STROBES/MEAS?

After these questions have been answered, the next series to
be displayed defines the test options. As in the case of DACs,
each test can be selected or eliminated by the response Y (yes)
or N (no). Up to 40 tests arc available in the op-amp create-
a-test program, and they include supply current, offset voltage
and current, bias currents, gain, common-mode and power-sup-
ply rejection, bandwidth, slew rate, channel separacion, output
range and short-circuit current, and balance range, for a variety
of supply voltages, 1oad resistances, ctc.

Like DAC-testing programs, amplifier programs can be transfer-
red to disk for permanent retention; they can also be debugged
(in Debug, the operator can stop the program at a predeter-
mined point, leaving the system set up as programmed—a useful
function when determining why a device is not being tested
as planned and where the problem lies). An amplifier program
can be seen in pages 14-16. O



LTS-2000 Linear Test System

SOFTWARE-CONFIGURED FAMILY BOARDS SPEED TESTING
Interchangeable Boards Test Op Amps, DACs, ADCs, etc.

by Gary Sheehan, Jan Johnson, and Tim Wilhelm

The primary control functions and the final measurements
common to all types or classes of devices are to be foundin che
System Console. The family board modules provide stimuli,
gains, and special functions needed to exercise and test a partic-
ular group orclass of linear devices. Typical families represented
by family boards include operational amplifiers, digital-to-
analog converters, and analog-to-digital converters. These
drawer-like modules slide directly into cthe System Cansole at
bottom front.

DAC FAMILY BOARD MODULE

The DAC Family Board Module performs all functions neces-
sary to test DACs of up to 16-bit resoludon. Tt will test voltage-
output or current-switching DACs, DACs with or without buf-
fer registers, and serial-input or parallel DACs,

To test a 12-bit DAC for accuracy to within 1/2 least-signifj-
cant bit requires a measurement capable of resolving errors of
the order of 0.01%. This in turn calls for comparisons to con-
siderably greater accuracy. The LTS-2000 performs these mea-
surements by comparing the output of the device under test
and a 16-bit-accurate reference DAC. The inevitable errors
introduced by offscts and scale factors in the Family Board are
compensated for by software; the reading that is calculated
and datlogged automatically takes all of the above factors
into account.

The DAC Family Board Module allows both voltage- and cur-
rent-output DACs to be tested. If a current-output DAC with-
out internal span resistors is tested, the LTS-2000's current-to-
voltage converter (Figure 1) converts and scales full-scale out-
put to avoltage at the 10V level; this permits the measurements
to be normalized. Full-scale output of voltage-output DACs,
with the various choices of internal span resistors, is similarly
normalized, using a voltage amplifier.

p =

DIGITAL
DRIVERS

16.B1T
ACCURATE
REF DAC

Figure 1. DAC family board functional block diagram.

The normalized 10-V signals are compared to the 16-bit accu-
rate reference DAC in an error amplifier, and the amplified
error signal is read by the system's voltmeter. Devices which
require an external reference are provided with a 16-bit-
accurate reference voltage of the proper polarity (see also
Figure 2, page 5) for the test,

DAC MEASUREMENTS

Offset in a unipolar DAC is measured with all device bits
off. The measurements of the device under test (DUT) are
compared on the DAC Family Board with those of the theo-
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retical device. The error signal is amplified and read by the sys-
tem voltmeter. In bipolar DACs, with offset binary or 2s com-
plement coding, offset can be measured both at the all-bits-off
(-VREF) point and at bipojar zero.

Gain. To measure gain, all device bits are turned on, and the
output of the device is measured. The offset measurement is
subtracted from this reading to obtain full-scale span, and the
LTS-2000 calculates the deviation from ideal full scale. The
system also calculates the value of the leastsignificant bit
(LSB) for correction of gain and comparisons of step size in
lincarity testing.

Nonlinearity or Relative Accuracy. Rather than exercisc every
possible code—a costly and time-consuming process—the LTS-
2000 performs three kinds of test to characterize the most
common manifestations of error: bit errors, summation errors,
and carry errors. After calibrating the end points (offset and
gain), and storing the span measurement and deriving the value
of the LSB (Span/(2"-1)), the LTS-2000 exercises each bit in
turn, starting with the MSB, by turning it on, with all other
bits off. The output with thc MSB on is compared with 2(n-1)
LSB, the output for Bit 2 is compared with 2(n-2) ) SB, etc.,
for all n bits, and the resulting errors are recorded, in fractions
of 1 LSB (e.g., 0.8). These arc the bit errors, and they are
measured in response to one of the program steps. [f any
bit error is greater than the programmed limit (chosen by the
user), the test is failed. Magnitudes and polaritics of these
errors are recorded.

Another test is for summation erors. All bit values having
positive errors are summed, all bit values with negative errors
are summed, and the sums are compared against preset limits.®
The LTS-2000 can perform the test in two ways: by simply
summing the bic errors mathematically, and/or by allowing the
DUT to perform the summation when all the positive-error or
negative-error bits are applied, and comparing the output with
the expected value of output, based on the aceurately known
LSB. The latter method can find integral nonlinearities due to
the departure from linear superposition in the DUT at those
codes. Table 1 shows an example of this technique.

The third test is for carry errors, which are a measure of
differential nonlinearity, since the largest differential non-
linearities tend to occur at carries. When a given bit is zero,
followed by all ones (e.g., for Bit 3, 000111111111}, and che
code is switched o the next step: one followed by all zeros
(001000000000), the difference between the output values
represented by the two codes should be exactly 1 LSB. Any
departure from 1 LSB is a carry error. The technique used by
the LTS-2000 to measure carry errors is to null out one of the
two adjacent values, measure the difference (actual size of the

*The codes at which these individual sums occur have the largese errors.
For any other ¢ode, crrors of the opposite polarity will be summed and
reducc the overall ecror.
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step), and compare it with the accurately known LSB. Carry
ercor is mcasured for all bies (e.g., from 0111...11-10-1000
.. .00 down to 000. . .00-t0-000. . .01).

TABLE 1. EXAMPLE OF DAC SUMMATION ERROR.

Suppose that the measured bit errors are as follows (units of 1 LSB)

Bit 1 (MSB) -0.27
Bir 2 +0.23
Bit 3 -0.03
Bit 4 +0.15
Bit 5 +0.08
Bit 6 through 12 0.00

The sum of the positive errors is +0.46, occurring 2t 0101 TXXXXXXX (X = 1 or 0).
The sum of the negadve crrors is -0.30. occurring at J0100XXXXXXX. At any
other code, the crror will be less; for example, it is +0.16 2t 11 TLIXXXXXXX. If
the errors are summed algebraically, as above, the summation errors will be less
¢han 0.5 LSB. However. if the codes 0101 1XXXXXXX and 10100XXXXXXX are
actually applied to the DAC and the errors at those codes are measured. it is likely
¢hat the actual summation will differ from che zlgebraic summation ercor. For
example, one might measure ervors of +0.52 and -0.27 at chose codes. 2 cause for
rejection at the 1/2 LSB accuracy level.

Power-Supply Rejection. Power-supply rejection is measured
by the ratio of a change in device output to full scale in responsc
to a change in the powersupply voltage. Testing for this
parameter is performed by digitally changing che appropriate
supply voltage(s), measuring the output voltage change, calcu-
lateing che ratio, and displaying i¢ in either per cent or ppm of
full scale per volt of change. Four digitally controlled 0 to 20V
device power supplies, two positive (VSA and VSB) and two
negative (VSC and VSD), are available for these tests.

Logic Bit Cuments. The logic bit-currents are measured for
both 1 and O inputs. For these measurements, the logic bit
currents flow through resistors of known value on the DAC
family board. The voltage developed across a resistor is buffered
by a data amplifier and measured by the system voltmeter, and
the current is computed by Ohm’s law. The data is displayed
in microamperes.

Device Supply Currents. Supply currents of the device, from
each supply used, are measured in the same way as the bit
currents, with all bits on (for worstcase measurement). The
results are displayed in milliamperes.

Table 2 provides a summary of the salient characteristics of

TABLE 2. DAC FAMILY BOARD MODULE—
CHARACTERISTICS.

Device charactenistics

Volrage-output DACs
Curtent-output DACs
Internal or external reference

1V o 100V F S.
1mA ro 10mA F.S.
%10V range

Internal or furnished span resistors 1.2, 5. 10k furnished
Unipolar or bipelar output
coding—positive or negative true

Mating socket-assembly module
10 Test points

Binary. Offsec binary. 2s complement®

+ and -15V (for auxiliary op amps)
Analog ground, ground sense.
Reference DAC outpur
Inserumentation amplifier outpue
Buffer outpue, Device sutput voltage
Bitcufrent-measurement outpt
Logic threshold outpuc

1%$2 available on board o1 connccred
by user at socket adapter board
Force and sense connection to
compensace for voleage draps

Loads for cucrent-ouvtput DACs
System 10V reference

Digital connections

Digital driver bits (DDB), 16 available  Drive DUT logic inputs
0 to +20V, positive true, 13092,
0to ImA
Drive for external relays or logic
0 1o +20V. negative true, 1082
Open collector. sink up to 200mA
O to +20V. positive truc
Theeshold accuracy 20.05V

Digital contcol bits (DCB). 8 available

Digital readback bits (DRB)

= BCD avaitable soon
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the LTS-2300 D/A Converter Family Board Module. With
currently available software, it is capable of testing the vast
majority of DAC types; and the software library is continually
expanding to extend its repertoire of types and tests.

OP-AMP FAMILY BOARD MODULE

With the Operational Amplifier Family Board Module, the
LTS-2000 is capable of performing both static and dynamic
tests, including offset voltage and eurrent, bias current, trim
range, common-mode and power-supply rejection, output
swing and short-circuit current, open-loop gain, slewing rate,
gain-bandwidth product, and channel separation (in multi-
amplifier devices).

The family board provides the software-configured test circuit-
ry; the basic circuic is shown in Figure 2. In it can be seen all
the elemencs thac arc used in performing the various tests we
shall describe. The key to performance of the tests is the servo
loop employing a high-gain integrator with very low offsct.
Since it is the basic control element in the loop (the *“‘real
op amp”), the parameters of the device under test (DUT) can
be explored in what amounts to open-loop operation. Here’s
how the system works:

5041
Ve o—ann—e——| ——
100k e
Ve
Rs OSCILLATION
DETECTOR
SYSTEM
| b—0 DVM
£
BRs N/
>
ol e s >
S R
Vie 40 ALARM

CIRCUIT

PROGRAMMABLE
LEVEL

Figure 2. Basic op-amp test circuit.

In the steady-stace condition, no currenc can flow through the
integrating capacitor (otherwise the output of Al would
change). Therefore, the currents through the 100k2 and 500kS2
resistors are equal and opposite, and the output of the DUT is
forced to be equal to -5Vg, irrespective of the inputs of or
components connected to the DUT. The input to the DUT is
forced by Al and the input circuitry to whatever value of in-
put will produce the required output established by V.

For example, if V¢ = 0, the output of the DUT is zero; hence

the inpuc to the DUT must be equal to the offset voltage, if

the switches across resistors RS are closed to minimize the

effect of bias current. Since the inputto the DUT is established .
by A1's output and the resistive divider, Rg and 508, the out-

put of Al must come to rest at an amplified version of the off-

set voltage, ie., (1 + Rp/5082)Vps. This output is measured

by the system DVM, scaled by software, and recorded.

As Figure 2 shows, provisions are included for the user to con-
nect loads to the DUT’s output terminals, for ac input signals
and adjustable supply voltages, as well as for detecting oscilla-
tion at the DUT output or an open-loop condition that leads
to saturation of the integrator output.

OPERATIONAL AMPLIFIER TESTING

Amplifiers are tested by switching appropriate circuit elements
in or out, adjusting circuit parameter values, and making suit-
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able measurements. In the diagrams associated with the tests,
the circuits will be presented in “bare-bones"” fashion, with
just the elements necded for the test shown. 1t is worthwhile
to keep in mind. though, that cach such circuit is a variation
of the circuit of Figure 2.

Input Offset Voltuge. The input offsct voleage, Vos, defined
as the voltage required in scries with the input to drive the
output to zero, is measured in the manner discussed in the
example above (Figure 3).

501} Vg = 0V

100k Ce

Re
Eo'(“so::)v‘”

Eg

G > nd Vos * —q
R ] 42
e? L . ' 5042

Figure 3. Measuring offset voltage.

Input Bias Current. Input bjas current is defined as the current
rcquired at either input from an infinite source impedance to
drive the output to zero. As Figure 4 shows, input bias current
is measured by forcing the bias current to flow through an
appropriatcly large resistor, Rg. When Vg is scc to zcro, the
output of A1 must be whatever voltage is required to bring the
output of the DUT to zero, in this casc, (]*,J'RS +Vos)(1 +Rg/

5012 Ve - OV

100k cci
p p—0 Eo
Rs >>> 6001 7,
5011 ,1
e .’n"
e? Iy Rs + Vos i o~ (1 " E%l) Vgs * 1y Rs)
Ep
+ 1+ Rg/BO0 - Vog
W ————
4a. Bias current at plus input.
5012 Ve = OV
100k Ce
Ry > 5001
b b0 Ep
\/
5041 B

. Re |
£ (| 5‘0?) {Vos - I5 Rs)

VA~ Apd
e; Vos - s As Re

o
e
T+ Re /500 | 0%

Iy = A3

4b. Bias current at minus input.

Figure 4. Measuring bias current.
50Q) for the plus (noninverting) input or (-l Rs + Vpg)
(1 + RE/5082) for the minus (inverting) input. The outpuc is
measured, scaled, and the previously measured Vpg is sub-
tracted out, giving the voltage deop across Rg. The computer
performs the division, records the correct value of ptorly-,
and makes any necessary comparison to accept or reject
the device.

Input offset current. Input offsec current, log, is defined as
the difference becween the two bias currents at the input,
when the output of the DUT is at a null, It js mcasured by
leaving both Rg resistances in the circuic and thus measuring
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the difference between the voltages developed by the bias cur-
rents as the flow through the resistances, The computacion is
identical to that for bias currenc (Figure 5).

5011 Ve = OV

Ce
. p—OEo
In
st:«so.ﬂ.f W,
5002 o
AAA V' . "';; =
. # f £
05 * e Ns-lpHs EO"("ml)wos";"s'lbﬁsl
Eg
... TeRpmon VoS
Ig ~lp =

Figure 5. Measuring offset current.

Input offset voltage trim range. This test verifies that, with the
recommended trim circuic, the amplifier can be zeroed. The
appropriate value of resistance to simulate the trim potentio-
meter is connected between the trim terminals (Figure 6), and
relays conncct onc or the other of the trim terminals to che
specificd supply, while the amplifier is connected in the Vog
test configuration. 1f the output of Al changes polarity (in-
dicating that some intermediate pot scteing is capable of zero-
ing the amplificr), the DUT passes.

v+ OR
S00  y-

§ ¢

Eg = (.1‘%)"’05

Figure 6. Testing for adequate offset trim range.
Slew(ing) Rate. Slewing rate (usually volts per microsccond)
may be defincd as che limiting race of change of output voltage
in response to a Jarge input step change. Figure 7 shows a sim-
plificd test circuit, and the associated waveforms, for measure-
ment of slewing rate. The measurement technique is basically
straightforward: to mcasure the time required for the voltage
1o pass becween a lower and an upper threshold, and compute
the ratio of AV to At

WY e
9

CPUCONTROLLED
¢ THRESHOLD

DUTY CYELE | 4
T W
converten | OV

DUt OUT

Ty i
! 1
i [
m
[N IRt
[ (N} 1l COMPARATOR » 11 LEVEL
i I
1 i I
1
1 - |
1 1 1

NAND GATE

Figure 7. Testing open-loop slew rate of DUT. NAND-gate
waveforms are for positive-going swing, NOR-gate waveforms
{not shown) for negative swing.

The step is applied as a square wave (A), derived from a crystal-
controlled clock. A choice among 16 binary frequencies per-
mits selection of optimum ranges of duty cycle during test for
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particular DUT typcs. The device under test tries to follow the
step change but cannot do so immediately (B). As the oatput
rises, it crosses the lower threshold valee (T1) and causes a
comparator transition to oceur (C). The comparator output is
NAND-ed with the clock pulse to produce a waveform (D) wich
duty cycle (% of time high) a function of T1. The duty cycle
is measured as an average dc level over a large number of
clock cyles.

The threshold is then changed to T2, and the waveforms cor-
responding to C and D become E and F. Again the duty cycle
is measured. Since the difference of the duty cyeles is propor-
tional to the time in flight from T1 to T2, the computer
determines the slew rate by dividing the difference betwecn
the threshold levels, T, - Ty, by the differcnee between che
duty cycles, with appropriate scaling for frequency. The NOR
gate is used instead of the NAND gate when mcasuring the
descending slew rate.

Gain-Bandwidth Product. Gain-bandwidch produce is dcfined
as the frequency at which the open-loop gain would become
unity (0dB), if the amplifier had a single-pole rolloff (i.e.,
-20dB/decade gain slope). Figure 8 shows the circuit used for
the measurement.

1uF
5042 Ve = av J_| (_I
o—A—e——{(——
100k, Ce

kil

10kHz AC QUTPUT
PROGRAMMABLE @0V AVERAGE
LEVEL V- DC LEVEL \/

5052 -

o

‘I;M, R GBW = G|yoans ¥ 10kHz
Vo

w —= ¥ 10kHz
Vin

Vin

GAIN — dB

i=4
[
w=

1k 10k 100k TM 10M
FREQUENCY — Hz (LOG SCALE)

Figure 8. Measuring gain-bandwidth product.

The test loop is closed through integrator Al (using a large
value of feedback capacitance), in order to keep the DUT out-
put at zero dclevel. Since the integrator has negligible through-
put at high frequencies, the DUT is effectively in an open-loop
condition for the high-frequency test signal. The output of a
10kHz ac signal source with programmable amplicude is ap-
plied at the + input, via 2 1k§2-50Q divider, and the output
amplitude of the DUT is mcasured; from this measurement,
the open-loop gain at 10kHz can be computed and multiplied
by 10kHz to compute the gain-bandwidth product.

Common-Mode Rejection Ratio. Common-mode rejection

vedr2v
501t ov

Figure 9. Measuring common-mode rejection.
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ratio (CMRR) is defined as the ratio of a change in common-
mode voltage to the change in Vpg that results. It can be ex-
pressed logarithmically in dB: CMR = 20 logeo (CMRR). To
test for CMRR, the LTS-2000 raises all sources above thcir
nominal values by the value of the common-mode voltage.
then lowers them below nominal by che same amount. This
mcthod avoids the use of the preciscly matched resistors that
are required in a commonly employed technique. Figure 9
shows how the scheme works.

To apply a comman-mode vultage of +10V, V4 is changed
from +15V to +5V, V- is changed from -15V to -25V, and
V¢ is changed from 0 to +2V, so that the DUT output changes
from OV to -10V. Thus, common {“ground") is lefc high-and-
dry at +10V with respect to the volrages appearing at the other
terminals of the device, The value of Vg under chese condi-
tions is measured and stored,

Next, the voltage supplics are set to their nominal values, and
V¢ is set to zero. Vg is again measured and compared to the
previous value. If this 10V common-mode change produces a
0.002V change of Vgg, the CMRR is 5000, and CMR is 74dB.
For negative CMV swings, the supplies are raised by 10V and
-2V is applicd at V¢. The resistances labeled “Rg™ are used
when source resistance or source unbalanece is specified.

Power-Supply Rejection Ratio. Power-supply rejection ratio
(PSRR) is dcfined as the ratio of a specified change of power-
supply voltage to the resulting change in Vg, To mcasure
PSRR, the LTS-2000 mcasures and records the value of Vpg
with normal power-supply levels. The supply voleages are then
changed by the specified amount and polarity, and the resulting
value of Vg isrecorded. The ratio of AVqg to the programmed
power-supply change is the inverse of the PSRR (uV/V). In
the LTS-2010, the logarithm may be computed to provide
PSR in dB.

CURRENT Ve -Vs

SENSING IsuppLy =

VroRCE VSENSE
o O

501!

£

Ve = OV

5082 E O VroRcE

Figure 10, Measuring power-supply currents.

Power-Supply Currents. Power-supply currents arc defined as
the currents drawn by the DUT from V+ and V-. To measure
the current drain, the DUT is connected in a feedback loap
(Figure 10), and resistors in series with the supplics provide
voltage drops for measuring the currents. Because the output
of the DUT is at zero, and a current load is not connceted, the
load current is essentially zero. The voltage drops are measured
and scaled to compute curtent. '

Output Voltuge Swing. Output swing is defined as the maxi-
mum voltage available at the device output with a given load.
Figure 11 shows how output swing is measured. The oucput is
programmed to swing to a large value of voltage (theoretically
-50V, for V¢ = +10V). The amplifier will swing co saturation
at the lowest negative voltage of which it is capable. Similarly,
for Vo = -10V, the amplificr will swing to positive saturacion.
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5082 Vg = Vs
;M’v— O &_
Vo 100k Ce
V+ {SATURATED

OOUTPUT)

5082 R ‘1
5«/\1\—& ’I;i'r'

Figure 11. Output voltage swing.

The device output is measured. In the case shown, the load is
a user-furnished resistor.

Output Short-Circuit Current. Output short-circuic current
(Isc) is defined as an output current limit which will not be
exceeded if the output is short-circuited or otherwise over-
loaded. As Figure 12 shows, the DUT is connected in a feed-
back loop with its output connected to a user-specified volt-
age, VSENSE (6.2, OV). The amplifier will seek to drive the
short-circuit to the voltage programmed by Ve—unsuccessfully.
1ts output current is measured by the system (Isc = (VFORCE-

Vsense )/R)-

5002 Ve = Vs 100k
VFORCE Vssuae Cc
)

CURRENT
SENSING

VE - Vi
needeVe

— s
5 m

Figure 12. Measuring short-circuit current.

Open-Loop DC Gain. Open-loop gain is defined as the ratio of
a change in ouctputvoltage to the input voltage change required
to produce it. To test for open loop gain (Figure 13) for an
output swing from -10V to +10V with a programmed value of
load, the power supplies are set to the nominal values. Then
Ve is set to -2V, resulting in an output of +10V; the oucput
of the integrator, which is (1 + Rg/5082) times the change in

5082

p—O Eo

5082
Vos / RE \
EO =|1+ m V[N
AVT
GAIN i
_Bave (1+ Re )
AEo BT

Figure 13. Measuring open-loop gain.
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input voltage, is measured and recorded. V¢ is set to +2V,
driving the DUT output to -10V; the integrator output is again
measured and recorded. The difference between che two valaes
of amplifier input is computed and divided into cthe 20V out-
put change to compute the gain.

Channel Separation. Channel-separation ratio (in multi-ampli-
fier chips) is the ratio of change in the output voltage of a
driven channel to the resulting change in effective input voltage
of another channel. To measure channel separation in a dual
op amp (Figure 14), one of the units (amplifier B here) is con-
figured in a standard feedback test loop and driven with an ac
sine wave at the level required to swing the output 10V peak-
to-peak. Op amp A is configured as a unity-gain follower wich
the input grounded. The ac output of op-amp A is measured.
The ratio of the output amplitudes of A and B is a measure of
the channel separation.

CSR = 20 log,0 [&f]

Voa

.

-
|
|
: ;
I | Ve=0

| | o—Ar—9——] —
|

|

5082
100k

d

iy I 500k !
| Vos
Vac ] |
509 I.._. — — ———— v
oy

Figure 14, Measuring channel separation in a dual op amp.

Table 3 is a summary of the tests performed by the LTS-2000,
using the op-amp family board, and their typical aceuracies.

TABLE 3. OP-AMP TEST SPECIFICATIONS
{Typical at 25°C and 115V 60Hz linc)

DC PARAMETERS

Input offset voltage 10pV 1o 500mV *(0.2% +10uV)

Input bias current 10nA co S00uA 2(0.3% + 1nA)
(Note 1) 10A ¢o InA 2(2% + 5(A)

Input offsct current InA to SO0KA 2(0.4% + 2nA)
{Note 1) 10€A to 1nA (3% + 10fA)

Supply correne, V+, V- 100UA to SOmA £{0.2% + 10uA)

Output short-circuit current 100pA to S0mA $(0.2% + 10pA)

10 10 1 X 1064V
0.1V/V 0 MuV/V

Open-loop gain
Power-supply rejection

Common-mode rejection 20dB o 120dB
Ouput voltage swing 100mV 10 50V
Offset-voleage adjustmentrange  Pass/Fail

Channel separation 40dB to 120dB

AC PARAMETERS
Gain-bandwidth product {Note 2)
Slewing rate
Channel separation

OPERATING CONDITIONS
v+ supply
V- supply
Lnput resistors
Input capacitor
DUT output load impedance

100kHz to 100MHz
0.01V/us to 1000V /us
404dB co 120dB

0 to 50V (50mA max)

0 to -50V (~-50mA max)
5082, 1k, 10kS2, 100kS2
0.001uF

User-supplied

Notes:

£{0.25% + 0.1dB)
£(0,25% + 0.1dB)
2(0,25% + 0.13B)
$(0.4% + JmV)
£(0.2% + 10uV)
£(5% + 0.1dB)

2(10% + 10kHz)

© $(10%+ 0.0014s)

(5% +0.1dB)

20.2V
£0.2V
20,1%
21%

1. Requires Teflon socket, low-leakage rclays, high source impedance
2, Assumption: device under test has 20dBfdecade linear rolloff
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SOCKET ASSEMBLIES

Socket Assemblies are plugin modules consisting of a Socket,
a Socket Printed-Circuit Card, and an Assembly Housing. The
Socket Assembly provides a mechanical interface between the
Family Board Module and the device being tested. Besides per-
forming the primary function of matching the pinout and
physical arrangemenc of leads on the device to the connections
of the Family Board Module, the Socket Assembly may also
be wired with accessory items, such as relays or LED/switches,
to aid the operator in special applications. Socket Assemblies
are provided to go with each of the Family-Board Module
types; they are currently available for op amps, dfa converters,
and a/d converters.

AUTOMATIC HANDLER APPLICATIONS

When the LTS-2000 is used with an automatic component
handler, the Family Board is located remotely on the bandler
unit instead of in the system console. The conncctions be-
tween the Family Board and the Console are made via an
Automatic Handler Module, which is plugged into the Family-
Board Slot. The analog connections are made via a carefully
shielded cable, for minimum interference; current<arrying
leads which must transmit accurately determined voltages use
remote sensing. All digital connections are opto-isolated, and
power for remote digital functions is provided by a dec-to-de
converter, so thac there are no galvanic conncctions between
the Console and the remote test system's digital circuicry.

In addition to the functons normally provided via the Family
Board Module, a special Remote Handler Interface at the back
of the Console provides for communication with the handler.
Fourteen functions are provided, including Starc-Test Inpute,
Retest Input, Test-in-Process, End-of-Test, Retest Output,
8 Sorts, and Handler Ground. The inputs and outputs are
under program conwol; they can be either positive or negative
true, and either pulses or levels. Timing between signals and de-
bouncing are also under software control, to allow the LTS-
2000 cto interface with the majority of presently available hand-
lers with medifications only to software, instead of hardware.

The eight Sort signals can be programmed as a single 8-bit
word, which can be decoded into as many as 255 different
outputs. The system can receive and/or generate a retest signal
(a feature of some handlers that causes the handler to retain the
device for another test, rather than automatically sequencing
to the next part). The LTS-2000 adjusts summary sheets and
parts counts to take the retest into account.

The input signals from the handler can range from +1V to +40V,
with a threshold voltage adjustable from 0 to 20V. The outputs
are relay contacts connected to handler ground; they can ac-
commodate OV to 100V (open), 0 to 0.5A, 10W max, pro-
tected by 1082 series limiting resistance.

DEBUGGING

Among other important test functions provided by the LTS-
2000 is a Debug function. This permits the operator co stop
the program at a predetermined point, while leaving the sys-
tem setup unaleered. Ic is especially useful for determining
why a device is not testing as expected and where the problem
lies. 1t also permits measurements to be made at the DUT
socket.
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A/D CONVERTER TESTING

One of the methods used for testing ADCs on the LTS-2000’s
A/D Converter Family Board is illustrated in Figure 15. Code
widths are measured by compurting the difference between the
average dc levels of triangular waves dithering about the two
adjacent code transitions. Here is how it is done:

First, consider the various elements in the loop. The reference
DAC establishes the input voltage corresponding to a given
code. The integrator generates a ramp that is either positive-
or negative-going, depcnding on the position of the switch,
controlled by the outpuc of the digital comparator. The ramp
is attenuated and summed with the DAC output, producing a
slowly changing input to the ADC under test. The output of
the ADC is compared with the code under tesc (CUT) in a
digital comparator, and the polarity of the crror determines
the polarity of current applicd to the integrator. Because the
digital comparator is actually a slave microprocessor, the afd
test system is quite tlexible and is capable of implementing
any of the test methods and handling formats from straight
binary coding to 3 1/2-digit seven-segment decoded outputs
used by display ADCs.

Suppose that the output of the ADC is low, i.e., A<B. The
negative current, -lpy, is applied to the integrator, and its
output, Vp, increases, thus increasing the input to the ADC.
On the next conversion, the test is again performed, and V)
continues to ramp upward until AZ=B. At thac time, the cur-
rent into the integrator is reversed, the input to the DUT is
reduced, and on a succeeding conversion, A will once again be
less than B. The cycle cepeats, and a triangular wave will be
produced. The servo is now locked into a limit cycle, and Vp
will ramp slowly about the transition between CUT and
(CUT - 1 LSB). The average level at the output of the inte-
grator is measured (E) ).

R
A L START ECC

REFERENCE n i }
DAC y—nrn—g R
16 8ITS = A/D CONV.
AN DEVICE
2 -~

UNDER
+, TEST

E2|=sDam s Dngas }iii-.oiﬁ

L
E17"\r/‘-\’c L
o A<B DIGITAL

=] COMPARATOR

IIIEXEE

PROGRAMMED
cuT

| | *hy T,
I REGISTER
i

EY E2

Figure 15. A/D converter testing.

Then, the code under test is set at (CUT + 1 LSB). The same
process will occur, resulting in a triangular wave about the
transition between CUT and (CUT + 1 LSB). The average level
of the integrator output is again measured (E;). The difference
between these levels, E5 - Ey, is proportional to the code width,

By accurately relating the voltage at D to the output of the
precision reference, the midpoints of the codes can be checked.
Missing codes can be identified by (1) a codewidth measure-
ment of 0 and (2) the skip in the ADC output for a small
change of input and condnual oscillation between two non-
adjacent code values. 3
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SAMPLE PROGRAMS FOR TESTING OP AMP AND DAC

Annotated Programs Show Prompts and Responses
Bin-Elimination Grading System Facilitates Automatic Handling

by Steve Castelli

Two complete LTS-2000 test programs are shown here, with
annotations to provide what little explanation is necessary. On
this page, we reproduce a program to test a 741-type operation-
al amplifier for supply current, offset voltage, and offset current.

At the completion of the tests, two good grades of device will
have been identified. As we have indicated earlier, many other
tests and their variations could have been written; this set is
kept simple for the sake of clarity.

The first test is for positive supply current with 15V supplies.
If the supply current is less than 1mA or greater than 2.8mA,
the device will be rejected. In the second test, the upper limit
will be increased to 3.3mA. Any device, rejected by the first
test, which falls within the second set of limits is accepted
for the second grade.

In the third and fourth tests, the same current limits are ap-

plied to the negative supply current, with the same criteria
for acceptance and rejection for the two grades.

The 5th test is for Vog with 508 input source resistance.
If Vos is outside the band +2mV, the device will be rejected.
In the 6ch test, the upper limit is increased to 23mV. A device
which has been rejected by the first test but falls within the
second set of limits will be accepted for the second grade.

In tests 7 and 8, offsec current is tcsted, using 100k§) source
resistors. The limits in test 7 arc +0.01gA and in test 8 are
20.05uA. As before, there are two grades of good devices.

After these tests have been performed, the program ends. lt
could be repeated, amended, added to, stored, or wiped. There
are many more tests that could be added, such as open-loop
gain, slewing rate, short-circuit current, etc., as listed on an
earlier page, where the test circuits are described.

TEST PROGRAM FOR 741J/K

FQGRAM NAME 7 741 J/K ——

RECALL STORE CREATE LELETE===

NUMBER OF SECTIONS (1.,2.3 OR 4) 7 | ——

VS+ (INITIAL) VOLTS 7 +18(

VS— (INITIAL) VOLTS 7 -18

DEVICE WARMUFP TIME (S) ? .2 —==
NUMBER UF STYROBES/MEAS 7 | —=—

DEFINE GOOD BINS: 1,2 -—=k

(TEST = 1) +1CC (Y/N)7? Y -
CHANGE SUFPLY VOLTAGE (Y/N)7 Y
Ve+ = + 1& CHANGE TO +1S
Vvs- = - 1& CHANGE TO =15

—

COMMON MODE VOLTAGE (Y/N)? N -

LOW LIMIT IN MA = 1.0 %
HIGH LIMIT IN MA = 2.8

ELIMINATE RING 7 | ==
REFEAT TEST (Y/N)7 N 2
FEFPEAT TEST WITH VARIATIONS (Y/N)? Y

(TEST ¢ 2) +ICC (Y/N)7? Y ——-—o
CHANGE 20/FPLY VOLTAGE (Y/N)7? N
COMMON MIUE VOLTAGE (Y/N)7? N
LOW LIMIT IN MA = 1,0

2.‘—_

MIGH LIMIT IN MA = 3.3

ELIMINATE BINT 7 1,2 -
REPEAT TEST (Y/N)7 N
REFEAT TEST WITH VARIATIONS (Y/N)? N

|~

END DF FROGRAM (Y/N)7? N-———

(TEST = 3) —ICC (Y/N)? Y -
CHANGE SUPFLY VOLTAGE (Y/N)? N
COMMGN MODE VOLTAGE (Y/N)? N

f——

LOW LIMIT IN MA = =2.8 f_‘
HIGH LIMIT IN MA = =1.0

ELIMINATE BINS 7 | -
REFEAT TEST (Y/N)7? N
REFEAT TEST WITH VARIATIONS (Y/N)? Y
(TEST ¢ 4) —-ICC (Y/N)? Y —mt—

E""‘—

CHANGE SUFPFLY VOLTAGE (Y/N)? N
COMMON MODE VOLTAGE (Y/N)? N

14

%_‘_—

In answer to query “Program name”’, type 741] /K or any
name with up to 11 alphanumeric characters

Push button under CREATE
Single or multiple device?

Initial supply voltages for warmup

0.2s warmup time

Just one repetition (more are possible for noisy signals)
Two categories of good device (see next page)

Yes — first test will be for positive supply current

Supply voltages changed to 15V

CMV =0

Limits for acceptable device

Failed device must be in either Bin 2 or Bin 3 (or higher)
Repeat the test, with one or more changes

Yes, test for positive supply current

No change

Leave lower limit at 1.0mA, upper limit at 3.3mA
Failed device to Bin 3 (or higher)
OK — no more +lcc tests

Continue testing
Yes — test negative supply current

No change

Limits for acceptable device

Bin 1 if it passes, unless some previous test has eliminated Bin 1
Repeat test with 1 or more changes

Yes, test for negative supply current

No change
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LR A= =3.3
) LIMIT IN M 3.3 E_‘

HIGH LLIMIT IN MA = -1.0

ELIMINATE BINS 7 1,2 -
REFEAT TEST (Y/N)7 N

REFEAT TEST WITH VARIATIONS (Y/N)? N%"‘—

END OF FROGRAM (Y/N)7? N
IEET & S) VUS 50 OHM (Y/N)7? Y -

CHANGE SUPFLY VOLTAGE (Y/N)

7 N
- o —
COMMON MODE VOLTAGE (Y/N)7 N %

LW LIMIT IN MV = -

2.0
HIGH LIMIT IN MV = 2.0E""
ELIMINATE BINS 7 1 -

REPEAT TEST (Y/N)7 N
REFPEAT TEST W1TH VARIATIONS (Y/N)? Y
(TEST ¢ &) VDS SO OHM (Y/N)7 Y -

—

CHANGE SUPFLY VOLTAGE (Y/N)7? NE
COMMON MODE VOLTAGE (Y/N)? N

LW LIMIT IN MV = —3.02_‘
HIGH LIMIT IN MV = 3.0

ELIMINATE BINS 7 1,2 -
REPEAT TEST (Y/N)?7 N

REFEAT TEST WITH VARIATIDNS (Y/N)7? NE""——'

ENDN OF PROGRAM (Y/N)7? N
(TE3T t 7} VOS KRS (Y/N)? N-=£

END OF FROGRAM (Y /MY N -

(TEST ¢ 7) 108 (Y/N)? Y —==
CHANGE SUFPLY VOLTAGE (Y/N)? N -

EXTERNAL SOURCE RESISTORS (Y/N)7 N-—s——
INTERNAL VALUE (0,1,10,100) KOHMS 7 100 ———

COUMMUN MODE VOLTAGE (Y/N)7 N ===
LOW LIMIT IN VA = =, 01]

HIGH LIMIT IN VA = ,01)
ELIMINATE BINS 7 | -

REPEAT TEST (Y/N)? N
REPEAT TEST WITH VARIATIONS (Y/N)7? Y
{TEST = 8) JOUS (Y/N)?7 Y-

E....(___.

CHANGE SUFPLY VALTAGE (Y/N)?7 N
EXTERNAL SODRCE RESISTURS (Y/N)? N

INTERNAL VALUE (0,1,10,100) KOHMS 7 100 ——mt——o

COMMON MODE VOLTAGE (Y/N)? N -

R S——

LOW LIMIT IN UA = —.OSE___.
HIGH LIMIT IN UA = .05)
ELIMINATE BINS 7 1, Z2-——

REFEAT TEST (Y/N)7 N
REFEAT TEST WITH VARLIATIONS (Y/N)? N

E_._

ENL GF PROGRAM (Y/N)7? Y ——

RECALL STORE CREATE TLELETE

DEFINE GOOD BINS. ELIMINATE BINS. ..

in the above example, two “‘good’’ bins were defined. It is one
of the simplest examples of the LTS-2000 component grading
system, which perhaps can best be thoughe of as an elimina-
tion matrix containing 49 bins (0 to 48). Bins 1 to 48 can be
direetly specified by the user; if a component cannot be placed
in any of these bins, the system will automatically assign it
to bin 0.

To set up the grading system, the uscr first designates a block
of “good™ bins anywhere in the range 148, usually contig-
ous, to represent passing components. The number of bins
depends on the number of grades into which the device may
be assigned and the number of parameters to be tested. A
device paramcter to be tested may be represented by a bin
or a group of bins.

As the user enters the parameters for each test in the program,
(s)he must also state that if a componenc fails a specified
test, it cannot be assigned to any of the bins which represent
good devices in terms of the parametec being tested. The
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New limits

Failures to Bin 3

Finished Icc- test, but not program

Yes, Vs test with 5082 source resistance

No change

Offset voltage test limits
Eailed unit cannot reside in Bin 1

Repeat test with changes
Yes, Vs test with 5080 source resistance
No change

New limits
Failed units must be in Bin 3 (or higher)

Finished Vs test (5082) but not program

Vos with some other value of Rs? No.
Continue to suggest tests

Test Iys? — Yes

No change

External source resistors not to be used
Use internal 100k source resistors

No CMV

Test limits in uA

Failures to Bin 2 or 3 (or higher)
Repeat test with changes

Yes — offset current

No change

Use 100k internal source resistors

No CMV

Test limits

Failed device to Bin 3 (or higher)
Don’t repeat

End program here (Don’t tempt us with further tests.)

elimination procedure is repeated for cach test in the program.
When the device has been exercised through all the tests, the
system will automatically grade it into the best bin (lowest
bin number) which has not been eliminated.

For example, in the 741J/K test procedure, bins 1 & 2 are
defined as “good” bins. A device which passes all teses is
graded in bin 1. One which passes tests 2, 4, 6 and 8, but
fails 1, 3, 5 or 7 is graded into bin 2. And a device which fails
2,4, 6 and 8 flunks; it is graded into bin 3.

Here is a somewhat more complicated example. Ten devices, A,
B, C, D, E, F,G,H, 1], are 1o be tested for Vos and IorrseT-
There will be four good grades for cach parameter, and two
series of four tests are to be performed. For the results of
these tests, we arbitrarily define bins 1 to 11 as good bins.
We then define the limits, or parameters, for each test, starting
with worst-case conditions. By testing for worst-case condi-
tions first, failed components can be identified immediately,
avoiding much unnecessary testing. As each limit is defined,
the user must also designate which bins are to be eliminated.
Here, as Table 1 shows.
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Test Failuce Eliminate

Number Condition Bing Remarky
] Vx> SmV lLio Il Worsi case. Ifdevice fails, assign it 1o bin 12, No further test.
2 Vos > 3mV 1109  If device fails. cannot be assigned 10 thete bins
h) Vo > V5mV 1wb Bins 1 to 6 are unavailable todevices chae fail this test
4 Vs > 0.75mV 1wl Bins | t0 3 are unavailable 10 devices dhat (i) this texe
5 1,* > 50nA 11012 Worst case. Il device (ails, assign it to bin 33. No furthe tese.
6 I* > 20nA lw? If device fails. it cannot be anigned 10 these bins
7 "> 100A oA Bins | 10 4 unavailable 1o filures
8 ' D 3nA 1&2 Bins ! & 2 unavailable wo (silures

Table 1. Tests to be performed.
Assume that the program is written and devices A .. .J are tested.
The test results are as shown in Table 2, We will discuss how
A and B are classified, show the classificacions for devices C,
D, E and leave the classifications of F through ] to the reader
as an easy exercise.

Classification of A: Very simple. It failed Test 1, is rejected
to bin 12, and requires no further test.
Classification of B: Since it failed Tests 2 and 6, bins 1-9

FPROGRAM NAME ? ¢ DACRO-V -

LQAD CREATE SAVE LELETE
NUMEER COF BITS ? 12 -m——r0o

ED] Te——

POS OR NEG TRUE LOGIC (P/N) 7 N ——

COUE TYPE 7 BIN —

SERIAL OR FPARALLEL [ATA (S/P) 7 P -mp————

(V OR DYOUT 7 V —-mt—

VOUT FULL SCALE VOLTS 7 10—

INT/EXT REFERENCE (1/E) 7 1%_‘
INTERNAL REF VOLTAGE 7 6.3
VUSA = OFF CHANGE TOr (X)=0FF 15

y&B = OFF CHANGE ToQ (X)=0FF S

- & B e BE—
VSC = OFF CHANGE TO (X)=0FF =15
VSO = OFF CHANSE TO (X)=0FF X

1S THE DEVICE ADDURESSARLE (Y/N) 7 N
ANY LOGIG CUTFUTS (Y/N) 7 N

%_..,_

DEVICE WARMUP TIME (S) S -

NUMHER OF STROKES / MEAS 7 5 —=—0o
(TEST : 1) UNIPOLAR 2ERO (Y/N) 7 ¥
CHANGE SOURCE VOLTAGES (Y/N) 7 N
CONNECT vOUT LOAD (Y/N) ? N
CONNECT REFERENCE LOAD (Y/N) 7 N

CHANGE RELAY VURIVE CODE (Y/N) ? N

LEFINE GRUD HINS(1 TO 20) -t

g:

REFEAT HARDWARE CUESTIQONS (Y/N) 7 N--t——

ELIMINATE BINS{(1 TO 10) -

—

—

LOW L1IMIT IN MV = —lOE
HIGH LIMIT IN MV = 10
REPEAT TEST (Y/N) ? Y-

CHANGE SOURTE VOLTAGES (Y/N) 7 N
CONNECY VOLET LOAD (Y/N) 7 N
CONNECT REFERENCE LOAD (Y/N) 7 N

CHANGE KELAY ORIVE COOE (Y/N) 7 N
REFEAT HARDWARE OQUESTIONS (Y/N) 7 N,

ELIMINATE BINS(1 TO 30) —
LCW LIMIT IN MV = =20

HIGH LIMIT IN MV = SOt o
REFEAT TEST (Y/N) 7 N —=m—o

END DF FROGRAM 7?7 N -
(TEST : %) FULL SCALE (Y/N) 7 Y -

CHANGE SOURCE VOLTAGES (Y/N) 7 N :
CONNECT VOUT LOAD (Y/N)Y 7 N ?
COUNNECY REFERENCE LOAD (Y/N) 7 N
CHANGE RELAY DRIVE CODE (Y/N) 7 N
REFEAT HARIWARE GUESTIONZ (Y/N) 7 N
ELIMINATE BINS(1 TO S) -

—

LOW LIMIT IN © = 9.9%4

HIGH LIMIT IN V = 10.001&"‘

REFEAY TEST (Y/N) 7 N —a—o
END OF FROGRAM 7 Y

16

Devie Vos(mV) Iytnd) 3 2 3 4 5 6 7 8
A 5.1 60 F - - - = - - -
B 1.0 25 P F F F ¥ F F F
c 24 15.4 P P F F P P Ff F
D 0.8 8.2 P P P F P P P F
E 0.5 4.1 P P ¢ P P P P ¢
F 1.2 2.2 P P P F P P P P
G 3 6.0 P F F F P P P F
H 4.8 12 P F F F P P F F
1 6.0 18 Fo- - - - - = =
s 29 51 P P F F F - - -

Table 2. Performance of devices’ tests (P = Pass, F = Fail).

are eliminated. [t will cherefore be assigned to bin 10.
Classification of C.D,E: Bins 7,4, 1
Classification of F,G,H,1,]: See answers in Potpourri (p. 19).

BRIEF TEST PROGRAM FOR DAC80-V

Tests for unipolar zero (£10mV and *30mV) and full scale
(9.994V 10 10.001V for all bits on).

Cast use up 10 11 alphanumeric characters

Push button under CREATE

Enter number of bits (2 to 16)

DAC 80’s input requires negative-true logic
Binary (also uvailaZle OFBIN, 2 COMP, SNMAG)
Parallel input data

Voltage-output DAC

10V full-scale

Internal 6.3V reference
Up to four supplies are available. DAC80-V requires

three: +15V, +5V, -15V. At this time they are off.
Change them to the appropriate values (X means that

a supply remains off).
Test program will handle addressable devices

and devices with logic outputs.
Warmup time in seconds. Use enough for accurate measurement,
Each test will take 5 measurements and average them
Yes — test for unipolar zero

No change to source voltages, no loud on device output,
no load on reference (to test its regulation), no change
to relay drives.

Please continue
These are the bins to be used for this series of tests
If the device fails this test, it’s in Bin 11 (at least)

£10mV limits on unipolar zero

Shall we repeat unipolar zero test? Yes.

No changes to these items

If the device fails this test, it’s in Bin 31 (at least)
New test limits

After test 2 is performed, shall we repeat unipolar zero test? No.
More test(s) coming.
Yes — test full scale output (all bits on — 0).

No changes to these items

If the device passed the other tests and flunks this one,
it’s assigned to Bin 6.

Test limits

Don’t repeat the full-scale voltage test,
That’s all, folks! @
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New Products

12-BIT 16-CHANNEL DAS

The AD364* is an 8-differendal/16-single-
ended-channel 12-bit uP-compatible DAS
in 2 hermetic DIPs. The analog input
section comprises MUXes, differential
amplifier, sample-hold, and channcl-select
logic; the 12-bit uP-compatible ADC is
similar to the proven AD574*. Minimum
chroughput race for full rated accuracy is
20kHz. Prices from £139.50 (100s).
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12-BIT 40ns ECL DAC

The HDS-1240E*, a 12-bit high-current (0
to -16mA) hybrid DAC, scttles to 12 bits
in only 40ns. Designed for random-scan
graphic displays, digital VCOs, waveform
generation, and military ECM-EW, it re-
places such devices as DAC397, DA4000,
and ADH-030. The 24-pin hybrid is avail-
able in glass/ceramic or hermetic metal
packaging. Prices from 8149 (1-9).
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8-BIT8-CHANNEL MEMORY-DAS

The single-chip CMOS AD7581* continu-
ously scans 8 analog input channels, con-
verts them to digital, and stores the data
in bus-addressable RAM, The AD7581
interfaces directly wich 8080, 8048, 8085,
Z80, 6800, and other microprocessor sys-
tems. Data can be read at any time for any
channel; on-chip logic provides interleaved
DMA. Prices from $13.90 (100s).

IMPROVED IC OP AMP

The hermetically sealed AD OP-07* is an
improved version of the industry standard
OP-07 precision op amp. Open-loop gain
of 3 X 10% provides increased accuracy in
high closed-loop-gain applications (e.g.,
0.1% at G = 3000). Its protected inputs
have low offset voltage and current, low
bias current, and low drift, Its 5 perform-
ance grades are priced from $4.55 (100s).

12-BIT SERIAL-INPUT DAC

The AD7543* is a monolithic CMOS 12-
bit mulciplying DAC in a compact 16-pin
DIP. Its double-buffered input permits it
to be loaded serially without affecting the
analog output until data is strobed in
parallel. Serial loading allows a small
package, low pin count, and low initial
and in-circuit cost for chis high-accuracy
device. Prices start at $14.25 (100s).

TEMPERATURE TRANSMITTER

Model 2B57* is a high-performance low-
cost -55°C to +150°C-temperature trans-
mitter. Drawing power from the 2.wire
output line, it provides excitation and sig-
nal conditioning for AD590* or AC2626*
IC temperaturc sensors and has a 4-to-
20mA noise-insensitive output current
compatible with 1SA Standard $.50.1.
Prices start at 859 (1-9).

FAST OP AMP AND BUFFER

The ADLH0032 family * are op amps,and
the ADLHO0033 family* are unity-gain
buffer amplifiers, packaged in 12-pin
hermetic TO-8 metal cans. Both types are
high-slew-rate devices (500/1500V/us) in-
tended for new applications and for direct
replacement of the LH0032/LH0033 fam-
ilies. Industrial and military temperature
ranges are available. Prices $29/24 (1-9,
substantial quantity discounts available).
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8-BIT 9-CHANNEL CMOS ADC

The AD7583* is a 9-channel, addressable
8-bit integrating data-acquisition subsys-
tem on a single CMOS chip in a 40-pin
DIP. Operating within spec on a single
12-15V supply, this ratiometric quad-
slope device converts in only 4ms, using
a small number of external parts. Its 9
addressable buffered channels can be
easily expanded to 24. Priced from 817.50
(100s).

T AT e VD PO Tty
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DEGLITCHED 8/10-BIT DACS

The HDD Series* consists of 4 ECL-com-
patible fast-setcling deglitched video DACs
packaged in 32-pin DIPs. They offer 10ns
setcling to 8 bits or 15ns sectling to 10
bits, and both versions are available with
complete composite video control inpucs
and compatibility with EIA standards
RS-170 & RS-343. Prices starc at §159
(1-24).

*For technical data, use the reply card.
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THE AUTHORS (Continued from page 2)
Gary Sheehan (page 8), a Sys-
tems Engineer ac ADI's Compo-
nent Test Systems, designed the
DAC Family Board and the soft-
ware for testing DACs on the
LTS-2000. Prior to joining CTS.
he has been involved with various
stages of IC manufacturing, from
IC tayout to lascr-trimming. Prior

to joining Analog Devices, he LBE
studicd at Northeast Institute and scrved in the U.S. Navy.

Jan johnson (page 8), Systems
Design Engineer at ADI-CTS,
designed the Operational Ampli-
fier Family Board and the soft-
ware for testing op amps. Earlier,
he was involved with ATE
systems and product testing at
Analog Devices Semiconductor.
At present, he is responsible
for family-board designs. He :
studied E.E. at thc Worcester Polytechnic Institute.

Tim Wilhelm (page 8), Systems
Design Engincer at CTS, has
been with Analog Devices since
graduating from Northeastern
University with a BSEE. As a
Test Engineer at ADS, he de-
signed and developed uP-based
test systems and configurable
environmental chambers for lin-
ear-IC production testing. Also
responsible for 2/d and d/a converter testing of ICs and hybrid
circuits, he designed the LTS-2000 ADC Family Test Board.

Steve Castelli (page 14) is Senior
Marketing Specialist in charge of
marketing operations at  ADI
Componcent Test Systems. Earli-
er, he was Product Marketing
Specialist in the ADI lastru-
ments and Systems Group, re
sponsible for various products,
from DPMs to interface boards
for uCs. Joining us after gradua-
tion from Bryant and Stratton, he has worked in Manufacturing
and Applications Engineering, as well as Marketing.

Roland johnson, Publications
Manager of CTS, performed the
heroic task of stimulating, con-

figuring, and coralling the LTS-
2000 arcicles in this issue, making
sure they meshed, and delivering
them on time. We are deeply in-
debted 1o him, Roland has a
B.A. in English and an M.A.
in Structural Linguistics. Prior
to becoming a technical writer, he was a carcer officer in che
U.S. Army and a teacher. Before joining CTS, he was responsi-
ble for MACSYM publications.[3
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ADI Division Fellow Named
JACK MEMISHIAN

Before being named as the new-
¢st Analog Devices Division Fel-
low, Jack Memishian was Senior
Staff Engineer in the Systems
Component Division. Although
his forte is products and people,
rather than patents and publica-
tions, Jack has received two
patents and has appeared as an
author in these pages. He is currendy Chairman of the Analog
Devices General Technical Committee and a member of the
Strategic Task Force.

Products he has been directly responsible for include the
2B54/55 lIsolated Thermocouple/mV Signal Conditioners
(that threaten the future of the flying-capacitor multiplexer),
the RTI-1200 tribe of memory-mapped §/O boards for micro-
computers, and innumerable high-performance a/d converters
and DACs, including the fast 14-bit ADC1130/31 and 12-bit
DAC1108

Of comparable (or greater) significance are the products that
have been and will be developed at the hands of young col-
lcagues, whose professional growth he has fostered through
intcllectual challenges and generous contributions from
his store of idcas, lore, and experience. As one of our engineer-
ing managers put it, “He has the faculty to challenge these
people to think and to stimulate them to reach beyond their
abilities.”

Jack reccived a B.S.E.E. from the Massachusetts Inscituce of
Technology and worked as a Design Engincer at Raytheon
before joining Analog Devices some seven years ago.

WHAT IS A DIVISION FELLOW?

Division Fellow is onc of the highest levels of technical ad-
vancement within the divisions of Analog Devices. Fellows are
recognized for their outstanding technical contributions to the
company and for having exemplified unusual talents as innova-
tors in their fields; for acting as mentors to young technologists;
for having demonstrated leadership in generating new busincss
opportunities; and for having developed valuable industry and
academie relationships for the company.

Jack is the third person to be named a Division Fellow in this

newly established program, joining A. Paul Brokaw and Barrie

Gilbert.* The prescntation was made by ADI President and

Board Chairman, Ray Stata, who said:
‘.. . the parallel Jadder concept, still in its infancy at Ana-
log, is mcant to provide opportunity and recognition to
individual technical contributors, commensurate with that
available to managers, . to give engineers a chance to
influence the policics and direction of the company, as well
as to participate in the material rewards. The technical
innovations and superior produces for which Analog is
known, and to which Jack has made significant contribu-
tions, continue to attract and jnspire engineers. As we grow
larger, we must retain this “magic” and keep the environ-
ment stimulating, The maintenance of that environment is
high on my list of personal priorities.” [

*Sce Analog Dialoguc 14-1, 1980.
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Potpourri

An Eclectic Collection of Miscellaneous Items of Timely and
Topical Interest. Further Information on Products
Mentioned Here May Be Obtained Via the Reply Card.

IN THE LAST ISSUE (Volume 14, No. 2, 1980) . . . Isolate, Amplify, Multiplex 4+ Channels (ALl
Solid State): 2BS54, 2B55 . . . Programmable Cold-Junction Compensator (4 Different TCs): 2B56

. Isolated Conversion from Digital to 4-to-20mA (DAC1423) . . . Digital Attenuator: 0 to
-88.5dB in 1.5dB Steps (AD7110) . . . 10-Bit 20MHz Video A/D Converter (MOD-1020) . . . 12- Bit
MOS M-DAC Imterfaces Directly with uPs (AD7542) . . . Computertized Test System for ILinear
Devices (LTS-2000) . . . and these New-Product Briefs: Hybrid 12-Bit S/D Converters (SDC1741/42);
44-5% Digit ADC Subsystem on a Chip (AD7555); Fast A/D Converter Modules (MAH-0801, -1001);
Data-Acquisition Analog Front End (AD362); Fast Hybrid A/D Converter: 12 Bits in 4us (AD578);
12-Bit DAC Family (AD370/371); MACSYM: 3 Input Cards — Isolation, Frequency, Bridges; Lowest-
Cost Isolators, Stand-Alone and Synchronizable (290A, 292A); Pin-Programmable Hybrid Instru-
mentation Amplifiers—Binary Gains, 1 to 1024 (AD612/614); yP-Compatible 8-Bit ADC Interfaces

Like Memory (AD7574) . . . Application Briefs: DAC Controls Precision UHF Noise Level and
Putting the AD558 DACPORT™™ on the Bus — Interfacing to uPs with One Easy Chip . . . New
Literature: 1980 Short-Form Guide, MACSYM 2 System Digest, and new book: Transducer Interfacing
Handbook — a guide to analog szgnaZ conditioning ($14.50) . . . Across the Editor's Deck:
High-Resolution AT Measurement, Ervors in Sample-Holds . . . plus Authors, Potpourri, etc.

Use the reply card for your free copy, or for information on any of the above items.

WHAT BINS FOR DEVICES F, G, H, I, J? (See page 16) . . . 4, 10, 10, 12, 13.

ARTICLE-REPRINT AND APPLICATION NOTES AVAILABLE . . . "Isolator Stretches the Bandwidth of
Two-Transformer Designs,” by Bill Morong. Electronies, July 3, 1980. All about Model 289

. . . Application Notes: Interfacing the AD558 DACPORT™ to Microprocessors, by Doug Grant,
and An Analysis of the Price and Performance of the AD558, by Goodloe Suttler.

DATA-SHEET UPDATE . . . HDS-1240E Hybrid 12-Bit 40ns ECL DAC, "M'" suffixes, has an operating
temperature range to +125°C, up from 100°C . . . HAS series ADC timing corrections: Data

Ready goes lown10ns (1l gate delay) before the LSB has settled; time from trajling edge of
Encode Command pulse to true state of MSB is about 300ns . . . HTC-0300 has been redesigned

to minimize damage caused by static electricity. New specs: Acquisition Time = 170 (200 max)ns,
Offset vs. Temp = 40 (75 max) ppm/ C, Bias Current = 15UA max . . . ADS534, page 4, first

equation: bracket all terms except A . . . ADS558 specs: Maximum voltage on the digital inputs
(pins 1-10) should be 5.5V (TTL compatible). Do not use high-level CMOS logic voltage . . .

AD ADC80-Z will operate with +12V supplies; tolerance range is +11.4V to +16.0V. Logic supply
tolerance is +4.75V to +5.25V . . . DAC1423 pin designations are wrong on data sheet C564-9-3/80
but correet in catalog (p. 9-166) . . . Consult your ADI Sales office for more information on
any of the items here or in the following sections.

PRODUCT NOTES . . . AD7533 meets or exceeds every AD7520 spec, and it's much lower in price.
Other features: Latchproof (no Schottky diode required), lower output capacitance than the
competition, end-point linearity spec, and it’s available in quantity! . . . ADG200/201 switches
pass MIL-38510 VZAP test with up to 1000V ZAP! . . . AD50l replacements: AD511A/R/C replace
ADSO1A/B/C (plastic-end-lead mini package); ADP511A/B/C replace ADP501A/B/C (plastic-bottom-lead
mini package; ADM501/506A,B,C replace ADM501 A,B,C (l12-lead TO-8 metal can); GBW = 1MHz . .
Chassis-mount power supplies: barrier strips are %" longer for improved reliability and safety

. AC2626 probe version of AD590 temperature sensor withstands 7500psi (15 min) pressure
testing; for information, consult your ADI Sales office . . . 2B54/55 4-Channel Thermocouple/mV
Signal Conditioners and 2B56 Cold-Junction Compensator: two mounting cards are available with
all adjustment pots, address-decoding circuitry, and cold-junction sensor on-board. ACl215
has screw terminals for thermocouple inputs, ACl216 has a finger-type edge connector.

APPLICATION NOTES . . . MAS Series a/d converters can be short-cycled: 120ns/bit for MAS-1202,
115ns/bit for MAS-1001, and 90ns/bit for MAS-0801 . . . AD7525 Digital Pot, for best results
when used with thumbwheel switches: pulldowns should be used to draw current through the switch
contacts in the Logic O position. This tends to prevent poisoning of the contact surfaces under
"dry circuit" conditions . . . Socket information for AD515, AD545, AD362, AD363, AD364 AIS,

AD ADC80, AD5200, AD572, and ADS578 is available from your ADI Sales office . . . ADS565/566
grounding: the grounds must be tied together at the power ground pin.

PRICES . . . AD7533JN prices have been drastically reduced. For example, the new price in 100s g
$4.00, down from $6.00 . . . MIL versions of the AD7542 are available, starting at $37.85 in

100s for the MIL—temp-range AD7542SD. Mi1/883B screeening is available for all types, starting
at $22.25 in 100s for the industrial-grade AD7542AD/883B. Consult the ADI Sales Office for prices
of other types or in other quantities.
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MEET THE FIRST FAMILY
OF PIN PROGRAMMABLE
INSTRUMENTATION AMPS.

ADi2 A - When puee 10

wiyeay

AD 14 A - Whn _

ONLY ANALOG
DEVICES OFFERS
5 INDUSTRIAL
PERFORMANCE
GRADES.

Our new AD612 and
AD&14 comprise the
most complete family
of self-contained, high
speed, industrial grade (-25°C to
+85°C) PGIA's available today. For
the first time, the industrial data
acquisition designer has a real
choice of hybrid instrumentation
amplifiers to fit his specific applica-
tion requirement. L1
This new family of PGIA'S is avail-
able in 5 versions: AD612A, our
lowest priced amplifier (538.50*),
our AD&12B where accuracy and
price are important (:iZ#V&C max-
imum input voltage drift, $43.50),
our AD612C for applications requir-
ing the highest accuracy
(=£12V/°C max, $52),
our AD614A
for high

e licati
applications
(settlin
time .
4015 maxi-

*All prices in100°s
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mum to 0.01%, $49.50), and our
ADB14B for high accuracy and high
speed (£2uV/°C max; 4045 maxi-
mum settling time, 561).

DESIGNED BETTER
TO PERFORM BETTER.

Every AD612 and AD&14 contains a
precision thin-film resistor net-
work that allows you to pin program
gain in binary steps from1 to
1024 V/V. Each offers
low gain non-
linearity of
0.01%, gain
temper-
ature
stability

ARRTCLLTY

-

ADi2 C- Whem
/12 A MMM?'

AD 1 [3- :‘mb?’;.
Aped and

of 0.001%/°C maximum,
low input voltage noise
of 1uV pk-pk, high CMR
of 94dB minimum

gain = 1024 V|V, and low
power requirement of
240 mW.

AVERSATILE
AMPLIFIER
WITH VERSATILE
APPLICATIONS.

The wide dynamic input range
(10mV ES. to +10V ES.) com-
bined with fast settling time (20uS
max to 0.05%; AD614A/B), makes
these amplifiers a perfect choice
for data acquisition systems, ana-
lytical instruments, transducer
interfacing. Their high CMR, input
protection, low noise and excellent
temperature stability also make them
a good choice for precise measure-
ments in harsh environments.

If you want a broad selection
and versatility, Analog Devices
AD612 and AD614 family is the

ANALOG
DEVICES

WAYOUT IN FRONT

Devices, Inc., Box 280, Norwood, MA 02062; East Coast: (617) 329-4700; Midwest: (512) 894-3300; West Coast
(714) BA2-4717; Texas: (2141 251-5094; representatives around the workl.

Use the reply card for technical data on Models AD612 and AD614.
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