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PREFACE

This final report for the effort "Generic Linear Microcircuit
Test Requirements"” was prepared by Boeing Aerospace &
Electronics, a division of the Boeing Company located in Seattle,
Washington. Work was performed under contract # F30602-89-C-0169
for Rome Air Development Center (RADC) at Griffiss Air Force Base
in New York, with Ms. Nancy Koziarz the RADC technical monitor.
The period of performance for this contract was from August 1989

to September 1990.

This program was performed by the Parts Test and Applications
group within the Electronics Systems Division of Boeing Aerospace
& Electronics. The program manager was E. LeRoy Smith and the
technical leader was Steve K. Tanemura. Significant
contributions to the program were made by Ronald R. Mitchell,
Dennis W. Nichol, M. George Motnyk, and Robert W. Deszell. The
proposed generic test methods developed during this program and
discussed in this report are a result of the diligent effort

applied by this team.
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EVALUATION

This effort focused on updating and developing new linear test methods for
inclusion into MIL-STD-883. The additional details in the new methods will allow
manufacturers and users of the microcircuits to verify device performance by
ensuring the same methods are used to measure the device. This effort was fully
successful in identifying the required tests, minimal equipment, measurement
accuracy/resolution, and procedures for 11 device families. The obsolete 4000
series contained in MIL-STD-853C will be replaced by the method developed
during this effort.

The test methods which appear in the Appendix of this report will be placed into
MIL-STD-883. They are published here for general information only. This is not
a living document so any future changes will appear only in amendments or
revisions to MIL-STD-883.

NANCY KOZIARZ
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1.0 INTRODUCTION

This is the final report on the Generic Linear Microcircuit Test

Requirements Program. This effort was initiated by RADC in
August of 1989, and was completed after twelve months of
technical work in August of 1990. Included in this report are

all of the significant achievements and accomplishments of the
effort.

The goal of the program was to develop standardized test methods
that could be applied to a wide variety of linear device types.
These test methods would be incorporated into MIL-STD-883C,
replacing the o0ld series-4000 test methods. This was necessary
since the existing series-4000 methods were limited to testing
operational amplifiers and wused outdated/obsolete methodology.
Also, the lack of standard methods forced manufacturers and other
test facilities to develop test procedures for other types of
linear devices on their own. This often lead to widely divergent
test methods being used on the same type of device, which not
surprisingly produced very different results. The development of
these new methods would remedy this situation by giving test
engineers a guide on which to base characterization and screening
tests. This would result in more consistent testing of these
critical linear devices.

As a result of this program, a total of 11 new series-4000 test
methods were developed. These test methods cover 11 different
linear families and thus cover a wide range of individual device
types. In developing these test methods, much care was taken to
ensure that they remained '"generic" so that they could be
implemented by any particular test facility. The steps taken to
accomplish these tasks are described in the pertinent sections of
this report.

This report is organized as follows:

Section 2 Program flow

Section 3 Selection of linear device families
Section 4 Parameter selection

Section 5 Test method development

Section 6 Test method preparation

Section 7 Overview of individual test methods
Section 8 Summary and conclusions

Appendix A 4000 Series Linear Test Methods

The Linear test methods included in appendix A are for
information purposes only. The official methods will Dbe
contained in the next revision to MIL-STD-883C.




2.0 PROGRAM PLAN

The program plan used for this effort is shown in figure 2.0-1.
To best carry out the objectives and goals of the contract, the
work was broken into three main tasks:

1) Document Review and Parameter Selection
2) Test Method Development
3) Preparation of Test Method Specifications

The remainder of this section explains the rationale of the
program plan and describes each of these tasks and their
component subtasks in detail.

2.1 Program Rationale

To develop generic linear microcircuit test methods required us
to take several factors into consideration. The large number of
different linear device types commercially available meant that
the finished test methods would have to cover a variety of device
types. This required us to develop a philosophy which would
allow the logical grouping of device types in a manner to ensure
that linear microcircuits used by the military were covered, and
to avoid developing 1literally hundreds of test methods and
procedures. The wide variety of devices covered under each test
method necessitated the development of flexible test procedures
which could be adapted to several implementations of the same
part type. Yet this need had to be balanced with the fact that
the methods had to be detailed enough to ensure that different
test laboratories using these methods could confidently compare
data results without the fear of having incompatible data sets.
Also, the test methods had to take into consideration that the
numerous test laboratories that would use them had different test
facilities. This placed increased importance on several critical
test issues such as test equipment and test circuitry.

The program flow used in this effort was designed to satisfy
these diverse needs. A comprehensive document review phase was
included to ensure that all the major linear device families
would be included in the new series-4000 test methods. During
this review an extensive search and evaluation of existing and
new test methods was also performed to identify all potential
test procedures. These procedures could then be compared to
determine the best choice for the series-4000 drafts. Wwhen
developing the drafts, special attention was paid to addressing
several critical test issues 1identified at the beginning of the
program. To further ensure the flexibility and completeness of
the drafts, a review by several linear device manufacturers and
test facilities was also made. By following this plan we were
able to confidently develop generic test procedures for all
significant linear device families.
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2.2 Program Description

Figure 2.0-1 shows the basic program flow used in the contract.
This section will give a more detailed description of each task
shown in the flow chart.

Document Review and Parameter Selection: In this phase of the
program, the basic information needed to perform the contract was
obtained through a rigorous review of exisiting documeats. This
phase was divided into the following three subtasks.

Review Existing Documents: The purpose of this task was to
obtain the information necessary to develop the generic test
methods. The documents reviewed included military
specifications, test literature/reports, and existing test
documents.

Select Linear Families: At the start of the effort, an initial
list of linear families to be covered by the test methods was
submitted. Based on the information collected in the document
review, this 1list was modified to reflect the current and
expected military usage of these 1linear devices. This included
the elimination, addition, or consolidation of device families.

Select Common Test Parameters: For each linear family, decisions
were made on which parameters typically called out in the device
specifications would be covered in the new series-4000 test
methods. A selection philosophy was formulated and applied to
each of the 1linear families previously identified. The final
parameter lists were also reviewed by RADC for completeness.

Test Method Development: Once a decision was made on which
parameters would be covered, work began on developing the test
method to be specified in the series-4000 drafts. This phase
consisted of two primary subtasks.

Determine Generic Method: 1In this step a generic test method was
selected for each of the predetemined device parameters. This
required the evaluation of several sources which included current
military specifications, M38510 slash sheets, industry literature
and new test methods. As seen, the use of new methods required
approval from RADC and verification testing before being included
in the series-4000 drafts.

Address Critical Test Issues: For each test method the critical
test issues of test equipment, accuracy, and test circuitry had
to be addressed. This was done to ensure that the methods could
be easily implemented and still supply consistent results.

Preparation of Test Method Specifications: The final task of the
program was the writing and preparation of the test methods for
inclusion in MIL-STD-883C. These were drafted on a format based
on the current series-4000 test methods. To ensure completeness




and applicability, the test methods were reviewed by several
parties which included RADC and other linear device
ranufacturers.

The above program flow served the goals of the program by
enabling us to efficiently develop the required generic test
methods. By performing an in depth review phase at the outset of
the program, we were able to quickly establish a framework on
which to base each of the series-4000 test methods. Using this
framework allowed us to develop complete test procedures that
could be adapted to test a brocad range of linear device types for
application in military systems.




3.0 DEVICE FAMILY SELECTION

The first task performed in the document review phase was the
selection of those linear families that would be covered by the
new dccuments. Twelve different families were cited in the
statement of work for this contract. These were:

Voltage Comparators
Operational Amplifiers
Data Converters

Voltage Regulators

Voltage References
Voltage-to-Frequency Converters
Line Drivers

Flash Data Converters
Analog Multipliers
Sample-and-Hold Amplifiers
Charge Coupled Devices
High-Power Devices
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For each of these families, device specifications for one or more
typical devices were examined. These specifications included
MIL-M-38510 slash sheets, DESC drawings, Boeing Source Controlled
Drawings (SCDs), and manufacturer data sheets. During this
review it was discovered that an important linear family, analog
switches, had been inadvertantly omitted from the initial list.
Adding analog switches made a total of 13 linear families to be
studied.

3.1 Selection Process

One of the first issues that had to be addressed in the program
was to determine the areas of coverage for each of the new
series-4000 drafts. Basically there were two logical formats for
the test methods. One would be to Dbase each test method on a
specific family or type of 1linear device. For example, one
method would be developed to cover voltage comparators, a second
for analog multipliers, a third for data converters and so forth.
The second possibility would be to develop test methods by
parameter type. For example, one test method would cover input
offset voltage, while a second measures 1line regulation, and
other methods would be developed to cover the remaining
parameters of interest.

While each choice could be feasibily implemonted, we decided to
base the test methods on 1linear families rather than individual
parameters. This would lengthen the size Jf each test method
since test procedures for several parameters would have to be
included. However, the methods would also be easier to use since
a test engineer developing a test for a voltage regulator would
only need to reference one document rather than the 7 or 8 that
would be needed if a parameter-based format was used. Also,
since the majority of the parameters for a given family of




devices can be measured with a single test circuit, the amount of
additional overhead needed to develop family-based test methods
would not be significant.

Because of our choice to develop family-based test methods, one
of the purposes of the document review was to ascertain the
variety of device types that each method would have to cover.
This would allow us to identify those cases where two or more
families could be consolidated into a single method, or where a
single family would require multiple test methods. In
determining the final groupings for the new series-4000 methods
the most important factor was test <compatibility. Our goal was
for each method to contain one generic test circuit/setup that
could be applied to every device type covered by the method.
This forced us to make some changes with the initial 13 linear
families previously listed. These situations are discussed in
more detail in the following paragraphs.

Data Converters: It was apparent that testing of data converters
would require two test methods; one for analog-to-digital (A/D)
converters and one for digital-to-analog (D/A) devices. The
inclusion of a separate method for flash data converters was also
retained since the high speeds of flash A/D devices would require
completely different test methods from standard A/D converters.

Charge Coupled Devices: Our initial review of charge coupled
devices (CCDs) showed a scarcity of such devices in the
commercial market. Furthermore, those devices identified,

performed a wide variety of different functions such as analog
shift registers and photo transistor arrays. Because the number
and functions of CCDs are few and scattered, developing generic
methods specifically for CCDs would be a difficult task. Such a
method would be forced to cover a wide variety of diverse
parameters making it cumbersome to wuse and hardly generic in
scope. Thus a distinct method for CCDs was deemed infeasible and
dropped from consideration.

High Power Devices: This catagory of devices became redundent as
our document review progressed. Those devices that were
classified as "high power", functioned and had similar parameter
sets to 1low power devices such as voltage regulators and
references, and operational amplifiers. These parameters could
be measured using the same techniques as low powered devices
provided that the test engineer used equipment capable of
generating and measuring the required high voltage or current
signals. Test circuitry would also have to be designed to accept
the higher amperage that would flow through the circuit. An
additional factor that would require consideration would be

thermal characteristics. While these <concerns are certainly
important, they represent device specific test problems that
require the attention of the test engineer and not the

development of new test procedures. Since the function of the so
called "high power" devices cut across several device families,
several parameters would be specified 1in two instances, once in




the high power device test method, and once in their functional
linear family method. This ran counter to our philosophy of
avoiding the development of multiple methods for a single type of
parameter. For these reasons, a separate test method for High
Power Devices was not developed in this effort.

Line Drivers: While line drivers have been classified as linear
microcircuits, their operating characteristics more closely
resemble digital devices. Typical 1line driver specifications
list parameters normally associated with digital devices. Test
setups to measure these parameters also resemble those used for
digital microcircuits. Examining MIL-M-38510 slash sheets for
line drivers shows that the series-3000 digital test methods are
called out for each parameter, This effectively eliminates the
need to develop a series-4000 linear test method since it is not
the intent of this program to duplicate or change the series-3000
digital test methods. Because of this, 1line drivers were not
included in the final list of linear device families.

3.2 Final Device Family Selection

Based on our document review and evaluation the original list of
12 linear device families was reduced to 11. These families
cover the wvast majority of 1linear devices wused in military
systems. list of the 11 families and a brief description of the
types of devices included in each is provided in this section.

Analog-to-bigital Converters: Covers low-speed wunipolar or
bipolar A/D converters.

Digital-to-Analog Converters: Covers bipolar or unipolar D/A
converters of up to 16-bits resolution. Test setup accomodates
both voltage output and current output P/A converters.

Flash Converters: Covers those parameters for high-speed A/D
tlash converters that require the use of digital signal
processing (DSP) measurement and analysis techniques.

Analog Multiplier: Covers both single-ended and differential
input analog multipliers. Procedures can be applied to two
quadrant and four quadrant multipliers.

Analog Switches: Covers single and multi switch devices with or
without digital control inputs. Definitions cover both CMOS and
JFET type switches.

Voltage Comparators: Covers voltage comparator integrated
circuits. A succescsive approximation technique is included to
test high~speed comparators not amenable to the standard nulling
amplifier test method.

Operational Amplifiers: Covers operational amplifier circuits
including those with low leakage currents.




Sample-and-Hold Amplifiers: Covers both sample-and-hold and
track-and-hold amplifiers with internal or external hold
capacitors. The procedures are applicable to inverting and
noninverting amplifiers.

Voltage—-to-Frequency Converters: Covers voltage-to-frequency
integrated circuits.

Voltage References: Covers fixed and pin programmable voltage
reference devices.

Voltage Requlators: Covers both positive and negative voltage
regulators. Fixed and adjustable regulators are covered by the
test procedures.

3.3 Summary

The initial list of linear device families was modified as a
result of our in depth document review phase. Based on this
review, a total of 11 linear families are represented in the new
series-4000 test methods. We feel that these families cover the
majority of linear devices wused in military systems. Upon the
completion of this task, the next phase of the program, parameter
selection, began.




4.0 SELECT COMMON PARAMETERS

The next task to be completed after the selection of linear
device families was to determine what parameters would be covered
in each of the test methods. This required us to develop a
criteria to determine what a generic parameter was, and to apply
this to typical device specifications for each linear family.
Once these parameters were determined, a decision was made on how
to group them for test method development.

4.1 Initial Review

Much of the work in selecting parameters was performed during the
initial document review. As previously mentioned, during this
review we examined several device specifications for each linear
family of interest to the program. An additional benefit of this
review was that it allowed us to see what kind of parameters were
called out by typical 1linear device specifications 1in each
family. For each of the specifications examined, a list of the
parameters called out for measurement was made. This was
tabulated in the form of a matrix showing how often each
parameter was called out amongst all of the specifications
examined. An example of one of these matrices is shown in figure
4.1-1.

At the completion of the document review, a matrix existed for
each of the device families 1listed 1in the original statement of

work. Some of these matrices were later discarded when
particular linear families were dropped from the program (as
discussed in section 3). However the remaining matrices were

then used to aid us in the selection of parameters to be included
in the new test methods.

4.2 Selection Philosophy and Criteria

The basic philsophy used for parameter selection was to examine
each parameter and see how often it was marked in the matrix.
Those parameters marked in the majority of the columns were
strong candidates for selection. Those 1listed in only 1 or 2
cases would most 1likely be classed as 'device specific’
parameters and thus would not be good candidates for inclusion.
In all cases parameters called out for MIL-M-38510 devices
received more weight than parameters listed in commercial
specifications.

For some part families, such as operational amplifiers (figure
4.1-1), the choices were rather easy since all of the device
specifications examined called out mostly the same parameters.
In other cases however, the decisions required more thought. The
voltage requlator matrix shown in figure 4.2-1 appears to have
some parameters that should not be included. Closer examination
reveals that this is caused by the different parameters called
out by fixed requlators and adjustable regulators. Since any
test method developed for voltage regulators must include both

10




Operational Amplifier

Part Number TA =+/-25DEGC

Parameters M38510/135 M38510/122 M38510/114 M38510/119 M38510/101
Device 05 Device 04 Device 05 Device 05 Device 04
1 2 3 ) (5

VIO

I10

PSRR

Pl B BT BT B

CMRR

VIO (adj.)

10S

ICC

VOP

AVS

PR B P P o F S P P P P P

SR

ts

P Eo T Ea T Eo R Ec ol P o P E ol P P P
P T Eo T Ea i i B B i i o B B Pl P
BT o Eo T o o B oo o P P PO P P

P T Eo T Eo TN - P i P

TR(tr)

Description/Notes:

(1) Internally compensated ultra low noise, broadband, generic number OP-37A.

(2) Single operational amplifier, internally compensated, precision, high slew rate, generic number 2500;
other parameters not listed are: Vout.

(3) JFET operational amplifier, high performance, wide band, low offset, generic number L156A.

(4) BI-FET dual operational amplifier, generic number LF153; other parameters not listed are: CS, NI(BB),
NI(PC).

(5) Single operational amplifier, externally compensated, generic number LM747A; other parameters not
listed are: CS, NI(BB), NI(PC)

(6) "X": indicates parameter called out in device specification.

Figure 4.1-1 Operational Amplifier Matrix

11




Voltage Regular

Part Number TA = +/-25DEG C
Parameters M38510/107 M38510/117 M38510/102 | MS5962-87675 | M38510/115
Device 01 Device 03 Device 01 Device 02 Device 08
4)) 2 3 @ )
VOUT X X X
VRLINE X X X X X
VRLOAD X X X X
ISCD X X X
10S X X X X
VSTART X X X
VRTH X X
IAD]J X X
VREF X X
IMIN X X X
DESCRIPTION/NOTES:

(1) Fixed positive voltage regulator (+5V @ 1.5amps max), generic number LM109.

(2) 3-terminal adjustable regulator (1.25V<Vo<37V @ 0.5A), generic number LM117H;
other parameters not listed are: VOUT(recov).

(3) Adjustable precision poltage regulator, generic number LM723; other parameters not
listed are: VZ.

(4) Adjustable 3A positive voltage regulator (-24V @ 1.0A), generic number 7942; other
parameters not listed are: Ipk.

(5) Fixed voltage regulator ( -24V @ 1.0A ), generic number 7924; other parameters not
listed are Ipk

(6) "X" indicates parameter called out in device specification.

Figure 4.2-1 Voltage Regulator Matrix
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types of devices, nearly all of these parameters were eventually
included in the voltage regulator test method. A more extreme
example is the analog multiplier matrix shown in fiqure 4.2-2.
In this matrix there appears to be 1little consensus in which
parameters should be included 1in the generic test method. For
this case, we placed an emphasis on covering the parameters

called out by the JAN devices. Thus for analog multipliers we
chose to include those parameters specified by the M38510,/139
device listed in column 1. This approach was taken because the

purpose of the new series-4000 test methods is to define standard
methods to test military (JAN) devices. Thus it only makes sense
to ensure that the test methods <cover the basic parameters
specified by JAN devices in the M38510 slash sheets.

Each matrix was examined in a similar manner. As a result of
this examination, we were able to identify four different types
of parameters. These four catagories were: (1) Device specific
parameters not suited for generic treatment; (2) Parameters
which could be measured using the existing series-3000 digital
test methods; (3) Parameters covered by existing series-4000
test methods; and (4) Parameters requiring new test methods to
be developed. Our stance regarding each of these catagories is
provided in the following paragraphs.

Device Specific Parameters: Device specific parameters were
defined as those Iisted in only a small number of the device
specifications examined in the initial review. These parameters
were not selected for inclusion in the new series-4000 test
methods. Typically they were special parameters included by the
manufacturer to check that special functions or <circuitry
operated correctly. Adding these parameters would simply add
clutter and make the new series-4000 methods unwieldy to use.
Since the purpose of the contract was to develop generic methods
to test linear devices, it was not appropriate to add numerous
test procedures and special circuits to measure esoteric or
seldomly used parameters.

Digital Parameters: While the emphasis of this effort was on
linear test methods, we identified several parameters common to
linear devices that could be measured wusing the series-3000
digital test methods. For some device families (such as data
converters) these parameters existed due to the digital component
of the devices; for others it was simply the fact that they are
defined the same for linear and digital devices. Figure 4.2-3
lists a table of those parameters that c¢an be measured using

series-3000 methods. Since these parameters are all commonly
called out, they could not be ignored and 1left out of the new
series-4000 test methods. Tt was decided to include these
parameters in the new test methods, but to reference the s~. -~s-

3000 test method as the proper measurement technique.

Existing Series-4000 Parameters: The existing series-4000 test
methods cover some of the parameters called out by operational
amplifier military specifications. However, they are also
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Analog Multipliers

Part Number TA = +/-25DEGC
Para- M38510/139 280-22061 5962-88733 ADS539 MPY 100
meter Device 04 Device 101 Device 03 MIL-STD-883 | MIL-STD-883
M 2 3 O] %)
VIO X X X
1IB X X
10S X X X
ICC X X X
SR X X
FT X X X
AE X X
X X
VOH X X
VOL X X
I1 i X X
1I0UT X X
ROUT X X
Descrniption/Notes:

(1) 4 quadrant analog multiplier 4%, generic number 4213; other parameters not listed are: MA, 110,
CMRR, VOP, PSRR.

(2) 6-bit binary rate multiplier, generic number 5497; other parameters not listed are: VIC, 1IH, IIL.
(3) 16X16 bit multiplier accumulator, generic number 7C510; other parameters not listed are: 10Z.

(4) Wideband dual-channel multiplier/divider, ANALOG DEVICES, generic number ADS39; other
paramters not listed are: PSRR, 10(pk), IO(offset).

(5) Multiplier-driver, BURR-BROWN, generic number MPY 100; other parameters not listed are:
VIN(range), VOUT, IQ, RIN.

(6) "X" indicats parameter called out in device specification.

Figure 4.2-2 Analog Multiplier Matrix
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Device Family

Paramete.

Analog Multiplier

Power Supply Current
Output Short Circuit Current

Analog Switch

Power Supply Current
Voltage Output Low
Voltage Output High
Input Leakage Current
Propagation Delay

A/D Converter

Power Supply Current

Input Leakage Current
Output Leakage Current
Output Short Circuit Current
Voltage Output Low
Voltage Output High

Comparators

Power Supply Current

D/A Converters

Power Supply Current
Input Leakage Current

Operational Amplifier

Power Supply Current
Qutput Short Circuit Current

S/H Amplifier

Power Supply Current
Input Leakage Current

Voltage Reference

Output Short Circuit Current

Voltage Regulator

Output Short Circuit Current

Voltage-to-Frequency Converter

Power Supply Current
Voltage Output Low

Figure 4.2-3 Parameters Using Series-3000

Digital Test Methods
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obsolete and are not in a format compatible with that chosen for
the new series-4000 methods (being grouped by parameters rather
than linear families). It soon became apparent that the best
choice would be to eliminate the existing series-~4000 methods
rather than preserving them in some form so they could be called
out in a manner similar to the series-3000 methods described
above. '

New Parameters: Since generic test methods for these parameters
did not exist, these had to be <covered by the new series-4000
methods. The majority of the parameters identified fell into
this catagory.

4.3 Final Selection

The outcome of the matrix evaluation was a list of parameters for
each device family that should be included 1in the new test
methods. As a final exercise, we took the list for each linear
family and checked that measuring all of the parameters on the
list would result in a reasonably complete evaluation for a range
of typical devices in the family. In some cases we found that
this was not the case and some additional parameters were added.
Typically this occurred in situations where parameters had to be
added to cover an important subgroup of devices within a linear
family (similar to the case 1involving voltage regulators
discussed previously).

4.4 Parameter Groupings

The final decision that had to be made was in the groupings of
the parameters for each of the test methods. The final lists for
each linear device family primarily concentrated on static
parameters. This was because the dynamic and timing parameters
for most device types were not specified in a consistent manner.
Only the parameter lists for the D/A converter and operational
amplifier families had a significant number of dynamic parameters
included on it. Because of this situation, it was decided to
develop two series-4000 test methods for each of these families.
One would specify static parameters, while the second would be
used for dynamic parameters. This approach was chosen because
the dynamic parameters would require different test circuits and
equipment and thus could stand by themselves as individual test
methods. For the remaining families, either no dynamic
parameters were on the final parameter 1list., or those that were
could be easily tested on the static pa' meter test circuit.
Thus the total number of new series-4000 test methods grew from
11 to 13.

During the review phase with RADC some concerns were raised on
whether this was the best approach. The scarcity of dynamic
parameters proved troublesome in that it raised questions on
whether the test methods would truly provide all the necessary
information to perform a complete test on a linear device. To
alleviate this concern, it was suggested that several dynamic
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parameters required by M38510 devices be added to the appropriate
test methods. This however, raised another problem on parameter
groupings. Using our initial philosophy, we would be required to
develop additional series-4000 test methods to cover the added
dynamic parameters. This could result in a maximum of 22 test
methods (two for each of the 11 linear families). This was
clearly too many and thus a decision was made to return to the
one test method per linear device family view. This required a
total of 11 new test methods to be developed.

Once final parameter groupings were determined. Work began on
thz most important phase of the program, test method development.
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5.0 TEST METHOD DEVELOPMENT

This section describes the process of selection and development
of the generic test methods after the electrical parameters for
each family had been identified. After reviewing several sources
of test methods and 1identifying candidate methods, the first
development step was to select a preferred test approach for each
parameter. We then developed one or more generic test circuits
to perform all the tests for a family. Next, we specified the
test equipment required to perform the measurements. A critical
problem at this stage was specifying the accuracy and resolution
of the test equipment in a manner that would accommodate a wide
range of performance within a generic family without overly
restricting the choice of instruments.

5.1 Test Method Identification

After identifying generic electrical parameters for each family,
we collected information on test procedures for measuring these
parameters from a variety of sources. Selection criteria were
applied to this set of possible test procedures to determine
those most appropriate for development as generic series-4000
test methods. The methods thus identified were then carefully
developed to make them applicable to testing all of the family
members reviewed in the study. Since these parts are typical of
those used in military systems, the test methods should serve for
the majority of parts covered by the family description.

Our review of test methods covered four areas:

1. Existing series-4000 test methods were evaluated to ascertain
which might be carried over to the new specification with
possible revision and modification.

2. Digital test requirements for devices combining both analog
and digital functions were examined and compared with test
methods specified in MIL-STD-883 series-3000 test methods.

3. Established test methods for every family of devices were
reviewed. Established methods included methods outlined in 38510
slash sheets, technical reports, manufacturers’ data books,
textbooks, ATE system literature, and our own experience in
testing linear devices.

4. Newer methods dictated by advances " device performance
levels or made attractive by advances in instrumentation or
computer processing power were evaluated and tested 1in our
laboratory.

The review and selection process for each area is discussed in
detail in the following subsections.
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5.1.1 Existing Series-4000 Parameters

The MIL-STD-883C section headed "electrical tests (linear)"

consists of methods 4001 through 4007. The family of devices
addressed by these tests 1is identified wvariously as "linear
amplifier with differential inputs"”, "linear amplifier",
"amplifier" or not at all. The device parameters covered by

methods 4001 to 4007 are:

4001 - input bias current, input offset current, voltage
offset

4002 - phase margin, slew rate

4003 - common mode input voltage range, common mode

rejection ratio, supply voltage rejection ratio

4004 - gain, bandwidth, distortion, dynamic range and
input impedance

4005 - power dissipation, o* :t impedance
4006 - power gain, rn~lse figure
4007 - automatic gain control range

The description "linear differential amplifier” is broader than

the generic families identified in this program. It applies at
least to operational amplifiers, sample-and-hold amplifiers,
analog multipliers and voltage comparators. These series-4000

methods are called out for the named parameters in many of the
MIL-M-38510 slash sheet group A electrical inspection tests.
However, the test circuits and methods given in the slash sheets
differ significantly in almost every case.

Our review of the original series-4000 linear test methods led us
to conclude that the orientation was towards the specification of
operational amplifiers as building blocks for small signal linear
amplifiers. Performance in this application depends
significantly on external compensating components and closed loop
gain. Therefore, some parameters, such as power gain, automatic

gain control range, bandwidth and input impedance, did not come
through our selection process for generic parameters. Tests to
assure such performance should be included within a procurement
document rather than specified in a generic !':-st method.

In summary, the wexisting series-4000 methods fell into two
categories: those which covered parameters called cut for test
in the slash sheets but which differed significantly from the
method required by the slash sheet, and those which were not

called out in the slash sheets at all. Neither of these
catagories were in line with our philoscphy on test method
development. Because of this, none of the existing series-4000

test methods were carried over in the the new test methods
developed under this contract.
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5.1.2 Series-3000 Test Methods

The possible usage of the series-3000 digital test methods in
MIL-STD-883C occurred in two cases. The first involved those
linear device types that also had digital functions built in.
For these device types, several important digital parameters were
specified. 1In other cases, the measurement technique for some
parameters specified for linear devices did not differ from
similar measurements made on digital devices. Examples of these
parameters would be power supply current measurements, and output

short circuit current tests. In both cases, the series-3000
digital test methods could adequately make the measurement. For
these situations we decided not to write redundant test

procedures to include in the series-4000 methods. Developing
such procedures would lengthen the test methods and also make the
test «circuits more complicated due to additional eguipment
requirements. 1Instead, the appropriate digital test method was
called out for each parameter.

5.1.3 Established Test Methods

The primary source for the generic test methods developed in this
program was MIL-M-38510 specifications for 1linear integrated
circuits. With the exception of flash converters, all the device
families covered are mature linear integrated «circuits. Each
family is represented by one or more slash sheets which include
test circuits, supporting notes, and tables of switch settings
which together constitute a set of test procedures. We found
that the separate slash sheets adopted a consistent method for
measurement of the parameters selected for each family although
the details of test «circuits wvaried. Moreover, these methods
were similar to the approaches wutilized 1in our Teradyne A312
tester and described in the data books, technical reports and
texts consulted in this effort.

An exception was the slash sheet approach to testing voltage
comparator static parameters. In existing MIL-M-38510 slash
sheets, voltage comparators are treated as operational amplifiers
and tested with the output biased into the linear region. While
this method has been used successfully for testing the older
parts specified in the slash sheets, it may not suffice for the
newer parts having very high voltage gain and non-linear transfer
characteristics. A more generic test approach which would apply
to both older parts and high gain devices i+ implemented in the
Teradyne A312 tester. This approach 1is bas~d on the functional
definition of a comparator as a device having two discrete output
states and would apply universally. We therefore based the
generic test method on this approach while retaining the
operational amplifier approach as an alternative method.
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5.1.4 New Test Methods

"New’ test methods were defined as procedures not documented in
MIL-STD-883C or MIL-M-38510 slash sheets, or established as
industry standards. Such methods may not actually be ’'new’ in
the sense that they were initially developed under this contract,
but could be alternate test procedures or improvements on
existing methods to take 1into account the advances in device
performance. Another possibility would be the use of an
established technique in an area that it is currently not used.
These would all classify as ’‘new’ methods in the context of this
contract.

A contract requirement was that any proposed new methods would be
evaluated by Boeing after submittal to RADC. This evaluation
would verify that the method operated correctly, and determine
the benefits (if any) of the nmnew method. For a new method to
deserve consideration, definite improvements over existing
methods in key areas had to be realized. These key areas
included accuracy, reduction of test time, reproducability, and
ease of implementation. Such improvements had to be distinct
since our basic philosophy was not to include new methods unless
they offered clear advantages.

During the <course of the contract, two ’'new’ methods were
included in the test methods. These were the integrating
capacitor method for measuring low leakage currents on
operational amplifiers, and the wuse of digital signal processing
techniques for the measurement of dynamic performance of flash
data converters. These methods will be described in more detail
in the following sections.

5.1.4.1 1Integrating Capacitor Method

The measurement of leakage <currents such as input bias currents
and input offset current is becoming increasingly difficult for
state-of-the-art devices since many of them make use of field
effect transistors or very low 1leakage current transistors as
input devices. The standard method for measuring these currents
uses voltage drops across resistors in the input circuit to the
device to make these measurements. However, for very small
leakage current, very large resistances are required which can
produce noise and other instabilities. As an alternative, an
electometer could be switched in to the device inputs.
Unfortunately, these instruments are not =always available in
automatic test equipment and require carefully shielded input
connections and relatively long instrument settling times.
Another alternative is the Intergated Capacitor test method which
requires only a simple circuit to accurately measure extremely
small currents. This method was proposed for inclusion in the
operational amplifier and comparator test methods.

Method Description: The 1Integrated Capacitor (ICap) test method
makes current measurements by <collecting charge on a capacitor.
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For a given capacitor, the stored voltage can be calculated using
the equation:

Q
V= —
C

where Q
C

solving for the current, I; and taking into account
the passage of time between voltage measurements,
we get:

({current)*(time)
value of capacitor

no

(C)*(av)
I}, = —
AT

The basic procedure used for the ICap method is to switch the
capacitor to the positive or negative input pins of the amplifier
under test in a feedback circuit (see figure 5.1.4.1-1).
Voltages are measured at the output terminal by a standard
voltmeter. The advantage of using this method is that instead of
measuring the very small current, we are measuring the relatively
large voltage at precise time intervals. This is a considerably
easier measurement to perform. The ICap method can be used to
measure input offset current, input bias current, and input
offset voltage. 1It is also easy to setup, requiring only a few
simple components. Figure 5.1.4.1-1 shows a schematic of the
required test circuit and the equations wused to measure each
parameter.

Care should be taken in the choice of components to be used. 1In
particular the switches should have isolation resistances in the
neighborhood of 10,000 M®?, and the storage capacitor should have
a dielectric resistance of 400,000 MQ.

Verification: To verify the accuracy and improvements gained by
the ICap method, the following test procedure was used. A sample
test device would be chosen and subjected to three measurements,
one using the ICap method, one wusing the standard technique of
measuring voltage drops across resistors, (also controlled by the
Teradyne A312 ATE) and the 1last using a Keithly 485 Picoammeter.
A special test interface adapter card was designed and fabricated
for use with the Teradyne A312. This test circuit used the
standard nulling amplifier apporach to measure operational
amplifier parameters and 1is shown in figqure 5.1.4.1-2. This
adapter card was also modified to allow the picocammeter to be
directly plugged into the «circuit to make current measurements.
Since the ICap «circuit was designed to wuse the A312 as a
controller, all tests would use the same basic fixture which
would lessen the effects caused by external factors such as test
sockets and wiring. The operational amplifier chosen for these
tests was a Precision Monolithics Op 15A. The integrating
capacitor used was a Component Research 0.01 wF low leakage,
ultra stable capacitor.
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Vour

Tpa [ p11 \
R1 S3 — S4 / Voltmeter
+

* L
B1'R2 S5 K S2 Note: R2 shall be no larger than the nominal input

R1+R2 1 impedance nor less than a value which will load the
amplifier (10*Zout). Let R2/R1 =100 or
V"_ 0.1*(open loop gain) whichever is smaller.
qi
Equations
R1 S1 =Closed, S2 = Open, S3 at P4, S4 at P1,
Vio = /2 * Vout - Vqi) S5 = closed
Cc (v B)-V A
L+ = Voutr® - Vour( ”, R1 S1 =Closed, S2 = Closed, S3 at P3, S4 at P2,

ty - tq R2  S5=0Open

Open S2, measure Vo1 = VouyT(A) after t{ seconds
measure VoyT = VOUT(B) after to seconds

C(V (D)-V (C))
IL- = ouTt OUT™’ Bl 51 _Closed, S2 = Closed, S3 at P4, S4 at P1,

ty -ty R2 35 0Open

Open S§1, measure Vot = Vo7 {C) after t seconds
VouT(D) after t, seconds

i

measure VOUT

| IL+] + JIL-|
B = >

lo = |IL+] - {IL-|

Figure 5.1.4.1-1. Circuit Diagram and Equations For Integratinn
Capacitor Test Method
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Testing using the ICap method was performed first using the
Teradyne A312 hardware. A flow chart of the test program section
for measuring the leakage current from the input of the negative
terminal to the Op 15A 1is given in figure 5.1.4.1-3. Test
results for this method were:

IL+
IL-

25.9 + 0.6 pA
9.4 +70.3 pA

/]

The difference between IL+ and IL- was surprising but repeated
measurements using different values for AT showed that these
values were consistent. The probable cause for this variance is
with switches S3 and S4 in figure 5.1.4.1-2. Since current from
each input terminal passes through a different set of contacts,
extra leakage can be added or cancelled from the current flowing
into the capacitor when measuring IL+ and IL-.

Testing was also performed wusing the standard leakage current
test method outlined in MIL-STD-883C. Like the ICap method, this
method measures voltages instead of the small currents. Two
measurements of input offset voltage (Vig) are made. The first
is made with the amplifier in a standaré test configuration, and
the second is made using the same <circuit with a very large
resistor connected to the input terminal (this is possible by
replacing the capacitor in figure 5.1.4.1-2 with a resistor and
setting the switched to the proper setting). Leakage current is
then derived from the equation:

4Vig
IL =

R

Unfortunately there are some inherent problems with this setup.
If the value of 'R’ is too small, the voltage drop across the
resistor will have 1little effect and 4Vyg will approach the
resolution of the voltmeter wused to make the measurement.
Selecting a very large 'R’ has the problem that the choice of
precision resistors in the 10 MQ+ range 1is limited, and such
large resistors have the tendency to produce spurious noise. For
the OP 15A, our Teradyne A312 setup used a 10 MQ resistor which
should result in a 8Vyg of approximately 150 uV. Unfortunately
the best resolution on the A312 voltmeter is 100 wV. Thus it is
obvious that the voltage measurements will have considerable
round off error, and any current values wiil similarly be
suspect. Using this method on the A312 gave current values of
either 0 pA, 10 pA or 20 pA, which is clearly inadequate.

The final test used a Keithly 485 picoammeter. The A312 test

adapter was also used for this measurement, but in a bench top
setting rather than one controlled by the A312. The ammeter was
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Apply Supply
Voltages

'

Wait 1.0

Connect voltmeter
to output

l

Close switches
S1 and S2

Y

Turn on
power
supplies

l

Wait 0.5 seconds

1

Open S1

seconds

l

Read voltmeter
and store value E1

'

Wait 0.5 seconds

'

Read voltmeter
and store value E2

l

Calculate IBias

ABS[(0.4*107 10 )(E2 - E1)]

'

Close S1

'

Turn off
supply voltages

Figure 5.1.4.1-3 Flow chart for measuring bias current to negative input using

Integrated Capacitor test method
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directly plugged into the fixture via some special terminals, and
the current in the input leads measured. Typical values were:

IL+
IL-

3.6 pA
3.5 pA

These values were also measured several times and proved to be
very consistent if sufficient settling time was allowed.

Analysis: The final results for the verification tests were not
as good as anticipated. Leakage currents measured using the ICap
method were the same order of magnitude as those measured using
the Keithly Picoammeter, but differences did exist. However
using the ICap method did allow for significant improvement over
the method currently outlined in MIL-STD-883C.

Several possible factors could be responsible for the differences
between the two sets of measurements. Measuring such low
currents is always a difficult chore and a number of outside
factors can influence the measurement by a few picoamps (which is
significant when measuring currents < 10 pA). The most likely

cause in our situation 1is fixturing differences. While both
measurements were made using the same fixture, there were some
differences in how the measurements were made. The Keithly

picoammeter was plugged directly into the current path leading
frcm cach of the operational amplifier terminals with heavily
shielded probes. This eliminated all circuit components except
for the small stretch of wire between the probe terminals and the
OP 15A. The current path for the integrated capacitor test
however includes switches S3 and §4. It’s possible that these
switches had some effect on device leakage current. 1In addition
the wiring on the test fixture was less shielded than that of the
Picoammeter probes giving another possible source of error.
These factors could easily account for a 10 pA difference in
current readings.

It should be pointed out however, that wuse of the ICap method
still is much more accurate than the standard method to measure
leakage current for this particular case. Under normal
conditions the A312 could not make precise measurements of this
parameter, use of the ICap method gives this tester the
capability of making a much more accurate measurement.

Conclusions: Based on these findings, we determined that the
Integrated Capacitor method can make precise measurements of very
low leakage currents. The method 1is also easy to implement,
requiring simple components and a controller to insure that the
voltage measurements are made at accurate time intervals. The
ICap method has considerable potential since a large number of
operational amplifiers can not be tested effectively using the
old series-4000 test method for leakage curvents. We feel that
for low leakage <current operational amplifiers (such as the
sample OP 15A), this method 1is superior and should be used.
While use of a picoammeter (such as the Keithly 485) may produce
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more accurate results, the 1ICap method provides an acceptable

alternative if such a meter 1is wunavailable. This method was
included in the operational amplifier series-4000 test method as
an optional measurement technique for leakage currents. It is

also referenced in the comparator test method.
5.1.4.2 Digital Signal Processing Techniques

The Digital Signal Processing (DSP) test methods developed for
this contract are centered around the testing of flash data
converters. These devices are high-speed A/D converters made up
of high-speed comparators connected in parallel. Each comparator
provides a threshold measurement for its particular transition

level. Each converter is made up of about 2N jindividual
comparators so that an 8-bit converter can be made up of from 255
to 257 comparators. As converters these devices can be tested

using static test methods, but to fully evaluate these parts they
should be operated at frequencies <close to those used in actual
applications.

Test Device: To gain experience and insight into DSP test
methods, a relatively 1low speed analog-to-digital converter
(AD7580) was selected due to the availability of dynamic
performance data from the manufacturer. The AD7580’s principal
specifications are as follows:

Full Scale Analog Input up to 20 KHz
Resolution 10 bits
Integral Nonlinearity + 1 LSB
Differential Linearity Error + 0.9 LSB
Conversion time 16.9 us (minimum)
Sampling rate 50 KHz
Signal-to-Noise-Ratio 55 dB min
Total Harmonic Distortion -58 dB max
Span 2 VREF

VREF 2.5V

Clock Range 250KHZ - 20MHZ

Hardware: The test hardware for the evaluation consisted of an
Advantest T3381 VLSI digital test system and an HP3335B precision
synthesizer used to supply the analog input. We were able to use
a digital ATE for this evaluation because of the Data Failure
Memory (DFM) option of the T3381 which allows the capture of
output codes of the ADC. The DFM is used in conjunction with a
test pattern to record each vectors’ status, and has a memory
capacity of 2K words. A functional test pattern was subsequently
developed and contained 2048 vectors. Each vector provided all
the appropriate timing signals required to initiate the start of
a conversion cycle and established the time when to sample the 10
digital outputs after completion of the conversion. The contents
of the DFM is then read and stored 1in a separate data file for
later DSP processing. By repeatedly running the test pattern and
reading the contents of the DFM, the large number of samples
required for the histogram test can be obtained.
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Software: Data analysis was performed on a VAXstation II using
VAXTab, a 1laboratory signal-processing and graphics package
software routine obtained wunder license from Digital Equipment

Corporation. These <call routines formed the basis of an
interactive menu driven program written in "C" which allowed an
operator to customize individual plots. Included in the signal-

processing section were routines to calculate Fourier transforms,
determine correlation functions, apply digital filtering, apply
any of five spectral windows, compute power spectrum, phase
relationship and spectral amplitude, and perform interval
histogramming.

Method Description: Using this test setup, the following
computations and analysis can be made:

a. Sinusoidal histogram plot of output <codes illustrating
missing codes.

Differential linearity.

Integral lin-carity.

Spectral - sponse and signal-to-noise ratio.

Harmonic »istortion

Norm¢ .* ~ed transfer function (input voltage vs output
code; .

O QOUT

The sinc:wave based histogram 1is particularly useful as a basis
for all tests, as this waveform can be readily implemented with
extr:me accuracy. Care must be taken to ensure that waveform
sampling is random otherwise histograms will contain missing
codes. This is accomplished by ensuring that the ratio of output
samples taken to the number of sine wave waveforms sampled is a
prime number. The actual counts of each output code can then be
used as the basis for the derivation of differential linearity
error, integral linearity error, and transfer function. 1In using
the sine wave generated histogram to derive these parameters, a
probability weighting function must be used as some codes are
more likely than others.

The probability of a code occuring for a sinusoidal input
waveform is given by the expression:

1 v(i - 2N-1) vVi(i-1) - 2N-1)
P(i) =- sin—1 [ ] - sin-1 [
n a2N a2N
where V = full scale range of the ADC
N = number of bits in the ADC
i = code
A = peak amplitude of the input sinewave

After obtaining the number of counts for each code, the dynamic
differential linearity error in 1least significant bits (LSB) can
be computed.
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n(i)

N¢
DLE(1i) = - 1 in LsSB
P(1)
where n(i) = number of counts of code i
Nt = total number of counts

Plots of DLE versus code can then be made and examined for
missing codes. 1Integral linearity error for an end point to end
point fit can be computed from differential linearity error by
computing an array of ILE(i) values from DLE(i) values. The
equation defining this relationship is:

DLE(i) + DLE(i-1)

ILE(i) = ILE(i-1) +
2

Integral linearity can be plotted as a function of code so as to
determine whether extreme values exceed specification limits.

Signal-to-noise ratio (SNR) can be computed by applying the fast
Fourier transform to the collected data and plotting the
resulting spectrum. The computed spectrum is then "notched out"
by setting the frequency bins associated with the fundamental to
zero. The RMS of the rest of the spectrum is designated as
noise. Signal-to-noise ratio is then determined by computing the
ratio of signal to noise.

Harmonic distortion can be computed from the ratio of the sum of
the squares of the RMS wvoltage of the harmonics to the RMS
voltage of the fundamental. For the device under study, the
total harmonic distortion (THD) is:

J (V22 + V32 + V42 + V52 + V62)
THD = 20 log

Vi

where Vq is the rms amplitude of the fundamental and V,, V3, Vg,
Vg, Vg are the amplitudes of the individual harmonics.

Verification: The DSP techniques were verified under the
following test conditions:

Temperature = +259cC

Clock rate = 2.5 MHz

VDD = +5HV

ADC test sample rate = 51.2 KHz

Input test frequency (FFT) = 3.491 KHz
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Maximum input test frequency = 20 KH:z
Number of FFT samples = 2048
Input sinewave amplitude = 4.982 Vpp
Number of histogram samples = 200000

To obtain a histogram plot, a sinewave 1input was applied at a
frequency of 3.49121 KHz and the devices output vectors were
sampled at 50000 samples per second. 204701 samples were
collected for each run. This ensured that a prime number of sine
waves (143) were sampled for 2048 output data samples. This
procedure was completed 100 times to ©provide a total of 204800
data samples for histogram and FFT generation.

Figure 5.1.4.2-1 displays a histogram plot for an AD7580. There
are no missing codes and the histogram appears to be equivalent
to that displayed in the manufacturer’s literature. The
differential linearity error (DLE) computed from the histogram is
+ 0.65 LSB which is within specification. Figure 5.1.4.2-2 is a
plot of differential linearity versus output code. The integral
linearity error computed from the histogram ranges from +0.5 LSB
to -1.0 LSB. This result was obtained by integrating the
differential linearity error as explained previously and is shown
in figure 5.1.4.2-3. Finally, figqure 5.1.4.2-4 displays the
spectral response of the AD7580. From this plot SNR and THD can
be obtained. THD is -64.30 db and SNR is -42.9 db which is out
of specification. Possibly a higher quality signal generator is
required.

Conclusion: Because of the high <conversion rates for flash A/D
converters, DSP techniques are needed to make dynamic
measurements of several critical parameters. Based on our
evaluations, we included the DSP techniques described in this
section as the specified method for measuring flash converter
parameters.

5.2 Test Method Selection Criteria

Following the test method 1identification study of section 5.1
above, we made a selection o0f tests to be included in the new
series-4000 test methods. The <criteria adopted for selecting
amongst the various test approaches identified for each parameter
were that the method be:

1. Consistent with the definition of the parameter and the
normal application of the device.

2. Adaptable to both bench and ATE test approaches.

3. Specified in one or more MIL-M-38510 slash sheets for
linear devices.

4. Established in industry.

5. Offering significant improvments in resolution, accuracy
or speed.
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Conformance of selected test methods to the first two criteria
was considered essential while preference was given to methods
meeting the remaining three «criteria. Where application of the
criteria led to alternative methods, we put the choice to Occam’s
Razor: other things being equal the simplest approach was chosen.
In section 7 we refer to these <criteria in discussing the test
approaches selected for the generic families.

A surprising result of application of the criteria was that few
of the existing series-4000 test methods proved suitable for
incorporation into the generic specifications. As noted in
section 5.1.1, the older methods are oriented towards testing of
operational amplifiers as small signal ac linear amplifying
devices. However, the parameter definitions adopted for this
program, as well as the existing slash sheets for operational
amplifiers call for static and 1large signal dynamic tests.
Moreover, the static tests of the 4000 methods show a test
circuit employing direct feedback. The preferred approach in the
slash sheets and in industry practice is to wuse a nulling
amplifier loop.

5.3 Test Circuit Development

Test circuit development proved to be one of the most difficult
tasks in the development of generic test methods. The
difficulties arose out of conflicting objectives and were
resolved by determining the most essential requirement. Unlike
digital test configurations which involve sets of identical
inputs and outputs, each having two states, linear circuits test
configurations have many varieties of both input and output and
frequently incorporate feedback <circuitry between input and

output. As a result, 1linear test <circuit design involves
complexities beyond the connection of input drivers and output
comparators to the test device. This section describes the main

tradeoffs that were made in test circuit development to
accommodate the special problems of specifying generic linear
device test circuits.

Our initial desire to have each test circuit sufficiently
detailed to enable easy duplication proved unrealistic because of
the wide variation of parts within a family. We decided in favor
of <clearly showing the principle of the measurement and
identifying the signal, control, and measurement terminals on the
device in test. Another initial objective which proved
unrealistic was to include 1in the new tes’ methods details of
test system loading, power supply decoupling and any
stabilization circuitry required for additional linear components
included in the test circuit. These aspects of the test circuit
are dependent on the specific test instrumentation, test fixture
construction and wiring, and on the specific performance of
individual members of the device family. As a result, these
details did not fit within the concept of a generic test method.
However, we indicated in the drawings or footnotes wherever it
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was clear that special measures should be taken on the basis of
the generic family characteristics or the basic test circuit
design. In conclusion, the test methods assume that the test
engineer or technician is familiar with 1linear equipment and
fixturing. Moreover, where device connection and stabilization
requirements differ within a family, these requirements should be
specified in the procurement document for that device.

It was also considered desireable to minimize the actual number
of test circuits by combining measurements in a single circuit.
In particular, it was a goal to make all static parameter
measurements in a single circuit. This avoided creating many,
essentially similar, circuit diagrams. At the same time we dad
not want the circuits to become so overly complex through the
inclusion of many switches, relays and auxiliary components that
the principle of each measurement became obscured. A good
example of a circuit combining static tests is the nulling
amplifier loop circuit provided £for the operational amplifier.
Inclusion of a modest number of switches enables measurement of
all static parameters in a single circuit. The accompanying test
table in the new series-4000 document shows the switch
configurations for each measurement.

Another tactic adopted for the sake of clarity in defining the
test method was to include more stimulus sources and meters than
would be needed in a practical test setup. In some circuits,
for example the static test <circuit for analog switches, the
measurement principle was best illustrated by including multiple
sources and meters rather than creating a complex circuit with
many reconfigruation switches. In a practical bench circuit or
in ATE, the sources and meters would be reconnected manually or
automatically to perform different tests. Moreover, proper test
procedure would deduct any superfluous instrumentation loading
the test device.

In conclusion, the development of generic test circuits called
for compromises which were decided 1in favor of clearly defining
the principle of measurement, minimizing the number of test
circuits and limiting the complexity of the circuits.

5.4 Specification of Test Equipment

The specification of test equipment to be used in generic test
methods poses special problems. The specification must be
generic enough to accommodate testing of a family of devices with
widely different performance levels requiring different
measurement accuracies. It also must be applicable to the

various approaches to test implementation: bench test, bussed
assemblies of instruments, and full automatic test systems. The
specification of test equipment for generic test methods thus has
two aspects, functional specification and accuracy specification.
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5.4.1 Functional Specification

The approach adopted in defining test equipment was to specify
the test instrumentation as functional modules. Each piece of
equipment needed to stimulate, measure, or cocntrol the device
during the test 1is given a simple functional description. The
minimum requirements of the equipment are stated 1in terms of
functionality, accuracy, and resolution. These descriptions
should enable the test engineer to select equipment for bench or
bussed system tests from amongst the great variety of instruments
available, and should also enable the engineer to determine
whether a particular ATE system 1is capable of the measurement.
This approach concides with that in the older series-4000
methods. The MIL-M-38510 slash sheet specifications for the most
part follow this method of specifying test equipment, however, in
some cases a specific instrument 1is <called out with the phrase,
"or equivalent" added. Where we have adapted test methods from
the slash sheets, we have replaced <citations of specific model
instruments with a functional description of the instrument
requirements, however, in one or two cases, where it appeared
helpful, we have cited a specific instrument model as examples of
the type of equipment to be used.

The functional module names carried over from the old 4000
specifications include oscilloscope, pulse generator, signal
generator, ac voltmeter, dc voltmeter, dc <current meter,
distortion meter, and noise generator. The elemental nature of
these test equipment modules has enabled the test methods to
retain their validity as test equipment has evolved since the
1960’s and they should continue to serve as equipment grows even
more sophisticated. However, we did find it necessary to update
this list with the addition of one functional module. We have
introduced the functional description "programmable voltage
source" to serve the requirement of voltage generation in test
circuits that employ automatic adjustment of an input voltage.
This functional module provides an analog voltage of specified
resolution and accuracy when programmed with a digital input. 1In
actual hardware, this function 1is realized by many modern bench
type voltage sources which are either keyboard programmable or
receive digital programming instructions from a bus connected
controller. Moreover, all linear ATE system voltage sources fit
this description. We have used this functional module in several
test methods, in particular it has been used to implement the
various digital-to-analog converter circuits that have been
described in the slash sheets test circuits for ADCs and DACs.

5.4.2 Accuracy Specification

Under this heading we studied the entire range of specifications
for test instrumentation that may be critical to a specific test

for a specific device. These specifications include accuracy and
resolution of voltage, current, and waveform stimulus and
measurement equipment. Also, harmoni