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PREFACE

This report was prepared by General Electric Ordnance Systems, 100 Plastics
Avenue, Pittstfield, Massachusetts, for Rome Air Development Center, Griffiss
Air Force Base, Rome, New York, under contract F30602-80-C-0057. 1t covers
the period from January 1980 to January 198l.

The work on this project was performed by the Electronic Circuits Engineering
Operation of Ordnance Systems. Project responsibility was held by Mr. John
Kulpinski of Circuit Design Engineering. Key individuals who made significant
contributions to this work effort were Messrs. Thomas Hack and Theodore
Simonsen of Circuit Design Engineering and Messrs. Larry Deluca, John Dunn,
Robert Mossman and Jamie Schwehr of Circuit Test Engineering.

Mr. Thomas Dellecave, RBRA, is the Project Engineer at RADC for this contract.
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SECTILON 1

INTRODUCTION
Objectives

The overall objective of this work effort is to characterize and specity
MIL-M-38510 ("General Specification for Microcircuits”) detailed slash sheets.

Generally, "characterization” of a device type includes several related tasks:
o Assessment of test parameters, limits, and test conditions.

o Development of test procedures and test circuits compatible with
automatic test systems.

o Analysis of limits and verification of test circuits via sample
device testing and data evaluation.

o Assessment of device performance, identification of anorolies.
0o Generation and verification of detailed burn—-in life test clrcuits

Concurrent with characterization, detailed MIL-M=-38510 siusn shieet developnent
includes:

o Formulation of Table I, Electrical Performance Characteristics
selection of test parameters required by military users and
determination of test conditions and limits, compatible with
automatic test methods and with device yield.

o Formulation of Table IT, tlectrical Test Requirements; Table 111,
Group A Inspection; Table IV, Group C End Point Electrical
parameters.

o Design of static and dynamic test circuits, terminal connection
diagrams, steady-state power and reverse bias burn-in circuits,
accelerated burn-in and lite test circuits.

All of the above activity is either guided by or reviewed by the manufacturers
of the devices involved, and by Rome Air Development Center (RADC).

All of the characterization and specification effort performed is based upon
the fundamental objectives of the JAN 38510 program - namely quality,
reliability, interchangeability, and standardization.




Scope or Applied Eftort

The specitic tasks included in this eftort are the chardacterization and
specification of the rollowing generic device types:

o Peripheral Drivers
o Core Drivers
o Multiplying DACs

Originally, sense ampliricrs and lince drivers were also planned tor
characterization. Lack of vendor interest and support plus discoantinued
production by one vendor, led to cancellation of that efrort and addition or
the multiplying DAC etiort.

Backyground

General klectric Ordnance Systens, one ot 166 operating product departments ot
the General Electric Company, develops and produces precision
clectromechanical and electronic nilitary systems. Current activities inclade
developnent, desipn and production or rire control and guidance systems tor
the Navy's TRIDENT Fleet Ballistic Missile program, the MK 73 Gun and Guaided
Missile Divector (TARTAR), the MK 80 Director (AEGIS), the PHALANX close—in
weapon svstem, MK 45 Gun Mounts, turvet drive and stabilization svstems for
the Armv's Intantry Fighting Vehicle, advanced torpedo propulsion, and jet
¢igine controls.

As users of microcircuits for military systens, Ordnance Svstems has also
performed clectrical characterization of certain linear, digital, and
interface microcircuits for MIL-M=38510 specitication under previous contracts
to Rome air Development Center. These specification acitivities date back to
1971 and include scventeen separile contrictse

General Flectric bhegan this current eftorc in MIL-M=-38510 nmicrocircuits on
January of 1980, haviag previously completed similar characterization and
specification contracts in 1976 — 1979, Philusophies lor establishing
parameters, limits, and test circuits for conveantional devices like op amps,
comparators, logic devices and data converters were developed and covrdinated
with RADC, DESC, and the device manufacturcrs.

This current effort extended past efforts to a new class ot devices,
periphernl drivers and memury core drivers, and thus established important
sroundwork in the developrent of automatic tests and specitvications tor
high-speed, high-voltage/current logic drivers.

Currentl s there are approximately thirty completed and in-process
lincar/interface slash sheeots in the MIL=-M=38510 program. Six slash sheets
are devoted to op amps including the bipolar “standards”™, followers, BIFETs,
quads, high-slew-rate, and lo-pouer and lo-noise BlIFETs. Comparators,
transistor arrays, and precision timers are contained in four slasi sheets, as
are CMOS aand JJFET analop switches. Voltage repulators are specitfied in six




separate slash sheets, and precision voltage reference in two others, Three
slash sheets arce devoted to D/A converters, and one each to A/D converters,
sanple/hold circuits, peripheral drivers, memorv core drivers, and linc
drivers and iine receivers.

Develonaenr of Slash Sheets

A procedure for deveioping new stash sacets to MIL=M=38519 has cevolved through
negotiations anong all concerned parties. bevice sclection is influenced by
aser needs, which {s determined frown the narketplace and from organized
committees, such as the Military Parts Control Group (MPCAG) at DESC, the Gl2
Soiid State Ela Device Comnittee, and the Microelectronics Project Group of
the Hlectronics Systens Conmmittee of AlA. These recommendations are balanced

wilh manutacturer recommendations obtained via the JC-41 Committee on Lincar
Hqiceocircnits.  bDevices of recent vintagpe, having high usapge, multiple

appiication potential in military systems, proven performance, and two or nore

sourcues dre given priorvity.  Single-sourced devices are acceptable, especially

Tor hwvbrid devices, althougi maltiple sources are preterred.  Availability of

devices, and expressed nanutacturer interest ia supporting slash shect

developaeat are additional important considerations,  Momalactarers tvpieally

reconnend devices for slash sheet action in GC=3! Comnittees, aid then chair

JU=41 Subconuittee for preparation of slash shoet paranmcters, lTinits, and test

cir-uits.

Toe induastry data sheet forms the basis tor the nilitary specitication
parasclers and linits.  Typically, such data sheets do not specity all or the
SOCeSSAryY parariclors over the nilitary tenperature range and over the common
wwode voltage ranses.  The JC~41 Subcomnittee, or the device manutacturer,
usually prepares a proposcd spec which contains more information than the
industry data sheots  Contlicting items are negotiated in committees or via

direct contact with manutacturers.

Sata provides another base for determining parameters and limits. Devices for
test are purchased tron distributors and are also obtained from manufacturers
via RADC request.  Test circuits, compatible with automatic test systems, are
develoned.  The devices are tested on a Tektronix 83263 Automatic Test System
at GE Ordnance Svstems Hlectronic Test Center.  Data obtained at -55°C, +25°C,
and + 1259C ambient is correlated to bench or vendor test data, analyzed,
reduced and docunented in data handbooks.  Recommended limits are compared to
the statistical sample data; parameter limits which are grossly inconsistent
with the data are readily identitied.

Specitfication additions, changes, and alternate approaches are discussed at
the comnittee level.  Deviece anomalies are identified in lab bench tests,
Failure nodes are also ideatitied.  User caution notes are added to the
specification iU it is deewed appropriates

Surn—in circuits are usually recommended by the manufacturer and evaluated by
RADC and/or GEOS on the available test samples. An objective is to minimize
the number of external components while stressing the device near its limits.




Rouyh draft copics of tihe final slash sheet are prepared at GEOS and are
rorwarded to RADC for review. DESC distributes copies of this spec to
nanufacturers and users for final comments. Following assessment of the
conments by all concerned parties, DESC prepares and issues the slash sheet.

Chardacterization Data

Data obtained during device characterization is usually published in handbook
torm separate from this document. Samples of the data sheets, histograms, and
pluts, arce included in this report. The following data handbooks were

published during this contract effort:

Characterization Data Tor MLIL-M~38510/129, Peripheral Drivers
(Commercial Types 55450 - 454, 55460 - 464) Jan 81

Characterization Data for MIL-M-38510/127, CMOS Multiplying DACs
(Comimercial Types 7520, 7521, 7523, 7541) Jan 81

rormal Meetings Attended (GF internal mectings not included)

JC=41 Committee on Linevar ICs

tfeb. 5, 6, 1980 - Phoenix, AZ
June 10, 11, 1980 - Washington, bDC
acte 7, 8, 1980 - Burlington, MA

RALC/GE Meetings

Jan. 25, 1980 Contract Plans Pittsfield, MA
Mar. 4, 1980 Contract Status & Plans Rome, NY
Aus. 13, 1980
-
Sl ] - -




;
g
3 SECTLON 11
AUTOMATIC TEST DEVELOPMEL.
; TABLE OF CONTENTS

R
= 2.1 INErodUCLionNe o o o o o o o b e e e e e e e e e e e e e e e dim
,é 2.2 Tektronix S3270 Test System Featurcs. o o o o o o o o & o & o Ll-=}
F 2.3 Tektronix System ACCUTacies o o o v o o e 4 o 4 o o o o « & » L1=2

2.4 Correlation v o o v o o o o & o o o o o o o« o o o o & o o o & Lli-3

3 2.5 Data Reduction. o v v v v o ¢ 4o 4 o o v o o o 4 & o & o 0 4 e ilm4

"




SECTION 11
AUTOMATIC TEST DEVELOPMENT

Introduction

The Interface Microcircuits & linecar characterization eftforts required
the accunulation and subsequent reduction of vast amounts of test data.
For both ol these tasks, GE made extensive use of a Tektronix $-3270
test system and a Textronix software development system.  This section
will describe the test systemn and the general approach to expanding its

capabilities. A toew displays of rawv and of reduced data, which have been

developed Tor the device evaluations, will also be shown. Although
several of the data displuayvs are somewhat standardized, many of the
Lincar device types required the developnent of unique data displavs in
order to ettectively illustrate device pertormance in an easily
dimestible tom.

Testronix 5=3270 Test Svsten Featares

Toe test systen is fally equipped to provide a state-of-the—art
engineering tool tor device charactervization. The CPI162 Svstenm

Controller has the Date/Time Option that gives the ability to store date

and time information in the dircctory and data files.  Svsten
peripherals include a 4014 Graphics Display Terminal, two CPL10 Dise

Drives, a CP224 Reader/Punch, and LA180 Decprinter 1 and a 463) Hard
Copy Unit.

For voltage and curreat neasurenent and device stimulation, the svsten

contains:

1504 et Station, which contains many test functions and all
electrunics to interrace the device under test (DUT) to the system.
2943745 Clock Generators, whiech provide 10 driving and 4 comparing
gropramieible phases.

Option o Vnveforn Digitizer, which provides the capability of
converting 1000 points on a waveform to 10-bit digital values.

Once the waveform is thus stored in memory, software can be used
to deternine such things as rise time, overshoot, settling time,
etc.

Six progranmmable voltage sources.

Two progranmable current sources.
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Temptronix 450A Tenperature Chamber, which allows programnable
DUT temperatures from —~60 deg C to + 160 deg C.

LEEE Bus Interface Card, which allows the addition of liili 488
compatible equipnent to the systen.

With these hardware components, the test : 'stem has the following
features:

Acconnodates up to 128 active pins (b4 Inpat, nd output)
Functional testing at 20 Milz; orce, coupare, nass and store
at 20 MHz

DC Tests: Differeatial voliaie Leasurewnts:

: ; force V, neasure 1
torce 1, neasure \

»

v

Dynanic Testing:  Repetitive aad one-=oi0U tine nedasarenents;
tunctional precondit foaing

GO/N0-GG and analyvtical test capability

dn=line interactive progran develaopuent

Ligital wavetorm analysis (1 sanmple/picosceond)

DUT enviroanental control (~ou deg € to 160 dey C)

Data togeing and veduction.  Computer sraphiics display

Teatronix Syvstem Accuracy

The linear test programs were developed to utilize the iaternal
Textronix measurement/stinulus hardware as nuch s as possibles Hou

for manv measurements, the Tektronix systen could not provide the
required accuracy.  In these cases, wore accurate external eguaipnen:

was ulilized via the IEEE 438 Bus., Two disadvantages in using external

equipnent are:

1) additional core is required to store the 438 bus
control routines and,

2) execution time for external functions is significantly
longer than time to execute internal Tektronix functions,

ACTO




Table 2.1 lists instruments which are available for use with the
S=3260/70.

Table 2.1 IEEE-4388 Interfaced Instruments.

Manufacturer Model Description

Fluke 8502A Precision Digital Multimeter
Hewlett Packard 34554 Precision Digital Voltmeter
Hewlett Packard 42624 LCR Meter

Hewlett Packard 5323A Universal Counter

Fluke STI0A Calibrator

Kepco 488-122 Power Supply Programmer

ICS Electronics 4880 Instrument Coupler

Hewlett Packard 2240A Measurement and Control Processor
North Atlantic 225 Phase Angle Voltnmeter

Figures 2-1 through 2-13 illustrate the accuracies of the internal
Textronix measurenent and stimulus tfunctions. Also, for certain internal
functions, the accuracy of the external equipment that provides the same
function, is displayed for comparison.

On many occasions, neither the internal Tektronix equipment nor the
external equipment had sufticient accuracy, or response time. These
cases required test adapter circuitry to interface the device under test
(DUT) to the test equipment. These cases will be described in the
appropriate chapters covering the individual linear device types,

Correlation

Testing linear devices on the Tektronix system has required the
implementation of many new test techniques. Each new technique, whether
in the form of adapter circuitry or software, must be veritied as
accurate. In general, the first step ot verification was to determine
that the technique is designed to provide a measurement that is at least
10 to | times more accurate than the tolerance of the parameters. For
instance a parameter of 5,0 volts plus or nminus 107 nust be measured by
a meter that is at least accurate to plus or minus 17 when measuring 5.0
volts.
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Veritfication of accurdacy also included comparison of data taken by the
new technique tu data taken by an alternate method ~ usually on a bench
circuit. When data from the two techniques did not agree, an analysis
of error contributions was performed and corrections made if it was felt
that tune error was signiticant,

Correlation ot Textronix test data for periplieral driver devices to
bench data uncovered some Jdiscrepancies. One discrepancy involved the
inaccurate specitfication of worst case test conditions for output
switching times. Correlation uncovered the discrepancy and led to
reconnended changes tv the slash sheet.

Data Reduction

The presentation of test results is extrenely important in any
characterization effort. Raw data printouts are required for recurd,
but are usually not organized in a manner that enables one to scan then
to assess ygeneral parameter trends.

hata Tables
For the linear devices, the tirst step in data redaction was organiziag
raw data into tables. Figure 2-14 and 2-15 illustrate two variations ot
data tables.  Filgure 2-14 illustrates data tasen fron multiplying D/A
devicese  Figure 2-1% is the rorm of table used for the Periphertal
Jriver devices.  The left hand entries indicate the test parameters and
test conditions.  In Figure 2«14 the data trom a particular device is
vntered in the colunn beneath the temperature at which the data was
tarkens  In Figure 2-15, the data tawcen tor tive devices at a particular
temperature, is entered in columms. “ote that in both figures the low
test specification limit for ecach parameter is on the left of the device
data and the high specification limit is on the right hand side of the
data. This enables the reader to nore easily determine if a neasurcnent
on a device lies mathanatically between the specitication limits.

Data Summaries, Line Graphs

Data tables, for the multiplying D/A with its large number of data
points are toeo voluminous tor a reader to nentally reduce and detect
trends.  Therefore the larre quantities of data nust also be presented
in a sunnarized torn.

Figure 2-16 is a1 plot of linearity crror (in LSBs) tor all codes between
oand 800, The plet is one of five sheets developed tor each 7520
multiplying D/A device. The linearity plots were very instrumental in
veritfving the vffectiveness of an abbreviated linearity test for 7520
nultiplving D/A devices.  Although two scperate sheets were required
for cacn aevice under ecach set of operating conditions, one set ot
sheets allows one to quickly assess qualitativelv, the lincarity error

ar 1024 codes.
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Texktronix software included a basic histogram routine which was modified
by GE to provide the variations shown in Figures 2-17 and 2~18. Figurce
2~18 has grouped tiirty devices according to hFE. The histogram ditters
from the basic Tektronix histogram in that the bars are filled in and
dafe sceparated by a narrow non-darkened region. Figure 2-18, another
histoygram variation, groups the codes from a single multiplying D/A
device, according to the magnitude of each code's error. This type ot
plot is very useful ia comparing general lincarity error characteristics
2f one device to another,
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3.1

Section (1IT

(Characterization of pPeripheral Drivers)

[ntroduction
Devices for interfacing between TTL logic &1d the outside world have
been a requirement in military svstems for as long as TTL logic has
been emploved in these systems  The devices selected for characteri-
zation provide great flexibility in application. The devices can be
used as highespeed logic buffers, power drivers, relay drivers, lamp
drivers, M0S drivers, line drivers, and memory drivers. Table 3-1 gives
some specitics on the devices tested and their relationship to the
militarv slash sheet device types.
Table 3-1. Table of Device Types Specitied.
Militarv ceneric Manufacturer Peripheral
Device bevice Symbol Driver
Type Tyvpe Description
12901 55450 N,T Dual NAND gate and transistor
(separate)
12902 55451 N,T Dual AND, gate and transistor
connected
12903 55452 - Dual NAND gate and transistor
connected
12%4 55453 N,T bual OR, pate and transistor
connected
12905 55454 - hual NOR, pate and transistor
connected
12906 55460 - High voltage 55450
12907 35461 N,T High voltape 55451
12908 55462 - High voltage 55452
12999 55463 N Hizh voltage 55453
12910 35464 - Hipgh voltage 55454
N = National Semiconductor
T = Texas Instrumnents

The manufacturer svmbol column reflects the source of the devices
which were characterized,

tr-1
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test system, The adapter has the ability to test all static and static

pulsed parameters required for characterization of the 55450 and 55460
peripheral drivers.,

The adapter consists of Op Amp and transistor circuitry used to force
the proper pulsed conditions on the DUT, while stimulated by the
§=3270., Actual signal paths to the DUT are implemented by relay
control and routed to the S-3270 for testing., All other static tests
are performed using the $-3270 driver and measurement system capabilitv.

hFE Tests

—

Within the ''static" test parameters, measurement of hpp was the most
difficult. Manufacturers' data sheets specify a ty = 300 us with a
duty cycle £ 2%. Bench testing indicated that hpp testing could be
accurately performed with t = 100 us and a duty cvele of 270 the

data sheet specification altows time tor the servo circuit used in b

.. R
measurements Lo reacn its tfinal value. A major convern was to mini-

mize the citect of device sell hicating o parametler measuremoent,

The Forward Current Transfer Ratio (ngp) of the 55450, 55460 peripheral
driver is automated usine the circuit shown in Figure 3-4 in con~
junction with the $-3270 and the Tektronix Waveform Digitizer option
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Vivure 3=, hpg Test Circuit.
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The criteria for measuring hpp is to force Vgr and Iy to predescribed
levels vhile servoing the base curreat, Tj; to achieve these levels,
The Forward Current Transfer Ratio hpp becomes

hFE = IC/IB with Vop constant

The Vop pulse level from the $-3270 is applied to one input of the base
drive and comparator amplifier circuit, Al, while the other input to
amplifier Al monitors the Vep level of the DUT. The output of amplifier
circuit Al servos the base current Iy until the DUT's Ver voltage

equals the input stimali from the $-3270. The collector current I is
forced to the proper level by the relationship of (Ve = Vi) /Rg, since
Vg and R were fixed.

Buffer anplifier A2, senses the voltage drop across resistor Ry, which
is proportional to the base current Iz. The buffer amplifier A2 was
configuraed in a differential mode to reduce large common mode voltages
present on Rp and to provide increased gain for sinule-ended measure-
ment capabilitv need by the WFOD.

1

iouce 3.y illustrates a digitized voltase pulse from across Rg.
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Sivure 3-5, hFE measurement waveform.
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The voltage translates to 4.370 mA of current. Since the collector
curreat was at 300 mA, hpgp is therefore 68.6,

The pulsed measurement techaiques were used with Vg of 3V at cur-
rents I; of 100 mA and 300 ma.

Vge and V(E (SAT)

The Base to Emitter Voltage (Vgg) and the collector to Emitter
Saturation Voltage (VCE(SAT) pulsed parameters are measured by using
the circuit of Figure 3-6 for $S-3270 and WFD option 20.
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Fi.g\.l['e 3-6. VBE, V(‘L(SAT) test circuit,
The requirements for these tests are to force a given base drive and

collector drive current undar pulsed conditions, while measuring the
resultant base-to-emitter and collector-to-emitter voltaves., These
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are accomplished by applving an $-3270 proyramned voltave Vy to one
input of comparator amplifier A2, The other input to amplifier A2
monitors the voltaue V' lozated a one end of resistor Rp, causing the
ouatput of A2 to servo the voltage VB' until it exactly equals the input
stimali voltage vy, applied frem the $-3270. When these conditions

are met, the DUT base current has been rforced to the proper drive cur-
rent level by the relatiounship of

o ' »
Ty = Qg = Vg ) /Ry
since Vyp and Ry are constants
The collector current (IC) is rorced to the proper conditions in much
the same wav as Ty, with the exception of a much higher current provided

by amplifier Al. The rcelationship ot $-3270 input stimali Vo to
forcing carrent T, becomes

. !
e = (Veg - Ve ) Ry
Figure 3=7 illustrates dinitized wavetorms of Vepsapy an! Ve paran-
eters tor a tyvpical 553450 device using a base -urrent fp - Loy and o
collector current of 100 wA respectivelv,

VIL Threshold

Input Vpp threshold tests are Jdeveloped for the $5-3270 test svstem to
determine the mar;in betwaen cuaranteed VIL max = & U.8 vV oand the
actual Vi input switching point.

Reterring to Fipure 3-8, the tests were implemented by pulsine input A,
while sanpline the output for a change 1§ state.

Tnitia. Level
Device v f—
Input '
l.ov .
Na
| | X LLAY Prog. Level
ot (sequential A step)
Device ! ! -
Output OH
Nt “o A+ time device output is emmpied for awitored state. VOL

Figure 3-8, Vyp Threshold Test.
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The initial level starts at + 2.0 V and 2ach succeeding pulsce is
decremented by =10 mV, puring the low level of the pulse, tue devive
output is sampled for the Vg4 state. If the output fails to switch
durin: the sampling time, the input pulse is returazd to + 2,0 V anl a
b new pulse, with a level lowered by - 10 wW is applied to input A. This
bt process is repeated N times, until the output switches to Vpap, at which
point the Vyy value is recorded

Vi Uhreshold

The input Vyy threshold tests are performed in a similar manner to the
Vi threshold tests with the exception of the initial pulse level anl

A the delta increnent (refer to Figure 3-9).
1.3V Prog. Level
K (sequential A step)

by L.V

Device oLy Initial Level

Input | |
K. o)
! i
-Jod !
} l | OH
3 Device i {
. Uutput Ver,
- Note: 1. A = time device output 1is saapled for switched state.
»
. A Qutput
-~ B
Figure 3-Y, Vpy Threshold Test.
~
¥ - The initial level starts at + 0.8 v and cach succeeding pulse is
incremented by o+ 10 V., During the high level of the pulse, the
J device output is samplel for the Vg state, 1£ the output fails to
» aciteh o the Vg state during the sampling time, the input pulse is

cetarael to 2 0,8 vV oand a new pulse, with a level increased bv + 10 v,
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This process is repeated N times, until the output switches to Vg, at
which point the Vi value is recordad,

Tewns Teuls TrLis TpiL

Transition times and propagation delay times for device types 7:-10)
were measured using the §S-3270 test system, the Tektronix High Per-
Lormance Option (HPO) and a specially constructed test adapter.

The HPO option provides for high accuracy time measurements, skew time
corrections, low Jdevice pin capacitance (18 pF) and buffered scope-
tyvpe compensation on all device output pins connected to the $-3270
svsten, A simplified HPO circuit diagram is shown in Figure 3-10,
indicating the different signal paths, attenuators, and output compen-
sating networks to provide high accuracy measurements, Correction
factors such as skew time between $-3270 sector pins, comparator
oftsets and output compensator networks are all handled uader separate
$=3270 calibration procedures to ensure integrity of the system.

Ambiguities can occur as a result of time measurements dependency on
supplv voltause, temperature, load circuit consideration, layout and
test equipment inaccuracies,

Figure 3-11 is the schematic of the load circuit for TTL gates that
was proposed by JC~-41.

vce

igure 3-11, Jc=41 load circuit for TI'L gates.

This circuit is used to simulate 10 standard TTL loads. Comparison of

output waveforms obtained with this circuit loading the 55450 "gate"
output versus 10 standard TTL wates loading the same gate showed
similar results, (See bviyure 3-12A, B).
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Figure 3-12A

Tpry using JC-41 load circuit
VCC = 4,5 V.

L.Ill‘l‘==lnl

1

Figure 3=128

Tpry using 10 TTL gate loading
Ve = 4.5V

The JC~41 load circuit, however, does not simulate worst case loading,
The 4002 resistor only gives 10 times the nominal Igp at Vgor. No
provision was made for simulating Igy loading. ¢p isn't high enough to
reflect the maximum input capacitances from a TTL gate (approximately

5 pb).

The JC-41 load circuit also increases the ambiguity in propagation
delay time measurements,

Propacation delay times are measured at the l.5>wlt points on the input
and output waveforms. The flat region in the output waveform occurs
near 1,5 V., Propagation delay times can vary by as much as 4 us as a
result of placing the output decision point on the low side or the

high side of the flat regioun in the output waveform. This is clearly
unacceptable.

The circuit shown in Figure 3-13 has been used as the load circuit for
testing the TTL gate portion of the peripheral driver ICs.
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To Qutput i _H
_I_ R = 2.5V17
CL‘SOPF I 6K VB * LSVl Y

Figure 3-13. Recommended TTL gate load circuit.

This circuit eliminates the ambiguity in propagation delay measurements
and also stimulates worst case loading. Cj was raised to give a
realistic value for ten TTL gate input capacitances (5 pF/imput). Ry
was added to give 10 x ITyMax . Rp is selected to give I, = 10 x TypmAx
at VoLMAX-.

Figure 3-14 shows the output waveforms that result after changing the
load to the recommended configuration.

Figure 3-14

TpLy using recommended

load circuit
Voo = 4.5V

This additional load capacitance increases Tpyy, and the flat region
previously noted is eliminated because reverse recovery in D] occurs

through a higher effective impedance., This eliminates the propagation
delay measured ambiguity.

Switching time measurements for the output transistors and for the
complete peripheral drivers were also measured with a C;, = 50 pF to
reflect a more realistic value of load capacitance.

Supply voltage variations from 4.5 V to 5.5 V have resulted in vari-
ations in switching time measurements of up to 2 ns. The majority of
devices exhibit slowest switching action at VCC = 4,5V so this has
been selected for these measurements.
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lefer to Yigure 2-1% tor a graph of tvpical variation in switching
parameters with Vcc.

Tthl Cl=5aFPfd laol=200ma Rl=Svohms

SLL TIME Nl

n

19
£
- ~
3 ~
13 B ~
£ N !
t ~ i
5 F - [
1 = ~. .
13 R :
4
13 S
- ~.
St ~ .
: T
¢ T~
te - ~
b
3
£ i
e &
¢
- E _— 4 da a4 g [ a4 i i N i Y Lo
4.2 4.2 4.4 4.6 4.8 5.9 5.2 £.4 5.6 C.R ]
DIovoLTe
lcu s 1. !,
figure 3-15 Lup VS Ve

Transition time tests were the most difficult to implement, since they
involved switching times in the order of 10 ns or less. Careful con-
sideration to the test adapter layout, inductaice, capacitance and
sronading were critical to easure that clean output switching waveforms
could be achieved,

Figure 3-16 shows typical output transition waveforms from three dif-
ferent vendors,

1t should be noted that the output transitions are different in the
807 - 1007 and 07 - 2% regions for each vendor.,

Correlation of $-3270 transition and propagation time data to beach
data was verified by using three independent methods. These verifi-
cation methods are as follows:

1) Measure data on bench circuit using oscilloscope.

2y Measure $-3270 test alapter on bench using ovscilloscope,

3) Measure $~3270 test adapter on $-3270 test system using
oscilloscope,

T11=-15
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Figure 3-1ovA

Vendor A

Trin

Figure 3-164

vendor 1

Trin

Pigure 3-160
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3.4 Test Results and Data

A total of 85 peripheral drivers were tested on GEOS' Tektronix $-3270.
Each device was sequentially tested at 25°C, -55°C and 125°C.

A typical data sheet for a group of 55450 devices is shown in Table
3-4, Data for up to 5 devices is displayed on a single sheet, This
method simplifies comparison of different devices at a single tempera-
tures,

The data was also recorded in the form of histograms for selected
parameters at three temperatures. (A sample histogram is given in
Table 3-5.) 1Included were the following:

55460 tTHL trLH
ETLH tpyL
tpyrl tp
tpLu2 tRr

ts
tp

bpg 1,2 VeBOl
Ve 1,2 VeERL
Vee 1,2 ViEo

ETLH tpHL
55453 CTHL tPLH
tTLH LpHL
55461 ET L EpLit
trLu tpHL
23463 ETHL tpLH
CTLH tpHL

This data was published in January 1981 for RADC in a 211 pg handbook
entitled:

Characterization Data for MIL-M-38510/129
Peripheral Drivers




o

(55450, =451, =452, =453, =454
55460, =461, =462, -463, -464)

Sample data sheets and histograms have been included in the Appendix,
Discussion of Results

Most of the test data taken on the 55450/55460 tamily of peripheral
drivers was within the limits proposed by the JC-41 Commnittee. The
exceptions were the result of changes in test conditions (for example,
changing the load circuit for timing tests}). Although data on a
number of parameters fell within a relatively tight spread relative to
the test limits, no attempt was made to tighten the test limits due to
the relatively small number of device samples. The exceptions are
noted below.

Short-circuit output current (Igg)

As originally specified, the Ipgyryn specification was tested at Viemax:
but Iosyin is lower at Veoypye To ensure that Ipg would be within the
test limits over the ful& supply voltage range, IpgyMiN 1s tested at
V(T(:‘\H:‘; and IOSM;\\' is tested at VCCMAX'

Threshold voltage (Vp)

Threshold testing of the peripheral drivers gave results that were
within the expected range of values. The nominal Vi was approximately
1.3 volts at Tp = 25°C with a d Vp/dTp approximately =3 mV/°C. This
agrees well with measured Vr values for standard TTL.

Breakdown Voltage, Vepg, VCER»> VEBO

in all devices tested, Vepo was gpreater than 17 volts (or nearly 507)
above the minimum breakdown limit. For Vgggr, all of the devices were
vreater then 22 volts above the minimum test limit,

Vendor A showed sliphtly lower Vgpg than Vendor B (approximately .5
volts lower on the average).

There were no significant trends observed in breakdown voltages versus
temperature,

A1l breakdown voltages were taken with the substraits pin floating.




3.6

3.7

Static rorward Current Transfer Ratio (hpg)

The JC~41 Committee test conditions specify that hpg is to be measured
under pulsed conditions with t,, = 300 us and a duty cycle < 27, The
devices were tested over a range of values for ty with the duty cycle
fixed at 27, with neglipyible changes in the measured values. T,, was
chanved to ty = 100 us to simplify test hardware.

At Ty = 25°, all measured hyps' exceeded the minimum test limit by
sreater than two to one. As expected, hpp tended to increase with
increasing temperature over the full temperature range. 1In all cases,
the devices tested exceeded the minimum test limit by a reasonable
margin.

Slash sheet Development

The militarv specification (MIL-M=38510 slash sheet) on the peripheral
drivers was developed in parallel with the characterization effort.
The majoritv ol the slash sheet Table I parameters and limits were
recommended by the JC=-41 Committee on Linear Integrated Circuits. The
major changes occurred in the switching time test load circuit and the
Vee specification for the switching tests. As a result, the switching
parameter test limits were relaxed as needed to accommodate the new
test conditions., Also, the Ing testing is now specified at both
extremes in supply voltage in order to have the test data reflect the
worst case,

conclusions and Recomnendations

85 peneric 35450/460 peripheral drivers were tested on GE0S' $-3270 to
characterize their clectrical parameters. Bench data was taken to
validate $=3270 operation, With the exception of switching time
parameters, the devices were well within the test limits,

The switching time of the devices was slowed as a v+ ~:1t of the revised

test conditions. The test limits for these parameters have been
widened to accommodate the test changes.
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APPENDIX = SECTION III
PERIPHERAL DRIVERS DATA

SHEETS AND HISTOGRAMS
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SECTTON LV

MEMORY CORE DRIVERS
M1L=M=-3383510/130

4.1 Introduct ion

Ihe 53325/326/327 Lamily of memory core drivers is the tirst line ot
core drivers to be characterized tor RADC.  Ba.cd on higzh previous
atilization ot these devices in military systems, botihc Jo=as
Instruments and Fairchild Semiconductor recommended chavacteriszation
ot these devices, 1t is expected, however, that usige nonew military
systems will be onoa decline,  Table 4-1 pives some specitic: on tne
devices tested and thedir relationship to the military =lasi sheet
device types,

fable 4-1 Table ol Device Types Speciticod
Device Cuneric Manatfacturer Ot put
{ype lype Syibol Conbivuration
L30=01 »3325 i, 1 Dual source and dual < ink
13- 1320 , 1 Quad -1inx
L30=03 Y5327 F, T Quad sonrcye
Fos Palrchild semiconductor (discontinuced mid= (9500

= Tesdas Instruments

The manutacturer symbol colunm retlects the source o i devices

which were to be chavactericeds  Other vendors prodoce the 23325
but were not Dnceluded in the characterization cilovt - incee they did

y
!
i

not exproess interest in the devices,  FPoudrehild semory core drivers
woele charactetri '\'d. Fhe e devices wore &:‘L&C\‘]l[ inued 1‘\ l'\lil‘Cil‘le
atter characterioation,  fexas instrument ' components woere

received too Late to be chavacteviced,
.2 Deseription of Doevice 1}'1>L‘:v

Phe 0325/ 320/327 tanily of devices provide 600 mA ol Lource or -ink
capability 1or memery cove driver applications,  Block diacrams of
the various devices are given in Flgore 4=1) and detailed schematics
e civen in Ficore +~20 0 The input circuit of the cove drivers is
tdentical to that cocd in a standarvd I'TL wates  However, the totem
pode driver and the cutput stawe ave designed ditterently in ovder
to o deliver aicher oantpot currents, to provide level translation tvow
tandard TL levced s to hivher cutpunt voltases, and Lo provide o

sothed ot contrebbing masimum ovtput corroent,
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the primarvy ditterence between the 55325, 55326 and the 55327

memory core drivers is their output arrangement. The 35325 provides
two source and two sink outputs., The 55326 furnishes 4 sink outputs
and the 55327 has 4 "source outputs',

Test Development

The test development for memory core drivers was similar to the bench
test development for peripheral drivers (see Section 3.3). Vig, VL
VLK’ s l[H’ s [CQ (off)> lecy and Igeo are tested in much the
same way as they are for standard TTL gates,

3

All other test parameters require special consideration, however,
since they involve pulse measurement techniques or high speed switch-
ing ot the devices under test,

A simplified schematic tor the static test circuit is included in
Pigore =3, (The actual test box developed contained all of its own
loads, drive signals and power supplies.

Schematics of the switching time test circuits are included in
tigures 4=-40 5 5, 4-0 and 4-7. Automatic tests were not implemented
for characterization of this device family,

Test Results and Data

A total otf 24 memory core drivers were bench tested at Ty = 25°C.,
Sample test data of devices parameters is included in Table 4-2,
lesting tne 55325 family ot devices 1s straightforward, requiring
simple load circuits and TTL type test conditions. Testing is
complicated, however, by the large combination of input and output
contivurations required by the device under test,

Tests that requive wnusual techniques are described below:

. . H - . ' 1
Saturation "Woltaae!', \(SATI

VisAT) is measured using pulse techniques,  The manufacturers data
sheet specitics that t, = 200 us with a duty cycle of <2, The
devices were measured over a range of repetition rates and duty
cycle s the measured Vep(sam) was relatively insensitive to changes
in both test conditions,.  (Refer to tigure 4-3.)

Mdls parameter must be measured at the DUT pins to minimize measure=
ment vrror,
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: 2. RL = 3¢0 onms =59 carbdon. ]
i 3. 32 = 36 snms * 5% carbon.
L, R2 = 22 onms ¢ Y carbton.
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Z > 5) onms - For testing ¥ after switchin
’ oout =, . CH, LT
;™ PRR = 12.%kiz, sy = <0uS - Tor all otner tests.
PRR - C.2ul, t,. = 200nS.
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V(SAT) = RT:
Rep Rate = 10
Duty Cycle = 27
*
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' V(SAT) = .38
» Rep Rate = 10
Duty Cycle = 207

' Figure 4-8 Sacuration Veltaze v haty Cvele
for 55325 Dovice




hadad

switching tnacacteviatios I'Libs Prins Pl ey

The following guidelivnes were usod to on ure aecarste and tepeatable
switching time measurements:

1, Test circults were built ov vround planes to minimize induced

noise through signal vetarns cad o noiaamicc cireuic induciance

High frequency wiring techinigues wers uocd thrcughent,

2. ALl power supply voltage pins were bypoooca an close to the
device under test (DUTY s pes ibi L ppty Tines woere
| Py
then checked for noise with the DU avitoirin g,

3. The total bandwidth of the cocilloncope wmaintrane, plug ine,
and probes were selected ool vovitied o provide anooverall
oscilloscope measorewent bondwidth of 3Ho Thie e clhiis trans-
lates to an oscilloscepe viocStall vine cagh o

S ALL probes were adjusted vor oroner conmens s oo

5. The time skew between chanceis o0 o o dlose pe wrs nollod
vul,

6. The input signal to the D0 was terv i ton to cantad o Tl
reflections, The input =ivnoi Piac o made a0 hort as

possible to shorten the time ivaro derrn

reflections might occur,

7. Supply voltage: were carctolly vesoiatod o {oim oo switcohing
Uime measarement errovs dae o oopiy colto vard ction,

S, Load capacitance woas adjosted tor probe oop

Most ot the switching paramcter to: st worte n Copoctod) however,
one anomaly was discovered Do Dppyp coedstoo s ale ab the vource oubputs
tor the 55325 devices.  As shown o iioae =9y e aiah te low -

put transition shows q very hign iaitial tope, bt coadenly tlattoens
out approximately 10 ns atter the Tart b b cutput trans it ion,

Figure 4=9A

f'.”” source output, »5325
Vendor A

('1’ = 2 pt

N 1 K

S,




Fivure +-98

Vo, source output, 59032
Vendor B
o= 2 opt

one pussible explanation tor this cliect involves reverse recovery

action in the output stave

As shown In Floure 4-10 cthe =ioplit oo sciemat oo dilase oy,
source section ol the 9932 vonsi-ts ot U tandard Y i
tollowed by hich voltave totem pole driver ond an emitter
tollowver outpnt, sume that the foput s beitially in o booac
low ~tate,  Qy Ix ott, cassing the Davlioncton oaic (oo 1070 ot
Qy and Qv to be onoand Qs to be ottt
Heit vy, \31 in Cot .
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As the totem pole driver (consisting of o, Q3 and Q4) changes state,
the bias voltage across the emitter junction of Q) changes from the
forward direction to the reverse direction. Reverse recovery action
begins in the emitter of Q;, tending to discharge Ci, rapidly through
the emitter of Q) and through Q2. After recover, Q; 1is cut off and
CL is left to discharge through R;,. Hence, the output of the core
driver shows a two slope transition. The steep initial transition

is due to discharge of Cp primarily through Q1, and the flatter
portion of the transition occurs as Cy discharges through Rjp.

A similar effect could occur with emitter breakdown of Q) during a
high to low output transition. Further work is needed to investigate
the exact cause,

I~
o

Slash sheet Development

The military specification (MIL-M-38510 slash sheet) on memory core
drivers was developed in parallel with the characterization effort.
As the test circuits and procedures were proofed out in the taking
of device data, they were also incorporated into the slash sheet.
With few exceptions, the proposed slash sheet Table I parameters and
i{mits are the same as in the manufacturers data sheets. Limit
cranges were made only to switching parameters. An anomaly was
obscrved in TTyi at the source outputs for the 55325. Further
investigation Is needed to tully understand the cause.

Conclusions and Recommendations

oS
~

Twenty-four generic 55325 series memory core drivers were bench tested
at GEOs, The devices tested in a predicatable fashion and within
manufacturers limits except for selected switching time measurements.
The data and slash sheet parameters and limits will be reviewed bv
interested manufacturers prior to issuance of MIL-M-38510/130,
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SECTION V

MIL-M=-385

10/127

CMOS nultiplying digital to analog converters were initially introduced

in late 1973 by Analog Devices.

Since then these devices have been used

in many applications and scveral other manufacturers have incorporated

“hen into their product lines.

converters to be specified in MIL-M~-38510/127.

5.1 Introduction

Table 5-1.

bevice Generic

Tvpe Type
D1 AD75235
62 AD7520U
03 AD75210
04 AD75417
05 AD754 17T
06 DACI20LD
o7 DACI220LD
08 DAC1218LD
0Y DAC1220LD

*Manufacturer Code

.’\3
o
1

X
A

1]

Analog Devices
Micro Power
Intersil

Manufacturer
Code *

AN
AN, LN
AL TN
Al
A, L

lational Semiconductor

**Best fit linearity.

Later deleted

meeting, 12 Feb 81.

Table of Device Types Specified.

Multiplying
D/A Converter
Description

8-bit res.,
10-bit res.,
12-bit res.,
12-bit res.,
12-bit res.,
10-bit res.,
12-bit res.,
12-bit res.,
12~bit res.,

All others are specified with

v-1

in slash sheet per agreement reached

8-bit
10-bit
10-bit
12-bit
12-bit
10-bit
10-bit
12-bit
12-bit

Table 5-1 shows the CMOS multiplying DA

lin.
lin.
lin,
lin.
lin . *%
lin.
lin,
lin.
lin, %%

end-point linearitv.

at JEDEC 1C-41
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A reconnendation for characterization and possible slash sheet action
was nade by the JC-41 Committee to RADC. Some device features which
should sustain this recommendation are as ftollows:

l. First mouolithic 10-pit D/A converter. (AD7520)

? Many potential applications and user options.

3. Cost effective with other competing process technologies.

4. Bevice is sourced by sceveral manutfacturers.

5. Low power dissipation,

ne  Usase i nilitary svstens is high,

Description ot Device Types

Liw Mo series ot nultiplving D/A converters are fabricated with a

deposited tain tiln =28 ladder over g CMOS inteprated circuit., A

tanct tonal scbeadat ic o o tvpical circait is shown in Figure 5-1.

10n 10n [ 3
LT O-'f‘ A - —$ > — N
[l
2.‘\)‘ 20% 20 20n 20k
S yS 2 S3 SN
A J -4 A
.zt JT .T i
i & ! & : - —Olouns
[ 1 I
" ! i | ¢ —QOlourt
] | \ i 10,
i ! ! $ [—»vw-()“ruonc!

BIT 1.MSB) BIT 2 8IT 3 BIT N (LSB}

DIGITAL INPUTS (DTL. TTL CMOS COMPATIBLE)

AR

Fiysiio =L Nos Multiplving /8% Converter

P R=08 dadder restistors consists ot silicon-chromium material
arrvaaced to provide the ncetworn shown, In one vendor's design,
the se resistors bave norinal values ot 10 K ohms and 20 K ohms
witll an absolute temperature coetticient ol approximately

4y ppn/od and g tracking temperature coetticient ot better
than 1 ppn/ol,

Whea o voltage is applied to the reterence terminal of the structure,
the precision of the bhinary division of current is governed by the

natehing of the: resistors and the drop across the associated switches,
For proper oper on the output terminals loutl and Tout?2 should

Lo as close to nd reference as possibles  The CMOS switches of the
inteprated cir tructure are shown schematically in Figure 5-2.
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Figure 5-2. €CMOS Switch Schematic

With the application of a DTL/TTL/CMOS compatible logic signal, two
CMOS inverters assume the proper states to drive their respective
output switches such that one is "ON" and the other “OfF". The end
result is that the same ladder current 1s steered in either direction.
A logic "high"” input results in an Toutl switch position and current
flow.

Most applications of these R-2R ladder and switch networks iavolve an
external operational amplifier configured as a current to voltage
converter. The feedback resistor for this op amp is one of the
deposited thin film resistors. Figure 5-3 shows how both devices are
connected together to form a voltage output nmultiplying DAC. The
digital input word determines the states of all of the bits from the
MSB (Most Significant Bit) to the LSB (Least Significant Bit), All

of the binary currents gated through logic "1" positioned switches flow
through the feedback resistor to the op amp output. Therefore,

Eo = -Ioutl * Rfb

The current Ioutl is the product of the reference voltage and the
digital binary fraction divided by the R-2R ladder iunput resistance.

Ioutl = D * Eref/Zin
where

D = B1*(1/2) + B2*(1/4) + B3*(1/8) + ... BN*(1/2 expN)

Bl thru BN are 1 or O.

4 emag




ANALOG 1001y R-10k 501y R=10k 251y R=10k 126v R-10k 0.02v
WNPUT

Vaes — — — —
05mA 0.25mA 0.125mA 0.0625mA
2R 2R * 2R ‘ 2R ‘ 2R 2R
20k 20K 20k 20K 20k 206
10mv 10mv 10mV 10mV
SWITCHES .y Ron Ron Ron Ron TERMINATION
w0 o 0 80! 16052 640.! ‘
i ' ' I
' t I 1 i D Uy &
| 1 | ] 77 1
DIGITAL ! L ! b—ss— |
INPUTS ! ! 3 h
— ar1d * * dait2 dair3 BIT4 BIT 10
MSB) (LSB)

Regepeack

Eo = lour, RreepBack

EXTERNAL WHERE
OP AMP lour, *

Nowgae , 1001001
1024 10kt

Figure 5-3. Typical Voltage Output MDAC Application

tor the wore common 2-quadrant nultiplication application of an 8 bit
device as shown in Figure 5-3, the relationship between digital input
and analog output is as follows:

\

. Digital Input Analog Output

; 1t 111l ; -VREF * (1 - 1/2 exp 8) = - VREF * (255/256)

st ao0e ssee

1000 0001 -VREF * ((1/2) + (1/2 exp 8)) = VREF * (129/256)
10v0 0000 -VREF * (1/2)

"; 0000 B0 ; ~VREF * (1/2 exp 8) = =VREF * (1/256)
-
LG 0GG0 | 0
L]
|
1]
‘ ;

- . - . . S we i e e e mrege — v g ® oy s - — .- -
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This current mode DAC has an output impedance which varies with
the input digital code word. Parasitic output capacitance
interacting with this variable output impedance can result in
poor closed loop response (cither reduced bandwidth or

ringing). A compensating capacitor across the output amplifier
feedback resistor is recommended. Since the output impedance
varies, the noise gain of the output op amp will result in a
variable gain to noise and offsets. The op amp should therefore
have low offset, low offset drift, and low noise. Also grounding
techniques should be given careful consideration.

5.3 Test Development

A variety of devices were procured from three manufacturcrs as shown ia
Table 5.2.

Table 5.2. Device Types for Characterization.

Generic Manufacturer Quantity Date Code
Type

AD7523UD Intersil 10% 7947
AD7523TD Intersil 6% 7947
AD7520UD Intersil 11% 7947
AD75200D Analog Devices 15 8006
AD7520UD Analog Devices 10 8019
AD7521UD Intersil 12% 7947
AD7521UD Analog Devices 7% 8030
AD7541KD Intersil 15% 7949
AD7541TD Analog Devices 10 8038,8021
DAC1218 National 10% 8045

*Data was submitted with the devices.

Much of the test development for the CMOS MDAC characterizatioun originated
with the work done in characterizing the AD562 D/A converters. Many of the
test techniques are similar,

CM0OS MDAC Test Parameters

At a JC-4] nmecting in August 1979 the manufacturers presented a proposed
CMOS MDAC Specification. A list of parameters is shown in Table 5-3.

PRl M e e a2 D




Table 5-3. Test Parameters for Characterization.

item
No Syabol Test Parameter
0 tee supply Carreat
2 lret Reference Input Current
3 LIL Digital Input Leakage Current (logic 0)
4 {14 Digital Input Leakage Current (logic 1)
5 1Zs Zero Scale Current (IOUT] at logic O input)
) d125/dT Zero Scale Current Drift
7 1zs Zero Scale Current (I0UT2 at logic 1 input)
3 +dVFS Gain iError (Full Scale) with +10V Reference
9 ~dVFs Gain Error (Full Scale) with -10V Reference
16 dVFS/dT Gain Error Drift
11 +PS3 Power Supply Sensitivity (+ 1V change)
12 ~PSy Power Supply Sensitivity (- 1V change)
13 i Linearity Error (End Point)
14 LE(BF) Linearity Error (Best Fit)
15 MCE Major Carry Error
1% T Feedthrough Error
17 tSL Output Current Settling Time (low to high)
13 t SHL Output Current Settling Time (high to low)
19 Co Qutput Capacitance
20 en lloise (broadband)
L
'
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Test parameter items 1 through 15, except LE(BF) were sctup to be measured
on GEOS' S5-3270 Automatic Tester. All of these parameters are static.

The static test circuit is shown in Figure 5-4. This circuit is very
similar to the one used in testing the AD562 D/A Converters. There were,
however, several essential differences which had to be made. Since the

CMOS nmultiplying D/A's use a variable reference, it was decided that data
had to be taken for several reference voltage conditions. Thesc conditions
were chosen at + 10 V, - 10 V, and + 1.25 V. A Fluke 5100B was used to
generate the different reference voltage levels. The 16 bit reference D/A
converter was renotely located from the adapter through a ribbon cable so
that it could be used with other test adapters. In order to maintain volctage
accuracy at the adapter U6 error amplifier, the reference D/A output buifer
U4 has its output to feedback connection made at the error amplifier outpu:.
Also a ground driver U2~U3 is used to force the DUT and adapter ground

to be at the same potential as the external reference D/A. The IO0UTI1

current output of the DUT is converted to a voltage by means of op amp US.
Since a millivolt of op amp offset voltage at 10 volts full scale causes a
0.01% linearity error, it is important that this offset be trimmed out,

In other words, loutl and lout2 nust go to virtual ground and output

ground for proper operation. The offset adjustment of U5 is done with
relays Kl and K4 enerpgized. For any digital code word between zero scale
and full scale, the test circuit and software are mechanized so that nearly
equal and opposite voltages are generated by the reference D/A at the output
of U4 and the DUT at the output of U5. The differences between these
voltages is amplified by U6 with a gain setting of 100 V/V and appears at
adapter output pin 21.

Since the reference D/A is accurate to 16 bits, it is assumed perfect and
any error is charged against the DUT. The inverted voltage output of the
DUT D/A at US is determined indirectly as follows:

EDUT = Eo/G - EREF D/A

EDUT = -Eo/100 - 10(N)/2 exp B
where
G = -100 V/V is the error amp gain
N = decimal equivalent of the input digital code word
B = number of bits

An inspection of the static test circuit shows that if the measured output
voltage is positive, EDUT, although negative in polarity, has a greater
magnitude than EREF D/A. Consequently, the DUT output has a positive
scale error with respect to the Reference D/A,

The imaginary non-inverted value of the DUT D/A can then be written as

EDUT' = Eo/100 + 10(N)/2 exp B

V=T
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If a 12 bit MDAC at full scale had a measured adapter output Eo of U.!
volts,

EDUT' = 0.1/100 + 10(4095)/4096
EDUT' = 0.001 + 9.99756 V
EDUT' = 9.99856 V

The full-scale error of the device in % can be determined from

+dVFS = [(-Eo(FS$)/G1)/9.99756]) x 100%
+dVFS = [(Eo(F$)/100)/9.99756] x 100%
+dVFS = 0.1 Eo(FS) % VFS

+dVFS = (0.1)(.1) = + 0.01% VFS

In millivolts the full-scale error is + dVFS = (0.017% of 10,000 maV = 1 m\.
The linearity error of the DUT output transfer characteristic from zcero
scale to full scale is perhaps the most important parameter to be measurced.
For characterization, GEOS's procedure has been to measure the adapter
output error for all digital input codes. Thus for a 12 bit converter 4096
discrete measurements are required. Automatic calculations are then done
to determine the deviation of each DUT output point from a straight line
between the DUT's zero scale and full scale end points. Figure 5-5 shows
the transfer characteristic of a hypothetical poor device compared to an
ideal device. VR

| _
| 999756 ey
Analog : 7
Qutput | Actual Curve ' ->» ,v////
voltage i Ideal Curve —— - B :
! ’ ” ~{:Perzecv ererence Line
+ /’ / ‘
b ' ’ ’/
P -
s
VG5 2
3 ¥
n  20000CO00000 111111111311

Applied Digital Input Code

Figure 5-5. CMOS MDAC Transfer Characteristic.
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After the linearity error is determined for each point the dita can be
automatically plotted as shown in Figure 5-6, or it can be summarized by
listing the individual bit errors and the worst casc positive and worst
case negative bit errors and associated address codes.

By comparison the remaining parameters to be measured with the static

test circuit are determined quite easily. Relays K! and K3 are energized
to measure the zero scale currents at IOUTI and I0UT2 using US as a

current to voltage converter. Input reference current, which is a function
of the 10V reference and the impedance of the R-2R ladder network is
nmeasured directly by enerpgizing K2 with all bits high.

Feedthroush crror, scttling time and output capacitance were deternined

with separate test fixtures as shown {3 Figures 5-7, 5-8 and 5-9,
+15v
Ve RFex
| .V
Q“OYPP VReF ovT
® PV, T.
|00 IKRE
GO
MsB LSB

Figure 5-7. Feedthrough Error Test Circuit.
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Representative data sheets are shown in this report as follows:

Table 5-4 Typical Mfr. Code A Device Data Sheet
Table 5-5 Typical Mfr. Code B Device Data Sheet
Table 5-6 Typical Mfr. Code C Device Data Sheet
Table 5-7 Mfr. Code A Data (10 devices at 250C)
Table 5-8 Mfr. Code B Data (10 devices at 250C)
Table 5-9 Mfr. Code C Data (10 devices at 250C)

Figure 5-10 Histogram of Gain Errvor (20 devices)
Figure 5-11 Linearity Error Distribution Histogran
Figure 5-12 Linearity Error vs Input Code Plot

Figure 5-13 Linearity Histogram at VRgf = + 10 V for S/N 2
Figure 5-14 Linearity Histogram at Vggp = - 10 V for S/N 2
Figure 5-15 Linearity Histogram at Vggp = 1.25 V for S/N 2
Figure 5-16  Linearity Z1Ot at Vec = -i) %
Figure 5-17 Linearity 2lot at Vec - -3 ¥
4
V-l3




Discussion of Data

The characterization data in all forms was reviewed to see how well
it compares to the original limits proposed by the JC-41 Committee.
A discussion of this data on a parameter by parameter basis follows:

POWLL supply Current (I.c)

The power supply current is much less than the indicated 100 uA limits
when the digital inputs are at 0 V or V.. respectively, CEOS' data
for these conditions is wrong because in making the measurements,
full-scale was set at the 100 uA recomnended limit while the actual
current wvas typically less than 1 uA., As a consequence the machine
accuracy and otfset error swamped out the reading to be measured. This
data was retaken on the bench and, except for one device, all values
were less than 1 uA, When the dipital input levels were set at the
0.8V to 2.4 V TTL compatible levels the supply current increased
siunitficantly, thus indicating more leakage in the OFF transistors of
CMOs switches. At =53°C several vendor code B devices just exceeded
the 2 mA maximam limit, CGEOS recommends that the =55°C limit be
raised to 2.5 ).

Reivionee current (IREF (), IREF(=))

All of the data was between 0.8 and 1.3 mA compared to the 0.5 to 2 mA

)

Linmits This current reflects the value of il ~="» lolier N2ULWOrK.

Divital fnput lLeakage Current (Iyp, Ity

The individual device sheets were set up to indicate PASS or FAIL to
summarire the results if any of the ten or twelve digital inputs had
a failure No failures were recorded and the histograms indicated a
spread between U and 43 nanoamperes,

zero scale current (Izg, Iyzg')

Typical device data was much less than the recommended limits of

t/= 200 nA, LExcept for one maverick device which measured -149.5 nA

at 125"¢, all other data was between ~11 nA and 0., GEQS recommends
that the limits be reduced to * 100 nA. Tt is believed that the single
unt~pical value could be a measurement error because it does not agree
with submitted vendor data.

Veld




zero Scale Current Drift (dIzS/d™)

A review of the data indicates that limits of +/- 400 pA/°C would be
reasonable. There was no JC-4l1 recommendation on this parameter.

Full Scale Error (+ dVFS, - dVFS)

The distribution of data between - 45,6 mv and 17.6 avV was well within
the + 100 mV recommended limits.

Full Scale Error Drift (dvFs/d.)

All of the data is within the * 10 ppm VFS/V limits,

Power Supply Sensitivity (+ PSS, = PSS)

The distribution of data is very much tighter than the recommended
limits of ' 100 ppm VFS/V. CEOS recommends that these limits be
reduced to : 50 ppm VFS/V.

Linearity Error (LE)

Linearity error is one parameter which cannot be negotiated. The
linearity has to be within 1/2 LSB to meet the stated accuracy
requirement. Most of the data is well within the # 1/2 LSB limits,
Figure 5-12 shows how the linearity for a typical device varies with
its input code. Figures 5=13, 5-14 and 5=15 show the linearity
histograms of onc device (S/N 2) with Vggp = + 10 Vv, = 10 V and

+ 1,25 V respectively. Because of the apparent independence of
reference voltage level the specification requirement to test at all
three levels may be reduced to testing at + 10 V oplya

Feedthrough Error (FTE)

All ot the data for devices from vendors A and B were under 8.5 mVpp.
These devices are within their 10 mVpp limit. Vendor tode C devices
had feedthrough errors as high as 19 nvpp. These devices satisfy
their 25 mvpp limit,

OQutput Current Settling Time (tgry, tsHL)

All devices had data values within the recommended 1 usec waximum
limit,

oulput Cap.citance  (J0)

ALl device data saristion Lhe 0= Committee's rocommenies Limits.

V=14
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Slash oueel Development

“he slach sheet, MIL-M-38510/127, was aeveloped as a joint effort or GEOS
and the JU-4%1 Comnltice /Subcommittee. The majority of the test parameters
were cutablished early in the slash sheet development in a JC-41 Subcom-
mittee meeting. One major change has been the deletion of +5V as a rec-
cormended operating supply voltage. All-codes data taken on a 7520 device
from vendor A showed excessive linearity errors and difrerential linearity
errors, especially at +1299C. A comparison of one such sample of data
taken at wo supply voltages is shown in the Appendix, Table 5-16 and
Table 9-17. Gi0S' recommendation to limit operating voltage to +15 volts
was adopted by the JC-4l committec.

A major goal of the characterization was to develop an abbreviated test
for linearity. 1Initial all-codes testing of the 7520 linearity error
showed that the abbreviated test used for the 562 12-bit D/A Converter
specified in MIL-M-}SSlO/lQl was invalid for the 7520, since it did not
t'ind the worst case codes having maximum iinearity error. The following
approach to an abbreviated Lest was developed by GE and is proposed for
the slash sheet;

1. Measure all combinations of the rour MSB's with the lower order
bits OFF.

2. Measure each of the lower order bits with the four MSB's OFF.

3. Determine the code word with the most positive predictable error
based on the above tests, and measure that error. Repeat this
measurement but with all lower order bits complemented one at a
time.

L. Repeat the third group of tests above, but with the most negative
* predictable error codes.

This abbreviated tesi is done in Group A at threc temperatures. An all-
codes test at three temperatures is also required on a sample basis in the
slash sheet.

This device is used as a multiplying DAC in many applications. Therefore,
it is also necessary to test its ability to convert digital inputs with a
negative reference voltage applied. GE has characterized the 7520 device
at three refence voltage levels: +10v, - 10V, and + 1.25 V. Linearity
2rrors are comparable at all three reference levels, although in many cases
the * error is slightly greater at minus ten volts than at plus ten volts.
In order to guarantee the performance for both polarities, the abbreviated
test 15 also required to be run at both plus and minus 10 volt levels,

and at - 1.2> volts,fhjs; requirement Will be further negotiated with the
JC-41 committee.

Table I, Blectrical Performance Characteristics, MIL-M-38510/127, is
included in the rollowing for reference.

v-16




5.7 Conclusions and Recommendations

The 7520 10-bit DAC(and the 7523 B-bit DAC which is manufactured using the
7520 chip) has been characterized and is judged suitable for use in mil-
itary systems when procured via MIL-M 38510/127. Device manufacturers
will review the characterization data and proposed slash sheet before

the issuance of the final slash sheet.

The 7541 12-bit DACs have not yet been fully characterized at the time

of writing of this report. That effort will be completed and
integrated into the final released specification.
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MIL-M-38510/127
REV - ORIG.
DATE - 1/26/81

Table 1. Electrical performance characteristics. l/
Conditions:
Characteristic Symbol Vcc = + 15V, Vref = + 10V, Device Limits Units
paragraph 3.4 and Figure 7. Type Min Max
Supply current Icc All digital inputs at OV All - 100 uwA
from Vecec All digital inputs at Vecc All - 100 uA
All digital inputs at 0.8V All - 2 mA
All digital inputs at 2.4V All - 2 mA
Reference input Iref All digital inputs Vref= 10V All 0.5 2 mA
current at Vec
IOUT]1 and I0UT2 Vref= -10v All -2 -0.5 mA
grounded
Digital input IIL All digital inputs at 0OV 01-05 -1.0 1.0 wuA
leakage current All digital inputs at 0.8V 06-09 -200 1.0 wuA
LIH All digital inputs at Vecc 01-05 -1.0 1.0 wuA
All digital inputs at 2.4V 06-09 ~-1.0 100 uA
Zero scale 1Zs All digital inputs at 0.8V All -200 200 nA
current 128 All digital inputs at 2.4V All -200 200 nA
Zero scale dIZS/dT All digital inputs at 0.8V © ALl (later) pA/ocC
current drift
Full scale +dVFS All digital inputs at Vec, All -1 1 ZVFS
error I0UT2 at OV. Vref = +10V
-dVFS As above with Vref = -10V All -1 1 ZVFS
Full scale dVFS/dT Change in +dVFS from -25°C to All -10 10 ppam
error drift 125°C and from 25°C to =55°C VFS/°C
Power supply +PSS, All digital inputs at Vcc; All -100 100 ppm
sensitivity at -PSS I0UT2 at OV VFS/V

full scale from
Vee.

VCC = + 14V to +16V
Measured at IOUT1 and Rf
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Table I. Electrical performance characteristics. l/ (continued)

——

Conditions:
Characteristic Symbol Vecec = + 15V, Vref = + 10V, Device Limits Units
paragraph 3.4 and Figure 7. Type Min Max

01 -0.2 0.2 7VFS

Linearity error LE Measure the following:
(end point) 1. All combinations of the - ——
2/ most significant four bits 02 -.05 .05 %VFS

with the lower order bits
turned off. = eeemeeememeeeo
2. The individual lower bits 03 -.05 .05 ZVFsS
with the most significant
four bits turned off. =  ——emmm—mmmmmmee——
3. The code word with the most 04 =-.012 .012 %VFS
positive combination of
bits in groups 1 & 2 above, =—=————mcmemoc——ew-
4, The code words derived from 05 -.012 .012 Z%ZVFS
group 3 with all lower
order bits complemented ——— -——
one at a time, 06 -.05 .05 ZVFS
5. The code word with the most
negative combination of ————— e
bits in groups 1 and 2. 07 -.05 .05 ZVFS
6. The code words derived from
group 5 with all lower = = -—————-=-———————euo
order bits complemented one 08 -.012 .0l2 %ZVFS
at a time.
7. Groups 1 through 6 with = ——=—-eccoemece—————
Vref = -10V, 09 -.012 .012 ZVFS
8. Group 1 through 6 with
Vref = 1.25V.
9. Group A sample - all
code combinations of the
digital input bits.

- —— - ——— o —— — ———— —— " > — —— S " o = - ke T ——

Bit linearity LE (BF) If any end point linearity 05, -.012 .012 %VFS
errors tests fail, certain devices 09
(best fit) may be tested to a best fit

criteria. The vendor shall
specify the criteria (l.e. 3/4
or 7/8 scale adjustment) and
repeat all of the linearity
tests,

- —— - . "+ —— — - - s D VSN - e mm b e T TV MR AR W AR e e - ———— + = = mm e




Table I. Electrical performance characteristics. 1/ {continued)

Conditions:
Characteristic Symbol Vecc = + 15V, Vref = + 10V, Device Limits Units
paragraph 3.4 and Figure 7. Type Min Max

0l -0.4 0.4 XVFS

Major carry MCE The difference between -
errors ad jacent codes at all 02,03 -0.1 0.1 X%VFS
(differential na jor transitions. 06,07
linearity) ({.e. from OlII1111l = =ecemmeemmmmceeee
to 10000000) 04,05 -.025 .025 %VFS
08,09
Feedthrough FTE Vref=20Vpp, 100kHz and all 01-05 - 10 mVpp
error digital inputs low. TA=25°C, -
Group D only. See Figure 8. 06-09 - 25 aVpp
Output current tSLH All inputs switched simul- All - 1 usec
settling time taneously, low to high and - ——
(to 1/2 LSB) tSHL  high to low . TA=259C, All - 1 usec
See Figure 9. 3/
Output Co All digital inputs at Vcec
capacitance See Figure 10. Co at 10UT! All - 200 pF
TA = 259C Co at IOUT2 All - 75 pF
OQutput Co All digital inputs at 0OV
capacitance See Figure 10. Co at 10UT! All - 75 pF
TA = 259C Co at 10UT2 All - 200 pF
Noise en The single source of noise Al 6.5 40 Kohm

is the resistor network,
which characteristically
has Johnson or thermal
noise. 4/

- —— = - - - ——— - o S S —— -

1/ See definitions as described in 6.5.
2/ Linearity is specified to be within 4/~ 1/2 LSB. Thus
an 8 bit device with a 10V reference must have end point
linearity to within 1/2 of (100%ZVFS/2exp8) = 0.195 %ZVFS or 0.2 ZVFS.
3/ For each device type, output current settling time is the duration
from the digital input transition until the output for a 10V analog
1rput transiiion .s within 1/2 LSR of final value.
4/ Tre R-=2R resistor network has Johnson or thermal anise. Noi.e at
) the DUT output {s related t¢ tne noise resistauce value according to
en = SQR(4KTRn(BW))
where K = Boltzmann's constant = 1,38*%E-23 joules/%K
T = Absolute temperature in ©K
Rn = Rf(14+Rf/Ro) changes with Ro and the digital code word
BW = Bandwidth in Hertz.




MISSION
of
Rome Air Development Center
RADC plans and executes nesearch, development, test and
selected acquisition programs in Auppou o Command, Control
Communications and Intelligence (C31) activities. Technical
and engineering suppont within areas 0§ technical competence
<48 provided to ESD Program Offices | POs] and other ESD
elements. The principal technical mission areas ane
communications, electromagnetic guidance and controf, sur-
vedllance of ground and aerospace objects, wtd&cgence data
collection and handling, information Ay&tem Zechnology,
dLonospheric propagation, sobid state sciences, microwave
physics and electronic neliability, muwtunabw/ty and
compatibility.
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