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PREFACE

The work on thi, project was performed by the Electronic Circuits
Engineering Operation and Component. Engineering Unit. Project responsibility
was held by Mr. John Kulptnski of Circuit Design Engtn ertng . Key ind ividual.
who made significant contributions to this report were Messrs. Theodore
Simon.en, Richard Paskowaky, Donald Van Aistyne, Herbert Labb, and Jerry
Yaple.
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Acronyms and Symbols (Continued-)

True current output (DAC -08)
lo Complement curren t output (DAC-08)
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q/kT 25 mV at 25 °C
RADC Rome Air Development Center
S/N Serial number
SR(+) Slew rate (max A vo/ ,A t). positive
TA Ambient temperature
TC Temperature coefficient
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tpLH Propagation delay t ime , low-to-high
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output
Response t ime - high-to-lou level - collector

outpu t
TR( t~) Transient response, rise time
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Acronyms and Symbols (Continued)

— 9L Transistor - transistor logic
T T. Transistor - trans istor logic
V Complement of V
Vcc Supply voltage
V IN Input voltage
V10 Input offset voltage
V1O ADJ (+) Adjustment for input offset voltage
AV io/~~~T Input offset voltage temperature coefficient
VOL Output Voltage, Low Level
V~~ Output Voltage , High Level
V0p Output voltage swing (peak)
VR LINE Line regulation
VR LOAD Load regulation
V~~H Thermal voltage regulation
+VS Positive supply voltage
VSTA~~ Voltage start-up
AV .J~ /AV CL Change in threshold voltage due to change in

cc.nt rol voltage (timer) .
Data mean of X
Degrees centigrade

u Micro
uF Microfarad
uV Microvolt
us Microsecond
A Deltaa— Sigma
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EVALL~ITION

The objective of this work effort was to characterize selected linear
Integrated circuit devices and to generate MIL-M—38510 slash sheets for the
devices. The characterization effort includes determination of test parameters
and l imi ts, assessment of device anomalies , development of test procedures
compatible wi th automatic test systems, generation of burn-in and life test
circuits, and preparation of rough draft slash sheets . As a result of earlier
studies, specification and test philosophies were fairly well established,
and working relationships with the IC industry were developed. Device
selection for new slash sheets was based upon various coimnittee recoainendations .
Test parameters and limits were based upon JEDEC JC41 coninittee recoimiendations,
data from a representative test sample, and laboratory evaluation. Test circuits
developed were evaluated in the laboratory and on a Tektronix S-3260 Test System.
The entire characterization process is negotiated at the coniiittee level, from
proposed slash sheet to dated issue.

Slash sheets were generated for the following device types:

TYPES

MIL-M-385l0/llO Quad Op Amps 124, 148, 149, 4136 & 4156
/112 Quad Comparators 139
/113 D/A Converters DACO8 & DOCO8A
/114 B1FET Op Amps 155, 156 & 157
/115 Neg Regulators 120H-05, 120H-12, l2OH-15,

120H-24, 120K-05, 120K-12,
120K—15, l2OK-24

General Electric has done an excellent job In resolving differences of
opinion between manufacturers and users and expeditiously preparing draft
slash sheets for RADC review.

~~~~~~~~~~&4 f. ~~~~~~~
THOMAS L. DELLECAVE
Project Engineer
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SECTION 1

INTRODUCTION

Objectives

The major objective of this work effort is to characterize certain
linear integrated circuit devices f or inclusion in MIL-M-385l0 (“General
Specification for Microcircuits”) slash sheets.

Generally, “characterization” of a device type includes several related
tasks :

* determination of test parameters and limits
* development of test procedures, compatible with automatic test systems
* generation of detailed burn-tn and life test circuits
* preparation of a rough draft slash sheet

A secondary objective of this effort is to provide follow-up support
for maintaining existing linear MIL-M-385l0 slash sheets to current status ,
including support to Rome Air Development Center for manufacturer qualifi-
cation and related activities.

All of the characterization effort performed is guided by the fundamen-
tal objectives of the JAN 38510 program - namely quality, reliability, inter-
changeability, aixi standardization.

Scope of Applied Effort

The specific tasks were planned for this program in a meeting with Rome
- Air Development Center in July, 1977, when the following efforts were iden- -tified :

(1) Develop slash sheets for Quad Comparators, D/A Converters, Negative
Regulators and BiFET Op Amps.

(2) Provide support to MDC on development of a slash sheet for Analog
Switches.

(3) Assess pending changes to existing slash sheets and recomend
appropriate action.

(4) Support MDC in the evaluation of manufacturer qualification sub-
mittals.

(5) Interface with manufacturers as appropriate ; attend JEDEC JC-4l
comaittee meetings .
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Program Status

A total of 15 device types have been characterized in this effort:

TYPE

MIL-M-385l0/1lO Quad Op Amps 124
/112 Quad Comparators 139
/113 D/A Converter. DACO8, DACO8A
/114 BiFET Op Amp. 155, 156, 157
/115 Negative Regulators 12011-05, 12011-12, 12011 15,

12011-24
120K-OS, l2OK-12, 120K-iS,
120K-24

The /11.0 effort was a follow-on to a previous characterization effort;
this slash sheet was issued on May 28 , 1978. The Quad Comparator slash
sheet is complete and ready for issue in mid-1978. The rema ining three
slash sheets (/113, /1.14, /115) are not yet finalized , awaiting JC—41
response to unresolved problems with the devices and/or specifications. It

is anticipated that all of the problems will be resolved before the next
JC-41 comaittee meeting, scheduled for October, 1978.

Ordnance Systems has also provided consultation to MDC on the develop
ment of MIL-M-38510/Ill for Analog Switches.

Changes to existing slash sheets have been assessed and reco endat ions
made to MDC on the following slash sheets:

MIL-M-38510/ilO Quad Op Amps
/107 Positive Regulators
/104 Line Drivers and Receivers
/109 Precision Timers

* /101 Op Amps

The following meetings of the JC-41 Comaittee on Linear Integrated
Circuits were attended by the Ordnance Systems Program Manager:

August 23 , 24 , 1977 Sunnyvale , Cal.
March 7, 8, 1978 Dallas , Tex.
June 21, 22, 1978 Washington, D.C.

Characterization end specification activities were coord inated with
device manufacturers at these meetings .

1-2
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Background

Ordnance Systems began this effort  in July of 1977 , having prev iouslycompleted a related characterization program in 38510 linear. (Contract
730602-76-c-0345, Report RADC -TR-78-22) . Philosophi es for establishi ngparameters, limits , and test circuits were fair ly well established inmeetings of the JEDEC JC-41 Coemittee on Linear Integrated Circuits. Thesemeetings , held at four month intervals (approximatel y),  were attended byall of the major manufacturers of integrated circuits with one or two ex-ceptions . Representative . from MDC, the Defense Electronics Supply Center(DESC) , and Osnera l Electric Ordnance Systems were present at all of themeetings . Working relationships were developed with key personnel from eachIC company.

In order to improve the efficiency of the meetings, and to increase therate at which new specifications are developed, sub-conmtittees or taskgroups were established for several generic families, such as op amps/corn-parators, D/A converters , regulators , and analog switches . These meetingswere held to determine reconmiended parameters, limits, test circuits , andburn—in circuits to be presented to the ful l  coimnittee for approval.

Development of Slash Sheets

A procedure for developing new slash sheets to MIL-M-385l0 has evolvedthrough negotiations among all concerned pa rties . Device selection is
influenced by user need, which is determined both by the marketplace and byorganized cominittess , such as the M Ilitary Parts Contro l Group (MPCAG) atDESC, the Cl2 Solid State EtA Device Comaittee , and the Microelectronics
Projects Group of the Electronics Systems Committee of AlA . These recom-mendations are balanced with manufacturer recommendations obtained via theJC 41 committee. Devices having high useage, multiple application potentialin military systems, proven performance, and two or more sources are givenpriority. Single-source devices are acceptable, especially for hybriddevices , although multiple sources are preferred.

The industry data sheet forms the basi, for the military specification.Typically, such data sheets do not specify all of the necessary parametersover the military temperature range and over the common-mode voltage range.Th. JC-4l subcaimaitt.e, or the device originating company, usually preparesa proposed spec . Id.ally the device manufacturers would like to havethese proposed specs incorporated without further cons idera tion . However ,MDC and Genera l Elec tric experiences in this current program have showntha t all of the proposed specs have been defic ient , and are unsuitabl , for- • tsa uanc . “as is” .

1-3 
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Data prov ides another base for determining parameters and limits .
Devices for test are purchased from distributors , are also obta ined f rom
manufacturers via MDC request. In some cases , the industry-donated sample
is tested by a singi. manufacturer on a volunteer basis . The entire sample
is tested further on a Tektronix S3263 Automat ic Test System at GE Ordnance
Systems El.ctronic Test Center. Data obtained at -55 C , +25 C , and
+125°C ambient , is statistically ana lyced and reproduced in histogram format.
Recommended limits are compared to the statistical sample data . Parameter
limits which are grossly inconsistent with the data are readily identified .

Additions , chan ge. , and alternate appro aches are discussed at the
committee level. Device anomalies are identified in lab bench tests , often
using a curve tracer. Failure modes are also identified . User caution
notes a re added to the specification if it is deemed appropriate.

Burn -in circuits are usually recommended by the manufacturer and eva l-
uated by MDC and/or GEOS . At this time, there is apparent disagreement
among manufacturers as to the merits of reverse-bias burn-in vs. dynamic and
maximum dissipation burn-in .

Device schematics are presently included in MIL-M-38510 slash sheets .
A recent JC-~1 committee recommendation is to delete the schematics and to
replace them with a block diagram which shows the ba sic elements of the
device.

Rough-draft copies of the final slash sheet are prepared at GEOS and
are forwa rded to MDC for review. DESC distributes copies of this spec for
fina l comments , to manufacturers and users for final comments. Following
assessment of the comments by all concerned parties, DESC prepares m d
issues the slash sheet.

I
I
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SECTION II

QUAD COMPARATOR

2.1 3ackg*~ound and Introduction

In interfacing between low levelanalog signals and digital systems
there are many applications which make use of voltage comparators.
Zero crossing detectors , level/wind ow detectors , pulse height detectors
and pulse genera tors are popular application circuits of comparators.Quad voltage compa rators have some additional advantage where circuit
density and low power dissipation is required . Because of pin-out re-
strictions, offset voltage trimming and strobing are not available
options.

The 139 comparator was chosen for linear characterization and
MIL-M -38510 slash sheet action because it is popular among users, is
aultip le sourced from many manufa cturers and has good performance
characteristics usefu l for many application..

The MIL-M-385l0/l 12 specification originated from National Semi-
conductor ’s 124139 data sheets and a JC-4l joint industry recommendation
of parameter s , test conditions and limits . These recommendations were
then modified by the results of characterization studies at GEOS.

A new ingredient for characterization was tried out by having all
interested manufacturers ship typical devices to MDC. MDC unbranded
and serialized these devices. This m ixed industry sample was then
sent to AND (Advanced Micro Devices) a supplier who volunteered to test
the devices to their standard factory test tape. The data and devices
were then sent to GEOS via MDC for analysts.

In addition to reviewing the AND data , CR08 built a test fixture
and wrote a program for testing the device on its S-3260 automatic test
system. While the S-3260 adapte r and program were being developed ,
severa l devices were analyzed on a Tektronix 577 curve tracer. The
curve trace r was useful in observing how each of the standard parameters
(Viø, ± Z ig etc.) changed over a range of test condition voltage . Dev tce
trends and anomalies found with the curve tracer are useful in developing
the automatic test procedures.

The test program and slash sheet genera t ion were done in parallel
so that any problem. could be exposed and resolved .

2.2 Description of Device Type

• Device type 01 consists of four independ ent voltage compa rators
sharing a common power sour ce . Low power operation over a wide range
of supply voltage is possible because of th. current source bias ing

4 sch~~~ used . A schema tic circuit of a single comparator in the quad is

h — i
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shown in Figure 2-1. PNP transistors are used in the input so that each
comparator ’. common mode range includes ground for single as well as dual
supply voltage application..

The differential input voltage range is equal to the power supply
range. In low voltage applications, the input can exceed the positive
supply voltage without damaging the device. If large negative input cx-
curs ions are possible , diode clamp protec t ion should be added .

An open collector NPN transistor outpu t is provid ed with the device .
This permits compatibility with many logic systems . Also the outputs of
several comparators can be ti ed together for output OR’ing application..
In most applications an externa l pull-up res istor is required .

2.3 Automatic Test Development

From past experience it was decided that, in order to maximize the
data base from which characteristic limits and conditions could be speci-
fied, automatic test procedures would be developed . A test program and an
adapter card were developed for the CR08 Tektronix S-3260 Automatic IC
Test System.

Since the standard test parameters for comparators have been previously
defined in MIL—M-385l0/l03 aininum effort was required to define the nec-
essary types of tests. Limits recommended by JC-4l were used for initial
testing.

Figure 2-2 shows the test circuit schematic for the S-3260 adapter
and the MIL-M-385l0/ll2 specification. Any one of the four comparators
can be programmed into the test circuit. A forcing voltage VA applied tothe inverting input of the milling maplifier causes the comparator device
under test (D.U.T.) to drive its output to the same voltage. Frequency

~~~~~~~ compensation is provided by the .047 uf capacitor at the D.U.T. output.
All standby comparators have a positive IV bias voltage applied to their
inverting inputs. This forces base drive to each comparator’s output
transistor and thus defines its standby mode output state. For test
purpose. this tends to maximize the ~~ supply current.

Measurement of the static front end pa rameter. is permitted by the
1000:1 gain relationship between the D.U.T . d ifferential input and the
nulling amplifier output.

In order to permit response time asureaents to be mad e , the feature s
of the circuit shown in Figure 2-3 were combined with the basic circuit
of Figure 2-2.

Table 2-1 shows the programming conditions and equations for the teats.

- 
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2.4 Tabulation of Test Data

Measurements were taken on two sample lots as follows:

Lot I - 32 LM139’s procured from distribut ors

L Lot 2 - 99 124139’s supp lied by severa l manufacturers and initially
tested by Advanced Micro Devices, Inc.

Table 2-2 shows the cond itions and limits programmed into the S-3260
for testing the device.. A typical data output sheet is shown in Table
2-3. The astericka indicate parameter values that exceed the limits of
Table 2—2. Table. 2-4 , 2—5 and 2—6 are statistical data summaries of lot
2 for 25°C, -55°C and 125°C, excluding devices supplied by manufacturer

‘ “X” (code identifier). Group “X ’ was excluded because the individual
data sheets of these devices showed a imich higher incidence of failures
than the other devices.

The objective of each of these summaries was to get a comparison
between the statistical data and the initial (JC-4l) limits. Estima ted
limits were used when no other specification existed.

A figure of merit calculation was performed on each parameter-data-
limit condition. This figure of merit indicates how many standard devia-
tions (Sigma, ~~

) exists between the data mean ! and the low and high JC-41
specification limits. Since in a normal distribution 99.77, of the data
points will be within X~ ± 3~ , the figure of merit is one indication of
how tight or locse the initial limits are.

In practice a few “way-out” data points have a big effect on ~ and
• therefore figure of merit. To counteract this effect high and low reject
• limits (determined by judgement) were included. Any data points beyond

the reject limits were not used in the mean and sigma calculation..

The first data reductions yielded many figures of merit which were
high (greater than 5). Certain parameter limits were tightened and the
data reduction was rerun. Tables 2-4, 2-5 and 2-6 were generated with
revised limits; histograms were generated for all of the data groups.
Limit bars were drawn on each of the histograms, such as in Figure 2-4.
The perspective of a data histogram with limits is superior to any other
method . For the purpose of this report, however, the statistical s~-
man es are a condensed way to show the data-to-l imit relationships .

Table 2-7 gives a comparison betwe en the catalog limits , the JC -41
limits and the limits recommended by CR08 for the /112 specification.

S
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2.5 Discussion

2.5.1 Comparison of AND and CR08 Test Results

Since 99 devices were tested at both AND and GEOS it is of interest
to know how well the data compares. There are fundamental differences
between the data formats and some of the tests. The AND data is organized
in a matrix of test col~~~ts and seria l number roes so that variations in
pa ra meter value s between different devices can be checked. GEOS’s data
sheet format in Table 2-3 shows all parameters for a single device. Sev-
era l tables were generated to display data comparisons from both sources.

Appendix Table *2-I compares the AMD and CR08 data taken on S/N 1.
how welt the data compares is re lative and depends on certain criteria .

At CR08 and other facilities which manufactu re or test Navy Standard
Electronic Modules, correlation measurements per MIL-M-28787 are required
to demonstrate that data taken on one tester are traceable to the speci-
fication and the data of other correlated testers . MIL-M-28787 requires
that for parameter tolerances greaten than or equal to 3 percent:

Correlation tolerance — ± .11 (max limit - mm limit)

Using thi. criteria the AND and CEOS data correlate with only a few ex-
ceptions. Tabl• A2-2 shows an overall evaluation of the devices in terms
of good/bad or pass/fail criteria . For the front end parameters agree-
ment was fairly good.

Besides the data forma t difference. between the GEOS and AND test
results there are also differences in parameter types, parameter limits
and histogram groupings . AND type para meters , not tested at GEOS , were
± Swing and Vm at zero common mode . GEOS type parameters , not tested
at AND , were ~~~ drift, ‘i~ 

drift, ± 1IB at 5 V . ± at 5 V , CMR, ~~at 30 V and response times. The AND parameter limits differ from the
JC-4l limit, in Table 2-7 as follows :

I. V~~~at -55~~~T
*
j l25C ± 9 m V

2. ± 1
~g 

upper limit — 10 nA (max)

3. at -5Sf TA � 123°C — 0.5 uA

4. VOL at -
~~S TA ~ 125°C, lEn . ~iid 5V — 0.5 V (max)

- 
~~~~

, 5. Ig1~~~at •S5~~~TA~~ 125°C, l XI%. and 5V 5.7M (miii)

II..’

f’. • •_ w
~~~~ 

.
~ 

.
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Both the AND and GEOS individual data sheets have limit failures
identified. Although histograms exist for both data sources. These can
not be compa red directly because the CR08 data includes all four com-
parators in a quad, white the AND data has a histogram for each comparator.

A review of the CR06 individual data sheets gave the following yield
information with respect to the initial JC-41 limits.

G.E. Results (per quad)

1. Number of parts tested — 99

2. Number of defective parts — 19

3. Overall yield — 99
9; 

19 x 1007. 817.

4. 7. Vail — 1007. - 81% — 197.5. Individual vendor yield.

a) Cl - ClO yield — 
10- 2 x 100% 80%

b) P3 - PlO yield — 8 0 x 1007. — 1007.

c) X2-X lO yie1d 10
1
8 x 100% 207.

d) Ul - Ull yield — ~1 - 2 x 1007, — 827,
11 -

e) Jl - Jl0 yield — 10 - 1 x l007. 907.
10

f) Sl - S65 yield ’~~
4
1

3 x l 007. 79Z

g) Cl - G24 yield — 18 ~ x 100% — 94.4%

h) Rl - R20 yield — 20 - ~ x 100% — 857.
20

6. With the exception of the X parts most failure s involved bias current.

2.5.2 Input Offset Voltage Vp,) (± CM) 
-

As the parameter symbol suggests this parameter is measured over the
input common mode rang., which is from th. negative supply , usually ground,
and to within 2 volt, of the positive power supply. The histograms,
su rtes arid data sheets ind icate the ± 5 WI limit, to be well chosen for
th. four 25°C tests . The same tests at -55°C and 125°C had initial JC-4l
reco ended limit, of ± 8 mV Examination of the data shows tha t limits

h — S
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of ± 7 mV are very reasonable; 3.69 was the figure of merit of the worst
condition.

2.5.3 Offset Voltage Temperature Sensitivity A V!O/ oT

Most measurements were very much better than the proposed JC-4l limits
of ± 30 uV/°C. The theoretical oV 10/ A T for a simple differential input
stage would be 3.3 uV/°C x S — 16.5 uV/°C. With revised units of ±25 uV/°C,
the worst observ ed figure of merit was 5.74.

2.5.4 Input Offset Current ~~ (± ~~
)

For 25 ~ ~A ~ 125°C applications the JC-41 ‘io limits of ± 25 nA are
very reasonable. Although the data shows that 110 increases with decreasing
temperature the JC-4l limits of * 100 nA at -55°C are not justified. With
a compromise value of ± 75 nA , the yield on this -55°C value is much better
than that with ± 25 nA at the higher temperatures. The revised ± 75 nA
limit, correspond to a worst observed figure of merit of 7.52.

2.5.5 Offset Current Temperature Sensitivity 4110/AT

With cold drift limits of ± 400 pA/°C and hot drift limits of ± 300pA/ °c
the summarized data minimum figures of merit are 5.96 and 5.30 respec-

tively. The Jc-4l recommended limits were ± 600 pA/°c and ± 300 pA/°C for
cold and hot drift respectively. A figure of merit of 8.96 would result
with ± 600 pA/ C limits.

2.5.6 Input Bias Current + 113 (± cM), - 113 (± CM)

From a yield criteria, the bias current tests are the most difficult.
Since these tests over the common mode range, supply voltage and tempera-
tune have the most failures, it is of interest to see where they occur
and if a pattern is observable . Shown below is a tabulation of 118 failure.
for the different conditions.

25°C -55°C 125°C
+Vcc CM +113 11B +118 113 +Ifl - 11
______ ____ 

Miii Max Miii hlax Miii Max Mm Max Miii Max Miii Max

30V + 1 7 1 4 0 6 0 0 0 9 0 10

L 

30V - 18 0 18 0 0 0 0 0 3 0 5 0
5V + 0 0 1 1 0 1 0 1 0 0 0 2
sv - 2 0 4 0 0 1. 1 0 0 0 1 0

—100 —1 — 100 —l -200 —l —200 —1 —100 —1 —100 —l 
-

• 
~~

_
•~~~F

• - -
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These failures are based on a sample size of 396 (99 quad.) and are• supported by histograms . Some observations seen from this table , the
histograms and the individual data sheets are:

1. The 30 V negative common mode tests at 25°c have the most low
• . limit magnitude fa ilures .

• 2. The 30 V positive common sods tests at 25°C have the most high
limit failures, some of which are wrong polarity bias currents.

3. The bias currents increase with decreasing temperature.

4. Most 5 V bias current failures occur at 30 V also.

2.5.7 Common Mode Rejection CMR

The CMR limits of 76 and 70 dB limit at 30 V and 5 V respectively
are reasonable for the device. Moat observed CMR failures also had
V10 (+ CM) failures.

• 2.5.8 Output Leakage Current ~~~
The specified leakage current of 0.1 ~.iA max at -55’C~~ TA~ 25°C

and 1.0 uA at TA — 125°C L. reasonable for the device based on the data.
Most device, had a measured ~~~ of “-5 nA”, which really means that their
values were less than the measurement resolution of the tsst system.
Although the user, in general, has little need for this leakage quality,
the specification is a good ind icator of surface contamination.

2.5.9 Input Leakage Current + 
~~~ 

1IL

Input leakage current was added as a specified requirement after the
S-3260 characterization testing had been completed. The purpose of this
test is to verify that the differential input breakdown voltage is greater
than 34 volts when the supply voltage is 36 volts.

2.5.10 Low Level Output Voltage 
~OL

The saturation voltage of the device’s output transistors is an im-
portent interface characteristic. S-3260 data was taken at 4 mA and 6 mA

• of output sink current . In order to have law satura t ion voltage at a
specified level of sink current , the output trsnsistortu require a com-
binat ion of adequate base drive and low saturation resistance . The tests
verified the specification for 4 mA and 6 mA drive requirements. It was
subsequently dec ided that changing the 6 mA condition to 8 mA would be
more useful.

-. 
.
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2.5.11 Power Supply Current I~,

Having low power supply current over a wide range of ~~ is an Im-
portant characteristic of this device. All of the data is well inside the
specified maximum current limits. It was decided that a liberal specifi-
cation on this parameter is justified because the user’s benefit of a
ailliamp.re of supply current is not worth taking a possible future yield
loss.

2.5.12 Open Loop Voltage Gain AVS

Most of the measured gains were better than the specification by a
factor of from two to ten. In all cases where gain magnitude failures
were observed, the compa rator had other froit end failures in some combina-
tion of V10 ~~ 

and 113.

Negative gains were observed in 10 out of 396 devices. There were
asterisk (*) on the data sheets for visability as failures . All of the
devices with negative gain also had other front end fa ilures . Conse-
quently, any devices that would have been rejected for negative gain were
rejected for other parameter failures first. Transient thermal effect -s
cause the negative gain phenomenon.

2.5.13 Response Time tRth ,

Besponse time for the low-to-high and high-to-law transitions are
the mOst important dynamic characteristics. Although these tests are
usually done on a sampled bench set up basis , it was felt that getting
a large volume of automatic tester data would be very worthwhile.

The test results showed that at f ive millivolts of overd r ive the
• comparators performed very much better than the JC-41 recommended limit.

This is espec ially true for the tPRL response t ime. Testing and speci-
fying response time at 50 millivolts of overdrive was done so that the

~~~~~~~~~~~ user has more information for applications having greater than 5 wV of
overdrive. With the CR08 recommended limits, data figures of merit from
4 to 8.7 were calculated.

2.5.14 Channel Separation (CS)

• it was dec ided not to add provisions for channel separation testing
t~, the S—3260 adapter because it would have resulted in many more relays
being added to it. Manual test data was taken on severa l devices us ing
a Tektronix 577 curve tracer, modified for CS testing as shown in Figure
2-4. The A V change in V10 used in calculating channel separation varied

• 

• 

between 0 and 0.2 millivolts. With this data the minimum observed cal- a

• culation results in

Cs 20 log •lO3 dB

- 11-8
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This ii better than the proposed 80 dB (mm ) spec limit by 23 dB or a
factor of 14.

2.6 Conclusions and Recommendations

The preceeding paragraphs have discussed the characterization effort
and properties of the proposed MIL-M-385l0/ll2-O1 quad compa rator. For
obvious economic reasons the complete portfolio of device data sheets and
histograms cannot be included in this report. A device specification has
been written using the results of this study. A 200 page report on the 139
characterization data was submitted to RADC and the 1.C. vendors in
February 1978. The report contains 99 device data sheets, 9 statistical
sumaries and 90 histograms. Copies may be obtained by contacting GEOS or
RADC .
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U Test circuit pin conditions shall be as specified in the schedule of this
figure .

3/ Subgroups , test temperatures and limits shall be as specified in Table III.

3
J 

As required to prevent oscillations. Also, proper wiring procedures shall
be f ollowed to prevent oscillations . Loop response and settling time shall
be consistant with test rate such that any value has settled to within 5Z
of its final value before measuring. Suggested values shown may not ensure
loop stability for all layouts. Actual compensation also shall be approved
by preparing activity prior to use.

4J Precaut ions shall be taken to prevent damage to the D.U. T. during insertion
into the socket and change of relay contacts.

5J Any oscillation greater than 300 mV (pk-pk) shall be cause for device failure .

6_f Relay. Kl-K4 select the comparator under test. The comparators have 1V applied
to the (-) input to force their outputs to the low state.

7_f These res istors are ± 0.l7~ tolerance matched to ± .0l~ . All other resistor.
are ± lZ tolerance and capacitors are l07~ tolerance.

(/ Common mode rejection is calculated using the offset voltage values measured
at the common mod e range end points.

• 2/ The relays shown ind icate test connections only. All relays are shown in
their dc-energized states. Relay coils are not shown.

lQJ To minimize therma l dr i f t , the reference voltage for ga in measurement E3
shall be taken immed iately prior to or after read ing 

~22 
and

11.1 Saturation of the nulling amplifier is not allowed on tests where E value
is measured .

12_f The •qua t ions take into account both the closed toop ga in of 1000 and the
scale factor multipliers , so that the calculated values are in Table I and
III un its.

Figure 2-2 Test circuit for static and dynamic tests (cont’d.)
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NOTES:

~~~~~~~~~~~~~ 1. Adjust the s igna l generator so that Vin is a 100 mV pulse tra in with a
10 .us pulse width at 50 kflz , tTLH and tThL ~ 10 ns ana ~ 50.gt..

2. Setup procedure

a. With Vj 0 • 0, adjus t Vr ~ 
from -5.0 isV to + 5.0 isV in 0.1 isV steps

and stop when output switches from high to low.

b. Change Vref fro. the value obtained tn(* above by th. required VOD
(overdrive).

c. Apply Vi~ and measure the rssponse t ime .

3. All resistor tolerances are ± 17~ and all capacitor tolerances are * l0~ .

4. The output capacitance includes scope , probe afld jig capacitance.

Figure 2-3 Response t ime test circuit. (cont ’d.)

11—14

____  - T T  



J _ 1
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_ _ _ _ _  

-

~~~
;Z

~
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( D eK~i.

Channel separation test condition ~ equations!!
Applied _Voltages 

____

~~cc Vcc V~~ VA Measure Equation
(V) 

- 

CV) (V) (V) (V) (dB)

+30 0 + 1 15 E(l.2)R CS1_2 — 20 log L30000
+30 0 — 1 15 E(j_2)1. I E Cl_ 2 H -

• ~/ The above table shows how to determ ine channe l sepa ra t ion CS1.,2
with comparator I as the driven chann el and comp. 2 as the
monitored channel. Repeat for all combina tions of driven and

• monitored channels (i.e. CS1_~, C91_~ CS2,1, CS23, CS24,
CS3_1, CS3.2, CS3,,4, CS4,1, C54_2, and C84_3)

Figure 2.~~. Channel separation test circuit.
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NOTES :

I. V~0, 1
~o and ± shall be measured at the common mode extremes at 30 V

and 5 V as shown below:

CommOn
Condition Mode + ~~ - ~~ V~~ Vo

1 (-CM) 30V  O V  OV ISV
2 (-1CM) 2 V -28 V OV -13 V
3 (-CM) 5 V  O V  oV l.4 V
4 (4CM) 2 V - 3 V OV ~~1a.0 V

2. CMR shall be calculated from V~0 measurements defined in note 1/.
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APPENDIX

£2-i U’(139 Data Correlation Between GEOS and AMD

A2-2 U’1139 Device Eva luation per GEOS and AND
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TABLE *2-1

1.1(139 DATA CORRELAT ION
BETWEEN GEOS AND AND

S/N I @ 255C

Parameter Comp. GEOS AND Spec Corr.* Units Corr.
- _____ ________ _______ 

Limits Limits 
_________ ______

lto(~~M) 1 .785 1.42 ± 5 ± 1.1 mV Yes
@ 30 V 2 -1.43 -1.08

3 1.55 2.02
__________ 

4 1.61 1.51 II

Vj0(ICM) 1 .834 1.19
@ 30 V 2 -.995 -1.05

3 1.30 1.60
__________ 

4 1.40 1.11 H

~jo(—cM) 1 1.02 1.17 “

@ 5 V 2 -.720 — .71
3 1.32 1.49 I,

__________ 
4 1.79 1.80 ‘~

4CM) 1 .960 1.11
• @ SV  2 — .670 -.64 II

3 1.21 1.35 
• ‘

_________ 
4 1.74 1.72 ± 5 ± 1.1 my •I

II1~(-CM) 1 -45.5 —34 .0 — 100/-I ±11 nA No
@ 30 V 2 -48.7 -31.0 No

3 -36.5 -29.0 Yes
__________ 

4 -45.7 -33.0 No
IaIIB(4CM) 1 —27.8 -26 Yes

@ 3 0 V  2 -28.1 —25 ‘~

3 —25.3 —23
__________ 

4 -29.0 -26 — -100/—i ±11 . _.M ...... “

I (-CM) 1 1.00 —1.00 ± 2 5  ± 3.5 U
°~~3OV 2 — .75 0

t 3 3.00 —3.00 ‘I

_________ 
4 -4.50 0 ‘I

I~g(4CM) 1 —1.12 —1.00
@3 0 V 2 -1.25 0

3 1.23 —3.00
_________  

4 -1,50 0 _ j
~~. ~~~~~~~~~~~~~~~~~~~~~ nA 

_____

I @ S V  All .72 0.67 2 ( x )  ± .22 nA 
_ _ _ _

I .197 - ~~~~~~~~~~~~~~~~~ ± .44 2
@4M 2 .190 - .4 ± .44

~‘cc 4’5 ’ 3 .187 - .4 ± .44
4 .187 - .4 ± .44 V

~

— —-——--- , ~~ a 5 a . 4-. ~~ a~~ - — - -~~~~~ ~~~~~~~~~~~ 
__ 

•• ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE £2-I

114139 DATA CORRELATION
B ETWEEN GEOS AND AND
S/N 1 @ 25C (cont ’d.)

Parameter omp. GEOS AND Spec Corr.* Units Corr.
___________ _____ ________ ________ 

Limits Limits 
_________ 

2

L 1 - .31 .5 ± .035 V 2
1K , 2 — .31 .5 ± .055
a 5 ~ 3 — .29 .3 ± .055

- 
4 - .29 .5 ± ,055

‘OL 1 .277 - 1.0 ± .11
@ 6 mA 2 .272 - 1.0 ± .11

~cc 
— 

~~~~~~ 3 .265 1.0 ± .11
4 .264 - 1.0 ± .11 2

1/ Corr. limit ± .11 x spec . limit range .

2/ Correlation cannot be checked since the tests are different.

I

I
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TABLE *2-2

LM 139 DEVICE EVALUATION

GEOS Results of S-3260 Testing AND Test Results
1f!~ —— _ _ _ _  _ _ _

:ode S/N Good Bad Parameter Notes ood Bad Pa rameter Notes

Cl 1 x -I18(-CM) 1/ x
C2 2 x X
C4 4 X +118(4CM) 2/ x
CS 5 x x
C6 6 x x - -
C7 7 x —118(-CM) 3/ x
C8 8 x X
C9 9 x z
ClO 10 

_ _ _  _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _  _ _ _ _

P3 11 x x 110(4CM)P4 12 x X
PS 13 x x
P6 14 x X
P7 15 x x
P8 16 x x
P9 17 x x
PlO 18 

_ _ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  _ _ _ _

x2 19 x V 10~4cM~ 3,4 ,5/ x V 10(4cM) 5/
X3 20 x V10(+cM) 3,4,5/ x 118 2 ,5/
X4 21 V10(4cM) 3,4,5/ x V10(-f-CM) 5/
X6 22 x -118(-cM) 1/ x V10(4CM) 5/
X7 23 x ÀY 6/ x
X8 24 x V10(4cM) 3,5/ x V10(4cM) 5/
X9 25 x V 10(4cM) 3,4 ,5/ x V10(4CM) 5/
X10 26 x V10(+cM) 3,5,6/ x +118(-cfl) VXli 27 x ViO(4CM) 3,4 ,5,6 x V10(ICM)
X13 28 

______ 
x V1p(IGM) 3,5,6 x V1p~4GM) 5/

Ui 29 x V10(+cM) 4,5,6 
— x -I1B(+~M) 3,5 1 —

U2 30 x x I~~113 31 X x 110 VU4 32 x x 110 VUS 33 x -I18 (4CM) 2 ,4/ x Ii~U6 34 x x• Ui 35 x x VOL Y
118 36 x x

j 119 37 * x +t13(4QQ

t 

1110 38 * *Ull 39 x 
_ _ _  _ _ _ _ _ _ _  _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2 ,4/

Ji 40 * x
J2 41 x 

_ _ _  _ _ _ _ _ _ _  _ _ _ _  
x V~~ _ _ _ _
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TABLE *2-2 (Cont ’d)

GEOS Results of S- 3260 Testing AND Test Results
1fr. — —

code s/N Good Bad Parameter Notes ~ood Bad Parameter lotes

J3 42 * x -118(-CM) 3/
.J4 43 * * 1IB 1 ,2/
.15 44 * I~~~ 4/ x 1CEX
J6 45 x VOL 1/ X 11B V.17 46 x x
J8 47 x I10(-CM) 1/ x -118(-cM) 3/
39 48 x x
310 49 * ____ _________ ______ * — ___________ _____

Si 50 x *
S9 51 X 1IB(~) ’  1/ x

J26 52 x 
____ __________ _______ 

X 
____________ _____

S33 53 x 110,118 3,4,5/ x
S34 54 * x
S35 55 x 1tB~~ 

2,4/ *
S44 56 x (4CM) x
S45 57 x *
S49 58 * x
S65 59 *
S7i 60 * x
S77 61 x
S84 62 X * V10, ‘lB VS102 63 *
-‘!i 64 

____ ____ _________ ______ * ___________ _____7 65 x x
~~ 66 x
~9 67 * *
~O 68 * * - 1IB (4CM) 2 /

CLI. 69 x x V @ 125 C 7/
G12 70 x tELH Y X ~~~ 

—

Gl3 71 * tRLN 1/ *G14 72 x x ‘V ~ATGiS 73 x x VSATG16 74 * ~Ci? 75 * x ~~~~
-
‘ - G18 76 * x VSATG19 77 * x

G20 78 * * V 7/
C21 79 * x V~~ 

-

G22 80 x * V A T
C23 81 * * V~~T /
G24 82 

______ * +I~~(4CMj~ 2 ,4/ * +I~~ (4CM)
El ~~T x -1~~ (-CM) ~1 i 

— __________  ____

-a-
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TABLE *2-2 (Cont ’d)

GEOS Results of S-3260 Testing AND Test Results
Ifr. _ _ _

ode S/N Good Bad Parameter Notes Good Bad Pa rameter Notes a-

R2 84 * +I IR (-CM) 3/ x
R3 83 * +t~~~ y
R5 86 * *R6 87 * x
R7 88 * * -118(-CM) 3,4,5d
R8 89 * *RiO 90 * *ElI 91 x
Rl2 92 x *
Rl3 93 X X ‘tIB 2!
R14 a - 9 4  x
R15 95 * x
Rl6 96 x x
Ru 97 x x
R18 98 * X
R19 99 x x
R20 100 x *

1/ Parameter is slightly out of spec .
2/ Wrong polarity bias current

• 3/ Low limit failure
~~/ High limit failure
5/ Multiple parameter failures

~/ Wrong polarity gain
7/ There is a difference in VOL test criteria between the GEOS and AND

tests as shown below

V~~ — 4.5 V (GEOS) GEOS 
__________ __________ __________

~~ — 5 V (AND) Lo Limit Hi li mit Lo limit Hi limit

• f VOL@4 U @25 c - .4 - -
VOL~~~4M 3r~rç - .7 - -

£ ____________  
(l25’C _________  _________  _________  _________

VOL@6U -35’C~~~T* - 1.0 -
F VOL @ RLaUC ~~~

TA - - -0.2 .5
_____________ ~ 125 C 

__________ __________ 

-0.2 
__________
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SECTION III

QUAD OPERAT IONAL AMPLIFIER MIL-M-385l0/ilo

3.1 Background and Introduction

An earlier technical report, RADC-TR-78-22, described the character-
ization effort and results on quad operational amplifiers. MIL-M-38510/llOis the milita ry specification on the following devices :

Device type Comerical type

01 111148
02 114149
03 474I , 4156
04 4136
05 114124

At the ime this earlier report was written , complete characterization data
on device type 05 was not available. The purpose of this section is to
update the information in the earlier report , with the main emphasis ondevice type 05.
3.2 Description of Device Types

3.2.1 General Characterisitics

All quad op amps possess certain common characteristics. The indLvid-
ual amplifiers are similar to single operationa l amplifiers, except that,
because of pin out restrictions , external compensation and offset voltage
adjustment are not available options. All have a differential input stage
in order to provide high gain for differential signals and much lower gain
for common -mode signals . These two input s are called inverting (-) and
non-inverting (+) for their polarity with respect to the output signal.
Different techniques are used in the design of these front ends, depending
on the electrical parameters to be enhanced. Low input offset voltage, low
bias currents , h igh ga in , high input impednance and high coimnon mode re-
jection are the main desired input characteristics. A level-shifting stage
which provides further ga in couples the si nai to the output . Interna l
frequency compensation is generally applied to the in-between, level-shiftingstage . The output stage almost always is in the form of a complementary
emitter follower to provide a single-ended, low-impedance, output signal.

Cu rrent l imiting is generally incorporated in the outpu t stage so that
- 

a shorts to ground do not damage the op amp. Protection for shorts to either
supply voltage also exists but can not be guaranteed over the full temper-
ature range because the 173°C maximum Junction temperature will be .exceeded.

A
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Since, from an application point of view, op amps are generally con-
nected with external nega t ive feedback to establish a prec is ion gain , fre-
quency compensation must be applied for stability reasons; Each gain stage
of an op amp has an associated break frequency at which the gain rolls off
from its DC value. An accompanying phase shift of 45’ occurs at the break
frequency. This increases to 90’ at ten times the break frequency. If the
sins of the stage phase shifts equals 180’ before the 1oop gain magnitude
has been rolled-off to unity or 0 db , the amplifier will oscillate. An
internal frequency compensation capacitor connected across a gain stage
provides a Miller effect capacitance to roll the ga in off at 20 db/decade.
In this way the gain is reduced before the stage phase shifts can render
the system unstable.

3.2.2 Unique Device Characteristics

The following devices were chosen early in the characterization effort
to be candidate types for the /110 specification. These selections were
based on JC-41 recommendations , user anticipated need ani enough difference
in a major parameter to warrant another device type category.

3.2.2.1 Device type 01 (LMI48)

This device is a general purpose op amp with characteristics similar
to the /101-01 (741) . NPN transistors are used in the input stage . This
yields positive polarity input bias current. Its offset voltage specifi-
cation is worse than its single counterpart (i.e., +6 mV versus ±4 mV over
the military temperature range, -55°C � TA < 125°C). The only parameter
wtmre this quad op amp is better than its single counterpart is in supply
current (i.e., 4.5 ~~ for 4 op amps versus 4.2 M for one op amp at -55’C).A few picofarads of internal compensation capacitance gives the device a
specified transient response rise time of one microsecond (maximum). A
schematic of one op amp in the device is shown in figure 3-1.

3.2.2.2 Device type 02 (114149)

The characteristics of this device are identical with type 01 except
for frequency compensation. Instead of conventional unity gain compensa-
tion, this op amp is compensated for a min imum closed-loop ga in of 5. Thus
the bandwidth is extended by a factor of five at the expense of unity gain
stability.
3.2.2.3 Device type 03 (4156/4741)

Figure 3-2 shows device type 03. It has a PNP differentia l input and,
- a consequently, negative polarity bias current. At the expense of power

supply current , type 03 has a faster transient response and lower noise
specs than type 01.
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3.2.2.4 Device type 04 (4136)

Device type 04 is very similar to the type 03 excspt for its non-
standard pin out. In genera l its specifications are more libera l th*n forthe type 03. It ii one of the oldest quad op amps and , consequently, has
many vendor.. By specifying this device in /110, existing user applications
are better protected than they would be otherwise. This device is not
recommended for new design. The schematic is shown in figure 3-3.

3.2.2.5 Device type 03 (114124)

All the previously mentioned op amps require dua l power supplies.
Device type 05, on the other hand , is meant to operate from a single supply.
Its main advantage is in low power and single power applications. The input
stage is designed with PNP transis tors thus permitting the common mode
range to include ground. The Output stage has a 50 uA pull-down current
source so that it can swing to ground for light load.. Dual supply opera-
tion is possible ; however, since the output is a class B configuration
crossover distortion will be present.

Where TTL interfacing is
needed this device can be used with a pull-down res istor . Unlike a TTLoutput, the output of this device is much stronge r on sourcing than sinkingcurrent . Device type 05 is shown in figure 3-4 .

3.3 Test Procedures

Unlike the other opera t iona l amplifiers - 01 through - 04 in theMIL-M-38510/110 specification, device type 05 was designed for single power
supply operation. It also has important applications in driving digital
loads. For these reasons several parameter. in the specification areunique to device type 05. Figure 3-5 shows the test circuit for quad op
amp static tests. Table 3-I shows how the test circuit is programmed formost tests. In order to perform the VOL output voltage tests with a cur-
rent source it was necessary to add relay 1(11. The only other change
specifically added for device type 05 testing is the 10 K~~ load and relay1(9. Except for these changes, the test procedure is the same as described
in the previous quad operational amplifier report.

The S-3260 quad op amp test f i xtu re was modified accordingly. Themajor change made to the S-3260 test program was to compare th. measured
data to the specification limits and then print an aster isk for each “out
of spec” paramet er. Without this featur, it is very tims consuming to• a locate pa ra ater failures . Thirty-two (32) devices or 128 op amps were
tested on GEOS ’s Tektronix S-3263 test sys tem .

Transient response testing was done on a few samples on a bench - test
-

~~~~~~~~ basis. Figure 3-6 illustrates the procedure for transient response testing.
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3.4 Tabulation of Data and Characteristics

32 devices from 4 vendors were tested . A typical data sheet
is shown in Table 32a The time required to take these measurements over
temp rature and print out the results was under four minutes per device.
The data was also logged into a file so that a statistical analysts could
be done on all the devices in the group. Tables 3-3, 3-4 and 3-S are sta-
tistical summary sheets which were generated to show how well the data
fits the specified limits. Most of the column headings are self explanatory.
Low and high figu res of merit were calculated to determine how many stan-
dard deviations (~~~ , 

sigma) exist between the data mean and the low and
high parameter limits .

Since in a norma l distribution 99.77, of the data ii within ± 3~~ ,
each figure of meri t is a good indicator of how loose or tight the data is
with respect to the specified limits. It was arbitrarily decided that if
the figures of merit were greater than 5 or less than 1 some corrective
action to the test conditions or limits should be considered . Observations
showed that a few “way-out” failed data values tend to degrade sigma and
consequently the figure of merit also. High and low reject limits were
added to exclude “grossly out-of-spec” data f rain the statistica l calcula-
tions.

Although the statistical summaries are a good economical way to show
the data to limit relationships , they a re not as comprehensive as individ-
ual histograms for each parameter - temperature combination. Consequently,
histograms were generated to help assess where tha parameter limits should
be established . A typical histogram is shown in figure 3-7. Proposed
limits were added later en to each of the S-3260 histograms.

Table 3-6 compares the worst case ~ ± 3~$ limit.s against the specif i-
cation limits.

3,5 Discussion

The purpose of this discussion is to describe the characterization
study results with rega rd to the device electrical parameters a Emphasis
is on device type 05 since th. other types were discussed in technical
report RADC-TR-78-22. In genera l , the data values and the final adjusted
specification limits are in good agreement. Additional cOmments Ofl a
parameter by pa rameter basis follow:

: 
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3.5.1 Vj0. Input Offset Voltage

It was originally intended that this parameter be tested and specified
under four cond itions, such that for + 5 and 30 V. the input common
mode range be from - ~~~ at OV to 2V below + Vcc. Test results showed that
with Vcc • 5 V and Vcm — + .5 V , the limits would have to be doubled for
acceptable yields.

By reducing the upper common mode range limit from + .5V to 011 at ~~ —

5V, consistant limits could be maintained .

3.5.2 AV j~/AT , Offset Voltage Temperature Sensitivity

With most of the data values within ± 2OfrV/ C , limit s of ± 30 ,4,V/’C
are safe and reasonable .

3.5.3 ‘io-. Inpu t Offse t Curren t

The lowest yield condition for I~ç~ occurs at -55°C with high supplyvoltage and h igh coason mode input. The comments of 3.5.1 also apply here.

3.5.4 A Ii~/4T, 
Offset Current Temperature Sensitivity

As with A V in /AT , this parameter is specified at low supply voltage
and low common moae voltage . The -55°C yield of th is parameter is 96.lt
with the recommended limits of ± 700 pA/°C. 4 I~~/AT failures co~~~nly
occurred with 

~~ 
and 

~~~ 
failures .

3.5.5 +Ij~, ~
1iB ’ Input Bias Curren t

Wrong polarity bias current caused occasional failures at th. high
common mode input cond ition. Breakdown of the PNP base col lector input
junction is suspected for those failures. Ousrall yield on bias current
tests, were much better for device type 05 than type 01. The deleted low
supply, high common mode condition mentioned in 3.5.1 had the most wrong
polarity bias current failures for device type 05.

3.5.6 PSRR(+), Power Supply Rejection Ratio

Data value s for PSRR were comfortably inside the * 100 M 
V/V spect-

fication limits.

3.5.7 CMR, Common Mode Rej ection

This parameter is calculated from the V LO chang e over the input common
mode rang. . Consequently, ther. is a close re lat ionship between Vj~ andCMR failures . The wors t condition at -55 °C had a CMR yield of 94t aga inst
a 76 dB (mm ) limit.
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3.5.8 + ‘os Output Short Circuit Current (for + output)

With a minimum limit of -70 mA , there were no failures on this para-
meter. Typically, the output short circuit current for sourcing is between
30 and 50 mA and the magnitude decreases with increasing temperature.

~~~~~ tcc , Power Supply Current

Supply current was tested at ~~ — SV and 30V during the S-3260 char-
acterization tests. Since the low voltage ‘cc is approximately 70% of the
value at 30 V, only one test was deemed necessary for the specification.

Typical values of ~~ are 50 to 1007. lea. than the recommended limits.
No benefit is seen in tightening the limit because the one to 2 mA of
margin would not help power supply loading estimates that much.

3.5.10 + V0p, Output Voltage Swing

Maximum output voltage swing is generally well behaved with a tight
histogram pattern. All observed failures were associated with multiple
failures in other parameters. This is not too surprising since good V0p
performance is mainly a function of the output Darlington transistor stage.

3.5.11 Ays, Open Loop Voltage Ga in

Of all the parameter tested , AVS data forms the worst histogram in terms
of “bell shape” criteria . The effect of therma l feedback in conjunction with
output load ing and high open loop ga in gives rise to a non linear input-
output relationship. Wrong polarity gains were not uncommon. No devices
failed Ay~ 

without failing other front end tests as well. Although GEOS iS
in favor of deleting the 2Kj~ load requirement , the vendors state that this
condition is needed to verify output swing linearity.

3.5.12 VOL, Low Level Output Voltage

Low 1~evel output voltage is a parameter one normally assoc iates with
digital circuits and not op amps. Since device type 05 is commonly inter-
faced to digita l circuits , it is important to specify its drive capability

j  for such applications . Three conditions of VOL are specified . For TTL
applications it is important to specif y the drive current for ~~ (mm ) —

4 a 5  V and VOL (max) — 0.4 V. Over the temperature range , the date m di-

good yields. For higher current sinking applications with Vcc — 30 V, a
5 mA test curr ent results in a typical VOL of 1V. A 1.5 V (max) limit was
specified. The third VOL specification with a 10 K.A losd guarantees that
th. output current source is working. Data for this test shows tha t a
35 mV (max) limit is reasonable.

~~~~ cates a maximum test current of only 2 uA can be specified and still have
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3.5.13 VOH, High Level Output Voltage

The companion specification to VOL is V~~, which defines the high
level output voltage. Device type 05, unlike a flL output, is much stronger
in a current sourcing mode , tt~an a current sinking mode. Thus at 10 mA of 

—

• source current with supply voltages of 30 V and 4.5 V, minimum VOH
levels of 27 V and 2.4 V respectively can be specified.

3.5.14 TR (tr), TR (os), Transient Response (risetime), (overshoot)

Transient response measurements were not made automatically on the
S-3260 test system as were the previous parameters. Oscilloscope observa-
tions of several sample devices showed that transient response rise time
and overshoot depend quite significantly on input common mode conditions.
Thus in a standard single supply application, device type 05 is not as
respons ive to ground referenced signals as it is to pulse inputs riding on
a D.C. bias. Wavefor is to illustrate this are shown in figure 3-8. Tran-
sistor saturation effects cause the response to be slower with less over-
shoot.

After some consulta t ion with device manufacturers , it was dec ided that
since, in the usual case, op amp transient response is specified with the
device in the linear mode, the same conditions should apply to a single
supply op amp. Using this rationale , the /110 slash sheet is being proposed
with the 50 isV pulse referenced to + 5 V.

3.5.15 SR (+) and SR (-) , Slew Rate

Typical da ta indicates that the - 05 can slew at a ra te of 0.5 V/ps .
A minimum limit of 0.1 V/frs is cons idere d reasonable for temperature and

4 
yield variations.

3.5.16 Nl (BB) , Nl (PC), Broadband and Popcorn Noise

Broadband and popcorn noise was observed with a curve tracer on a
small sample of devices . The observed maximums of l0,.,Vrms and 5~~Vpk are
conservatively inside the recommended limits .

3.5.17 CS, Channel Separation

Curve tracer observations on a few devices indicates tha t there is
better than a 20 dB margin between the minimum limit of 80 dB and worst
observed data . Channel separation is measured on a D.C . basis by the
effect of a driven op amp on th. offset voltage of the other monitored op

J amps . This D.C. method is easier to mechanize in an automatic tester than
an equivalent A.C. method.

- - 
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3.6 Conclusions and Recommendations

Thirty-two (32) device data sheets , three statistical suzmnary sheets
and 133 parameter/condition histograms were generated in order to determine
typical device performance.

The results of the quad operational amplifier characterization effort
show that the data , in gene ral , supports the recoimnended limits proposed by
JEDEC JC-41.

One area where the /110-05 specification differs from the origina l
JC—4l recorunendations is with regard to output current  sourcing and s inking.
The JC-41 specification measures the output sink and source currents with
test conditions of + Vcc — 30 V and v0 a 15 V. The /110-05 specification
forces test source and sink currents and then measures the output voltage
to determine if VOH (nu n) and VOL (max) are in tolerance. How close the
device output can get to the supply rails is not determined in the JC-4].
test.

The quad op amp specification contain parameter limits and test
conditions which best compromise user needs and vendor yields .

Table 3-7 shows the electrical specifications as incorporated in
MIL-M-38510/llO, dated 25 May 1978.

The bulk characterization data was issued in a bound report to repre-
sentatives of the linear IC manufac turers  on 6 July 1978 . Copies of this
data are ava ilable at RA DC and GEOS.
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Figure 3-1. Device type 01 and 02 (LM148, LM149)

_ r~~~:: iii~. -~i t~~j ~
._[~u i ••1~— I

,, i~.1 1 ai ~
_ _ _  

ia I I  NW 14
r I I  I 

~~ 
—

~I I ”  _ _  
IN

I I I j~
_____ I

a
I,,

N 

~~ 

sii~~ 

N

_____________________________ — _—a-—_ — —O-’ã

a -’

Figure 3-2 . Device type 03 (4156/4741)
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Figure 3-3. Device type 04 (4136)

- Figur e 3-4. Device type 05 (124 124)
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Test c ircuit pin-out for a l l  devices (1)
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Figure 3-5 . Test circuit for static tests.
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TABLE 3-1 NOTES

1/ Selection of the op amp under test is made with relay contacts
KI , K2 , K3 and K4. Us. the parameter table to determine which
others need to be energized for a particular test.

2/ Common mode rejection is calculated using the offset voltage
values measured at the common mode range end points.

3/ Stabil izing capac itors may be added as required if needed to
prevent oscillation. Also , proper wiring procedures shall be
followed to prevent oscillation. Loop response and setting t ime
shall be consistent with the test rate such that any value has
settled for at least 5 loop time constants before the value is
measured.

4/ Precautions shall be taken to prevent damage to the D.U.T. during
insertion into socket and change of switch positions (e.g. disable
voltage supplies , current limits).

5/ Rs — 20 K,cL for -01, 02, 03, 04 and 05.

6/ All relays are shown in the norma l dc-energized state.

7/ Only one op amp at a t ime shall be tested with a short to ground
for t ~ 25 ms.

8/ Any oscillation greater than 300 mV in amplitude (pk - pk) shall be
cause for device failure.

9/ To min imize thermal drif t , the refe rence voltage for gain measurement
E3 shall be taken inuned iately prior to or after the read ing corre
sponding to device gain (B21, B22, E23 and E24).

10/ All resistors are ±0.17~ tolerance, capacitors are ± l0~ tolerance.

~j./ Adequate settling time shall be allowed such that each parameter has
settled to SZ of its final value.

12/ Popcorn noise (E~)8 shall be measured for 15 seconds. Breadboard
noise (BO ) 7 shall be measured with an RMS voltmeter with a bandwidth
of 10 Hz to 5 kHz .

13/ Saturation of the nulling amplifier is not allowed on tests where
£ value is measured.
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14/ The load resistors (2040~~~and 11.1 K 4t) yield effect ive load
resistances of 2 K A-and 10 K~l.respectively.

15/ The equations take into account both the ioop ga in of 1000 and the
scale factor multiplexer, so that the calculated value is in Table III

- units. Therefore, use measured value/units in the equations is i.e.
El (volts) .

16/ The programmable current source is used to exercise the drive capability
of device type 05 for sourc ing 1OH and sinking 1OL•
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Figure 3-6. Transient response test circuit.
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Transient response test conditions

Device 
~~cc -v c AV Rl 9.2 9.3 Pulse Generator Input

Type (V) (V~ (V/V) (K u )  (Kjt ) (Kj2) Rise Time Slew Rate
________ ____ ____ _______ ______ _______ ________ 

Test Test

• -01,03,04 +20 -20 1 Open 10 10 + 50 mV -5V to +5V

-02 +20 -20 5 1 4.02 1. + 50 isV -IV to +1V

-05 +30 0 1 Open 10 -__ 10 + 50 isV +SV to +l5V

Transient response parameters and equations
Parameter Pulse
Symbol Generator Measure Equation Units

~R (tr) +50 isV amplitude A. t TR (tr) — 4 t us
Waveform I

rR (os) +50 isV amplitude Av TR (os) “~~1 x 100
Waveform 1 Vo

SR (+) -5V to + 5V AV0 (4) , ,A t ~~~~ 
~~ v +@ AV — 1 Step Waveform 2 SR (+) — 

o( 
~ V/us

_______  ______________  ______________ ~~ t (+) 
______

SR (-) +SV to + SV 
- 

A Vo (-) , At  (-) SR (-) V/us
@ AV — 1 

— 
Step Waveform 3 

- 
A t(-)

SR (+) -lV to + IV A Vo (+) ,A t (4) SR (+) - “~ (k)
@ AV 5 Step Waveform 2 ~~ t (+) V/us

SR (-) +lV to - lv 4Vo (-),At (-) SR (..) — AVo(-)
@ AV 5 Step Waveform 3 4 t(-) V/us
SR (+) +5V to + l5V A Vo (4) , At (4) SR (+) — ~ Vo (+) V/us
@ AV 1 Step Waveform 2 ~~ t (+)
SR (—) +l5V to + 5V AV0 (-) ,.4 t (-) SR 

~~ 
— £~Vo(-) — 

V/us
@ AV — I Step Waveform 3 4 t (. )

F igure 3-6 . Transient response test circuit (cont’d).
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Figur. 3-8. LII 124 Transi.nt RsIpons.* v.a. Povsr Supply
Conditions .
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Figure 3-8. LII 124 Trans ient Response* v.a. Power Supply
Conditions.
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I * Pulse generator rts.tias — 30 ns
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1/ Device types 01-04 shall be tested at V~~ • 0, +15 V and -15 V with ±20 V; and at
VCM 0 V and -25 V with - .5 V. Device type 05 shall be tested at • 13 V and
-15 V with +V

~ 
30 V and •V

~ 
• 0; and at 

~CM 
- 0 and 2.5 V with 

~ cc — 5 V and -V~ 0.

~~ 
CNR is determined by measuring input offset voltage as follows :

iT~e tvoes —

Offset voltage 01 - 04 05
condition c •~cc ~o ~cc ~cc ~0 

Un ts

1 35 -5 15 30 0 15 V
2 5 -35 — 15 2 -28 -13 V

3/ Continuous limits will be considerably lower and apply for -55°C c TA < 25°C.
4/ ‘cc l imits are the total for all four amplifiers at no load, connected as grounded followers.

~~/ 
Device type 05 transient response is specified with the input pulse referenced to 5 V. For
appi icattons purposes the device may be operated with the input referenced to ground, however.
saturation effects will cause the response time to increase by approxima tely 50 perCent.

TABLE 3-7. MIL-M-38510/1l0 electrical spectficetLons , (con t’d).
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SECTION IV

Bi-FET OPERAT IONA L AMPLIF IER

4.1 Background and Introduction

Bi-FET operational amplifiers represent a new class of devices in the
evolution towards perfecting the ideal op amp. As the name of the process
implies, Bi-FET op amps combine bipolar and J-FET transistors on a mono-
lithic integrated circuit. This marriage of technologies combines standard
bipolar linear processing with ion implantation . The op amp parame ters
which are enhanced by the Bi-FET process are high input impedance , low out-
put impedance , wide bandwidth , high slew rates and low noise. Since the
debut of Bi-FET op amps, users have been interested in incorporating them
into new designs .

A review of linear device app lica tions in mil itary systems as well as
a priority list of the JC-4l Committee were key reasons to characterize
Bi-FET op amps for MIL-M-385l0 procurement.

4.2 Device Type Description

A typical schematic circuit of a Bi-FET op amp is shown in Figure 4-1.
Matched J-FET transistors are used for the differentia l input gain stage ,
the input current source loads and the offset adjustment control. The dra in
outputs of the input J-FETS feed a bipolar transistor d i f ferent ia l stage .
Signal conversion from differentia l to single ended is made at the collector
of Q8. Since current sources exist at both the source and dra in terminals
of the input J-FETS some mechanism must also exist to deal with the excess
common mod e current which is sourced from Qi , but not sunk by .110 and Jll.
Common mode feedback from the differentia l bipolar stage current source to
the source terminals of Ji and J2 solves this problem.

With J-FET input transistors the op amp bias currents + t iB’ and -
a re much smaller than is possible with bipolar transistors. Since these
currents are leakage currents, they are temperature sensitive and appr-oxt-
st.ly double for every 10C increase in temperature . Low noise and good

high frequency response are other benefits of the J-FET front end transistors.
The singi. ended output signa l from Q8 and it. J3 current source load is
fu rth•r amplif ied by the class B output stage . This output stage is a

- 
- - litti. unusual in that a J-FET , J5 , complements the other bipolar output

transistors. This design configuration eliminates the need for a PNP out-
put current sinking transistor. Th, output J-FET also improves the stabil-
ity of the op amp in driving large capacitive loads.
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A Bi-FET op amp with bias current compensation is shown in Figure 4-2.
This design technique is used to mainta in low b ias curren ts a t eleva ted
t emperatures .

4.3 Automatic  Test Development

Developing the tests for the Bi-FET op amps was done in a manner abet-
icr to previous quad op amp characteriza tions. A-test program and an adapter
card were developed in order to enable test ing with CEOS ’ Tektronix S-3260
automatic IC test system . While the program and adapter were being developed
several devices were analyzed on a Tektronix 577 curve tracer. This manual
test phase is good for discovering anomalies and possible automatic tester
problems. During the early characterization phase, GEOS had a requiremen t
to production test several types of op amps for a military system. For
economic considerations it was decided to build a universal op amp tester
which could be programmed to test 741’s, LM1O8A ’s and the LF155 series Bi-FETS .

Only limited success was achieved with the programmable tester. Although
all 741 type and most Bi-FET static parameters could be tested , the Bi-FET
configuration was not stable in the test modes for ~~ and + 1iB~ 

In these
modes 5 megohm resistors are switched in to the op amp inputs , so that the
low (picoamp) bias cu rrents can make a measurable effect  on the offset
voltage . The complexity of the test adapter prevented any simple c ircuit
“fixes” from working. Bench observations of a tightly configured “breadboard”
test circuit showed that the length and location of the non-inverting input
wiring determined whether the circuit would be stable, oscilla te or be
sensitive to 60 Hz pickup .

An antenna wire on the non-inverting input, depending on its placement,
could yield a mix of sustained oscillations and 60 Hz pickup as well. The
sensitivity to these disturbances was much less severe on the inverting
input , and also when the 5 M j~. resistor(s) was (were) shorted out. Capaci-
tance added from the non-inverting input to ground is also helpful in stabi-
lizing the test circuit. Using the information from these observations a
second adapter was bui l t .  This new adapter was bu ilt with the follow ing
characteristics:

1. The D.U.T. (device under test) socket and all associated components were
designed on an artwork for an etched copper printer circuit board .

2. The D.U.T. (+) and (-) input runs to their connections were made as short
as possible.

3. Relay cans were grounded.

4. The component sid e of the board and much of the run sid e of the boa rd
were left as copper ground planes .
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5. After the component lead holes were drilled , all ungrounded holes had
copper removed with a fluted dr i l l  bi t .

6. De-coupling capacitors were added as close as possible to the I.C. Vcc ’s.

A test circuit is shown in Figure 4-3.

This circuit is very similar to the standard op amp test circuit for
bipola r devices. One major difference is that with relay K8, the bias cur-
rent measurement resistors can be programmed for S Mjtor 100 K gt.. This
feature is required in measuring Bi-FET bias current over the 25C - l25 C
tempe rature range , s ince its magnitud e can increase by a factor of 1000.

Devices were submitted by six t.C. manufacturers to form an industry
test sample. Unfortunately, there are enough difference in the devices to
prevent all the devices from being pooled into a single statistical test
group for all parameters.

Shown below is a schedule of the test groups, device types and quan-
tities.

Test
Group Type Vendors Qty.

1 155 F , S 24
2 156 F , S, A 24

157 S , A , N 24
4 l55A N 19
5 156A N 20
6 l57A 0
7 l55A P 20
8 l56A P 19
9 l57A P 20
10 355 T 9

TOTA L 179

The rationale for the designated test groups are as follows:

1. Between the commercial type 155, 156 and 157 devices there are dif-
ferences in supply current and slew rate.

2. The A subscript parts have tighter front end tolerances that their
non-A counterparts. -
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3. One vendor (P) employs a bias current compensation scheme to give
improved front end characteristics. Statistically pooling this
da ta with tha t of the other vendor sources may obscure the details
of each group.

4. The 355 group is only guaranteed for the 0 - 70°C commercial temper-
ature range.

4.4 Tabulation of Test Data

While this report was being written , the automatic testing of the sample
population of Bi-FET op amps was proceed ing. The test data format is similar
to that presented for the quad op amps and quad comparators in this report
(individual data sheets, statistical data summaries , and histograms).

With the Bi-FET op amps, emphasis is placed on the input bias currents
of the devices. Typical curves of bias current vs. common mode voltage are
shown in Figure 4-4, 4-5, 4-6 and4-7. Correlation between curve tracer and
automatic tester data is shown in Figure 4-8. How temperature effects bias

— 
current is shown in Figure 4-9.

4.5 Discuss ion 
-

The purported improvement of Bi-FET op amps over conventiona l bipolar
IC op amps is in input bias current. The degree of improvement must be
qualified , however , since under certain conditions of either common mode
voltage range or temperature or both , Bi-FET bias currents may be larger
than bipolar device bias currents. With Bi-FET devices, + IiB and - are
gate leakage currents of the fron t end J-FETS . The curves of Figure 4-4
through 4-8 show how bias current varies with common mode voltage for dif-
ferent devices and power supply conditions . It can be seen that each of the
curves is similar to a diode p-n junction volt - ampere characteristic
tu rned up side down .

The orientation of a p-n junction with the same volt - ampere character-
istic as in the observed figures is with the cathode end on the bottom and
the anode end on top. Thus reverse j unct ion current would be in the positive
direction on the curve. The “zener - shape” breakdown at the negative
common mod e voltage extreme is actually the point where the J-FET P-n
junction is forward biased. This is, of course, a forbidden zone to operate

4 

a J-FET and occurs for negative common mode voltage within two volts of the
negative supply rack. Inspection of the device schematic confirms this,
since the source terminal of the J-FET is elevated by three p-n junction
drops from - ~~~ —
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The common mode reverse bias voltage range to the right of the forward
bias knee is the most desirable operating range for low bias current. With
± Vcc • ± 20 V and a common mode voltage range from VCM — -l5V to VCM +5V ,
bias current increases only slightly. Diffusion characteristics , geometry
and minority concentration determine the amount of reverse current.  Reverse
voltage only effects the current indirectly by increasing the effective
depletion layer thickness of the junction. For further increases in positive
common mode voltage , the junction is technically operating in the multi-
plication range. In other words the minority carriers that comprise the
reverse current have sufficient energy to break additiona l valence bonds and
thus multiply the generation of hole-electthn pairs.

In a normal p-n junction avalanche breakdown eventually occurs. When
this happens the current increases at an infinite rate with voltage and the
well kn own “zener clamp ” voltage has been reached . Because there is resistance
in series with the J-FET P-N junction avalanche breakdown does not occur.
However , the bias current that flows will be limited by the supply voltage
levels , the series resistance and the junct ion breakdown characteristics.
In practice this current could be a thousand times the current  at zero c ommon
mode voltage .

In order to provide the user with information on bias current vs common
mode voltage behavior as well as to guarantee it , the MI T .-M-38510/114 slash
sheet specifies bias currenL at four voltage conditions as follows :

I j B @ T  — 2~~~
Condition 

-
~ ± ~~~ Vcm (mm ) (max)

1 ± 20V - ISV -lOOpA 100 pA
2 ± 20V OV -lOO pA 100 pA
3 ± 20V + 15V -lOO pA 2000 pA
4 ± iSV + lOV -lOOpA 300 pA

Test cond ition h a  a check to determine that  at  the negative common mod e
voltage limit the J-FET inputs are not forward biased . Test condition 2
indicates the norma l zero common mode voltage leakage current. It is also
the base line for delta 11B measurements. The breakd own characterist ics of
the device are tested in condition 3 at the positive common mode voltage limit.
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This will always represent the worst case maximum input bias current cond i-
tion. In many user applications with ± ISV supplies , test condition 4
represents the maximum input bias current of the device. The reason for the
non-zero minimum limit is that one of the popular suppliers of the Bi-FET
op amps employs a bias current compensation scheme, which can yield “wrong
polarity” bias current. In this scheme collector current of a bipolar
transistor is designed to trim out the J-FET gate current that flows. Figure a-

4.2 shows how bias current compensation modifies the basic J-FET front end.

As observed at the Bi-FET input terminals , only the d if ference curren t
between the J-FET and bipolar devices shows. Figure 4-5 shows an over-compen-
sated bias current characteristic of a typical device with bias current
compensation .

Ambient temperature is another important condition which effects bias
current. This is so because the leakage current of the devices approximately
double for each 10°C rise in temperature . Figure 4-9 illustrates how the
worst case limits of the devices increase with temperature. It should be
observed that the slash sheet specification on bias current is with regard to
junction temperature conditions .

The reason for Tj measurements is that in automatic production testing,
the devices are processed at a high through-put rate and their junction
temperatures have not had time to stabilize at some delta above the ambient.
If the bias curren t limits were spec if ied as TA, a wait time of from three
to four minutes would be required . Figure 4-10 shows the effect of warm-up
time on bias current. Not only would this add significantly to the cost of
testing , but the limits would have to take into account the package thermal
resistance , dev ice type , and the power supply conditions accord ing to the
relationship Tj — TA + 2 ~~~ tcc 9jA-

where Tj Junction temperature in °C
TA — Ambient temperature in °C

~~~ — Power supply voltage
tcc Wors t case power supp ly curren t

— Package therma l res istance (junc tion - amb ien t)

The user can expec t the opera t ing bias curren t to be from three to four times
the value corresponding to the stated junction temperature value .

4.6 Conclusions and Recommendations

Characterization of the Bi-FET op amps is not complete at the time of

as modif ied by GEOS with regard to bias current are submitted as a tentative a-

specification. When the testing of an industry wide sample of over 100 parts
has been completed , comparisons will be made between the statistical data
and the JC-41 limits to confirm or modify thos. limits as required .

t 

this writing (September 1978). The recommendations of the JC-41. Committee
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NOTES :

1/ All resistors are ± 0.17. tolerance and all capacitors are ± 107. tolerance
unless otherwise specified .

2/ Precautions shall be taken to prevent damage to the D.U.T. during insertion
into socket and change of state of relays (i.e. disable voltage supplies ,
current limit ± ~~~~ etc.)

3/ Compensation capacitors should be added as required for test circuit
stability. Two general methods for s tabi l i ty  compensation exist. One
method is with a capacitor for nulling amp feed back. The other method
is with a capacitor in parallel with the 49.9 K.�?..closed loop feedback
resistor. Both methods should not be used simultaneously. Proper wiring
procedures shall be followed to prevent unwanted coupling and oscillations
etc. Loop response and settling time shall be consistent with the test rate
such that any value has settled for at least 5 loop time constants before
the value is measured.

4/ Adequate settling time shall be allowed such that each parameter has settled
to within 57. of its final value .

SI All relays are shown in the norma l de-energized state.

6/ The nulling amplifier shall be a M38510/IOIOIXXX. Saturation of the nulling
amplifier is not allowed on tests where the E (pin 5) value is measured .

1/ The load resistors 2050fL and 11.1 Iç çL yield effective load resistances of
2 KJ~L and 10 ~~~ respec tively.

8/ Any osc illation greater than 300 mV in amplitude (peak-to-peak) shall be a
cause for device failure.

Ftgur. 4—3. Teut circuit for static tests. (cont~d.)
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Figure 4-7. Bi-FET bias current vs. comeon mode voltag e
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SECT ION V

MIL-M-38510/l15

VOLTAGE REGUlATORS, NEGATIVE

5.1 Background and Introduction

The acceptanc e and popularity of the Integrated Circuit (+ S volt)
Voltage Regulator has prompted the design and manufacture of both positive
and negative fixed output three-termina l voltage regulator families. The
families of positive fixed output voltage regulators chosen for MIL-M-385l0/
107A were the 114140K, LM141H, 7800 and 781100. It was decided by the manu-
facturers , the government and GEOS that as a natura l outgrowt h , the nega t ive
fixed output voltage regulator specification should includ e regulator. frau
the LM12OK, LM12OH, 7900 and 791100 fam ilies .

A survey of powe r requireme nts for linear devices and data converters
(i.e. A/D and D/A converters) indi cates tha t all such dev ices require either
± 15 VDC or ± 12 VDC. A similar su rvey of microprocessors ind icated a need
for a - 5 VDc voitag. regulator. Therefore , GEOS agrees with the decision
to characterize and specify fixed nega t ive output voltage regulators with

• output voltages of -SVDC, -12VDC , -I5VDC and -24Vdc.
• - The following table show s the voltage regulator. included in this spec-

ification fro, these families :

TABLE 5.1: Device Types Specified
• - 

Device Output - Output Comeerc ial
Type Voltage , V Current , A Type

01 - - 5 — 0.5 79t105, 11412011—5.0
02 —12 - 0.5 791112, LM12OH-l2
03 -15 - 0.5 791115, 11112011-15
04 -24 - 0.5 791424, 11412011-24
05 - 5 - 3.0 7905 , U4120K-5.O

06 -12 - 1.0 7912 , LM12OK—l2
07 —15 — 1.0 7915 , 114120K—iS
08 -24 - 10 7924 , Ull2OK-24 
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As a result of the observed design similarity throughout the families
of positive fixed output voltage regulator., and in an effort to economize
on the characterization effort small sample sizes were used . For the 1.0• ampere regulators, the -5VDC and -24VDC devices were obtained. For the 1/2
ampere regulators, -5VDC, -12VDC, -15VDC and -24VDC devices were obtained.
The total quantities of the test samples indicated in the following table weresupplied to CEOS by MDC.

TABLE 5.2: Device Types Characterized

Device 
___________ Quant t~~~~f Devices 

____________Type Vendor A Date Codes Vendor B Date Codes

01 4 +4 *  704, 806 4 642
02 4 626 2 71.2
03 - — 2 516
04 - - 4 + 3 *  543, 632
05 4 648 3 619

• 06 - - - -

07 — - — —

08 4 
— 

725 3 + 2* 628, 816

* GEOS purchased 4 additional units of device type 01 and 3 additional units
of device type 04 for evaluation. Vendor B shipped 2 additional units of
device type 08 for evaluation.

5.2 Description of Device Types

The 7900 and 114120 three-terminal negat ive voltage regulators have
designs with enough similarity that a comeon specification can be developed
to describe both families . Although some des ign differences exist , both
negative voltage families contain the same functional elements. A general
block diagram of these regulators is shown in Figure 5.1. The voltage reg-
ulator consists of a) a start-up circuit to ensure that the device is
rapidly brought into regulation, b) a temperature - compensated voltage
reference, plus a current source to eliminate the effect of the unregulated
input voltage on the reference voltage, c) an error amplifier, d) a current
limiting circuit, e) a thermal shutdown c ircuit , f) a safe operat ing area
protection circuit, g) a series pass transistor and h) laser trtimued
resistors to factors-set the output voltage and peak output current.
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Figure 5.1. Bloc k diagram of the voltage regulator

A detailed discussion of regulator theory can be found in any of the
references listed in sec t ion 5.6. A schematic of the 7900 series equivalent
circuit is shown in Figure 5.2 and a schematic of the 111120 equivalent cir-
cuit is shown in Figure 5.3.
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For the following discussion of the negative voltage regulator, refer
to Figure 5.2. The start-up circuit for this regulator consists of zener
diode Dl and transistors Qi and Q2. The start-up circuit supplies current

• for Q3 which in turn activates the current source transistor Q7. Transistor
Q7 now supplies current to zener diode D2 , and transistor Q2 is shut off.
Voltage reference options of -2.23 V or -6.2 V are made for output voltage
ranges of -5 V to -8 V or -12 V to -24 V respectively.

Most of the voltage reference circuits used in today’s monolithic volt-
age regulators are the bamdgap reference type. A simplified schemat ic of a
bandgap reference is shown in Figure 5.4.
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Figure 5.2. 7900 Equivalent circuit
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Figure 5.3. LM120 Equivalent circuit
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In this circuit, two monolithic transistors operating at different
collector current densities develop a voltage 4 V , at the emitter of Q2.
This voltage has the relationship: ~~ V~~ 

— in and the temperature
t12)

coefficient (TC) of this voltage is positive. When the voltage i~ amplifiedand added to the base-emitter voltage of Q3, which has a negative TC, the
resultant output is:

IT — ~ + 
92 A ir

~REF ~BEQ3 j r ~ ‘BE

By proper adjustment of the gain (R2/R1), the negative TC of VBEQ3 can
be made to cancel the positive TC of 4VBE. The result is a voltage refer-
ence that has nearly zero temperature drift.

In Figure 5.2, the bandgap reference voltage is coupled to the non-
inverting input (Ql0) of the error amplifier. The error amplifier consisting
of transistors QlO through Q13 also receives its bias from the voltage ref-
erenc. circuit via transistor, Q9 and resistor 98. Output voltage feedback
is coupled from the feedback network of 924 & 925 to the inverting input
(QIl) of the error amplifier.. The output of the error amplifier is coupled
to the series-pass transistor Q2O via transistors Ql7, Q18 and resistor Rl2.
Since the series-pass transistor Q20 La operating in an emitter follower

• mode the output must be stabilized with an external capacitor from output to
• ground.

The output voltage of the regulator is controlled by the ratio of the
two resistors 924 and R25. These two resistors are adjusted to optimize
both the bias current for Qll and the output voltage . The output voltage
is determined by the relationship:

(924 + 925)
V0~’~ — (~~ef) (924)

~~~~~~~~~~ The 7900 has three protection circuits to protect the device. Thermal
overload protection is prov ided by trans isto r Q5. The transistor is phys-
ically located near the series-pass transistor . As the temperature rises ,
the V~~, necessary to turn on Q5, decreases . At a predetermined temperature
(greater than 150 C) , transistors Q5 and Q16 turn on and the current to Q1.7
is turned off. Short circuit protection is prov ided by detecting the current

V 

- 

- fl ow through resistor 913. When the voltage drop across Rl3 rises suffi-
• ciem t ly, transistors Ql9 and Q21 will turn on and the current to Ql7 is

turned off. Finally, the safe operating area protection circuit, made up of

fr :~;
-
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NOTES :

1/ Adjust the frequency, amplitude and pulse width of the pulse voltage (Vs)equal to 200 pps , 1.0 volts and 100 usec , respectively.

2/ Apply an input voltage , V jfl(min) ( ~~~~ Vjn(max) .

3/ Set Si to position 2. With Vp — 0 , adjust the offse t null so that
VE O.

4/ Adjust the pulse voltage (Vp) so that the voltage pulse (VE) measured onthe osc illoscope , is equal to the magnitude of the desired load current
(‘L~

5/ Set the osc ill oscope time base to view the 100 us pulse. Set the type
W plug-in for a vertical input attenuator setting of 2 mV/cm and the
display for A-V0.

6/ Set Sl to position 1 and adjust the comparison voltage (V~) for a zerovolt reading 50 usec from the start of the sweep.

7/ Measure and record the voltage V0, (V0 —

• - 
8/ Observe the oscilloscope for any unusual spikes, oscillations, overshoot,

undershoot, droop, blooming, etc.

9/ Repeat setps ij /  through 8/ for each specified combination of load
- 

- - - 
current and input voltage.

Figure 5.5. Test Circuit for Static Tests.
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NOTES:

• 1/ For each device type, adjust Rt for a typical load current of 5 mA.

2/ Adjust V5UU

~~
V in(mjfl)I for the device type under test. Close switch Sl and

observe that the proper voltage is at Vo. Open 51.

~~/ Repeat the conditions defined in 
~
I and 2/ with V5 — - I”Ln(max)I for

each device type under test.

4/ For each device type , adjust 9L for a load current of 350 mA or 500 mA
per Group 2.

5/ Repeat the conditions defined in 2/ and 3/ with the load current cond itions

• 
- 

6/ For each device type, adjust R~ for a typica l maximum load current.

7/ Repeat the conditions defined in 2/ and 3/ with the load current condi-
tions defined in 6/.

A 

defined in i
~
/ .

8/ With 52 closed , repeat the conditions defined in 1/ through ~/.

Figure 5.6. Test circuit for start-up test.
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NOTES :

1/ For each device type, adjust 9~ for a load current of 5 mA per Group I.

2/ Adjust V in — _IVjn(min)l for the device type under test. Close switch Si.

3/ Measure and record the output shortcircuit current. (Ios lin lscd)

4/ Repeat the conditions defined in 1/, 2/ and 3/ with V j0 — 
~Vin~mez)I foreach device type under test.

5/ For each device type , adjust R2 for a load current of 350 or 500 mA per
Group 2.

6/ Repeat the test conditions defined in 2/, 3/ and 4/ with the load condi-
• , - 

t ions defined in 5/.

7/ For each device type, adjust RL for a maximum load current per Group 3.

• - 
8/ Repeat the conditions defined in 2/ , 3/ and 4/ with the load conditions

defined in 7/.

Figure 5.7. Test circuit for output short circuit current .
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Q23, D3, 921, and R30, detects the voltage dropped across the series pass
transistor , Q20, and the series resistor R22. When this voltage drop
exceeds a predetermined value, zener diode D3 turns on and limits the maxi-
mum available regulator current as the input-output voltage increases. The
circuit elements found in the 124120 series voltage regulators and their
operation are very similar to those found in the 7900 series.

The major protective elements in this design are: 
-

Thermal shutdown - Q8, Ql3
Short circuit protection - Ql6, Q20, Q2l, 916
SOA protection - D3, 920, R2i, Rk6 -

5,3 Test Circuits and Test Procedures

The test circuits and test procedures used during the characterization
study are shown in Figures 5.5 through 5.7. These circuits are bench type
setups using non-automatic test equipment ; however, equivalents of these
circuits are readily programeed into an automatic tester. In order to
achieve ± 1 isV accuracy for the output voltage (Vout) measurements , nulling
techniques were employed us ing the voltage comparator available in the Type
W plug-in of the Tektronix Type 585A oscilloscope Measurements of both
the load current and the output voltage were made ua ing this nulling tech-
nique. The two sockets used for the acceptance of both the T03 cases and
the 1~~39 cases were wired in parallel and the regulator input and output
capacitors were soldered to the terminals on the 1D3 socket. The measure-
ment probe was connected directly to either the precision one ohm resistor
leads or the DUT socket terminals in order to ensure accurate current and
voltage measurements.

The start-up test, shown in Figur. 5.6, measures start-up under all of
the extreme combinations of input voltage and load currents . The test is
also performed with a 20 uP capac itor shunting the load to s imulate dist ri-
buted capacitors found in most system applications. The load resistance is

f obtained from a prec ision power resistor decade box and is preselected
before power is applied to the DUT. The power supply is adjustable from 0
to 40 volts and is capable of supplying several amperes at any adjusted
output voltage.

For the Output Short Circuit Test (Pig. 5.7), the ausneters were connected -:
to read input current and standby current simultaneously. This was done to
eliminate the meter resistance from the output circuit when the short is
applied . The recorded value was the short circuit current (I.,,~ — Iin - Iscd).
The power supply used for this test i~ the same unit that is used in the
startup test.
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5.4 Device Characterization

The initia l effort , prior to receipt of the characterization device
samples , was to generate a base line specification similar in format to the
one used for positive regulators based upon the JC4I Committee reconunenda-
tions. Additional recoimnendations were later made to

• a) tighten the standby current drain and standby current drain line
regulation parameter requirements because the tighter requirements
can be met by vendors

b) delete output short circuit current with minimum input voltage
applied because the maximum input voltage condition is a more
stringent requirement

c) move the ripple rejection test
frequency to 2400 Hz because many military sys tems der ive power
from full wave rectified 3-phase 400 Hz generators

d) delete line voltage and load current transient tests because the
large capacitors at the regulator input and output termina ls negates
the validity of these tests

e) delete the thermal coefficient tests because designs do not depend
on this parameter and

f) incorporate the thermal transient test because this test is both a
measure of quality of the chip bond to the ease and a meansure of
the device low frequency rejection capability.

A preliminary copy ot the specification electrical peformance charac-
teristics for device types 01 through 08 is shown in Tables 5.28 through
5.35. Test tables contain the recommendations of the JC41 Committee and
a lso reflect recousnendations arrived at as a result of device anomaly invea-
tigations.

The JC41 Conunittee also reported possible start-up problems on certain

• devices; GEOS evaluation therefore also included stringent start-up tests.
Most of the rema ining wo rk effort on negative voltage regulators was devoted
to the evaluation of device anomalies; such as, a) start-up and output short
circuit current under different input voltage and load current conditions,
b) emitter-follower type oscillations and c) hot socket insertion/ extraction
failures.

A programmable test circuit was built to allow device testing as orig-
inally defined in the base line specification and to allow for additional
investigation of device anomalies. The test circuit schematics and the test
procedures for each test performed are shown and discussed in section 5.3.
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Data was taken in a bench type set up at room temperature on all of
the devices listed in Table 5.2 , except for those devices shown with an
asterisk. These data measurements began with the evaluation of output - 

-

voltage (V0~t) and output short circuit current (Is.) under different inputvoltage and load current conditions. Data taken on device types 01, 02 , 03,
04, 05 and 08 has been tabulated in Tables 5.5 through 5.27. These tables
show the ca lculated mean values of data taken on device type samples for
specified conditions. In addition , the tables show the minimum and maximum
values and their percentage below and above the corresponding mean values .
The results show that the values are all well within the limits shown in
Tables 5.28 through 5.35. However, data was taken only at room temperature
(i.e. 25C ± 5°C). A summary of the device failures and problems is shown
in Table 5.3 and Table 5.4. The significant failures include device failures
resulting from hot socket insertion/extraction and output short circuit
current testing Additionally six of sixteen
units dropped out of regulation in such a way that the output voltage began
to track the input voltage. Outputs as high as -11.8 volts were observed
from the -5.0 volt regulator and as high as -28 volts were observed from
the -24 volt regulator. Data was taken on the three device type 05 failures
to show when the devices stopped regulating as the input voltage and the
output load current we re s imultaneously varied. Figure 5.8 shows the thresh-
old level at which three devices go out of regulation versus input voltage
and load current. Below and to the left of the curve the output voltage was
within specification. Above and to the right of the curve the output volt-
age magnitude increased as the input voltage magnitude increased.

-The output short circuit current failures shown in Table 5.3 were all
catastrophic. Several of tl~ se devices were delidded and photos were taken
of the destroyed devices. These photos are shown in Figures 5.9b and 5.9c .
In each case , the pass transistor of the device was destroyed. An examina-
tion of Table 5.3, Table 5.4 and Tables 5.23 through 5.27 shows that a)
these failures occurred primarily to device type 04 from vendor B and that
b) in general, power dissipation during the output short circuit condition
for all units was far in excess of the capability of a 10-39 case. Power
dissipation was generally in excess of five watts.

• Start-up problems on the other hand were observed chiefly in devices
from vendor A. These problems were observed in device types 01, 05 and 08
as the magnitude of the input voltage was increased. For device type 01,
the problem was observed when the magnitude of the input voltage was greater
than 20-25 volts . For device type 05 and 0€ , the problem was observed when
the magnitude of the input voltage was greater than 30-35 vo lts . S ince
devices could be started at voltages lower than those mentioned above , it
was possible to first start the device sample and then increase the input
voltage beyond the point where start up problems occur. Data tabulation in
Table 5.5 through 5.27 was obtained in this manner, when necessary .
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Hot socket insertion/extraction problems were observed in five device
samples from vendor A. After experiencing these failures, this practice was
stopped . The failure mode of the regulators was a partial short from input
to output.

Emitter-follower type oscillations were observed on several r.gulatcrs
when the output terminals were decoupled with a 1.0 uP ceramic capacitor at
various load conditions. However, the addition of an extra 1.0 uP ceramic
capacitor eliminated these oscillations. Vendors of both the 124120 series
regulators and the 7900 series regulators recommended different stabilizing
capacitors at the output terminals of the two regulator types. Spec sheets
for the 7900 series recommended either a I uP ceramic or a- I uF solid
tanta lum capacitor at the output terminals of the regulator. Spec sheets
for the Uil2O series recommended either a 1 uF solid tantalum or a 25 uP
aluminum electrolitic at the output terminals of the regulator The JC41
Committee has agreed on a recommendation of a 2.0 uF solid tantalum at the
output terminals of the regulator.

5.5 Conclus ions and Recommendations

Several anomalies were observed in characterization of negative voltage
regulators . These anomalies appear to be related and should be investigated
further in order to determine a satisfactory resolution. By far , one of the
most serious failure modes observed during these investigations is the one
in which the output voltage begins to track the input voltage. This anomaly
occurs when the load currents at the output terminals of the regulator are
less than 5 mA . Since these currents are not specified for negative regu-
lators , this anomaly will not be picked up during test. A failure mode of
this type could result in multip le sys tem fa ilures if overvoltage protection
is not designed into the system. It is, therefore, recommended that the
specif ica tion conta in a caution note to indica te the poss ible exis tance of
this failure mode.

The output short circuit current failure mode generally results in the
total destruction of the pass transistor; and thus, an open circuit results
between input and output. This failure mode results in system shut down but
does not cause multip le system failures because of an over-voltage condition.
The desired test time for testing this parameter is five seconds; however,
this would make the costs prohibitive,

• In addition , this test and the
output peak current test are stress tests and should not be performed last
in a test sequence. The JC4L Committee has recommended that these tests be
performed prior to the start-up test , which will be performed last in the
test sequence. The JC4I. Committee will also recommend an adequate start—up
test. In order to eliminate excessive heating of the device under test , the
switch, used to initiate start-up, should be operated at a 2~ duty cycle.
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Ordnance Systems is of the opinion that the device anomalies associated
with negative regulators contradict the MIL-M-38510 objective of rel iability.
The industry none-the-less has experienced a great demand for these devices,

• including military system applications, and reportedly few complaints have
• been received. It is also necessary to point out that the device problems

uncovered during this characterization have not been verified by the industry
at the time of this writing. Further evidence and negotiation is required
at the committee level to determine the appropriate final corrective action.

TABLE 5.3. Sumsary of Failures and Problems by Vendor

Test Vendor A Vendor B

Number of Induced Failures 1 1
• Number of Hot Socket Failures 5 N/A

Number failed Vout 2 4
Number destroyed during ~~ - 6

Number failed Start-up 12 1
Number dropped Out of regulation 2 4
Number units oscillate 3 4
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TABLE 5.11, Line Regulation for Device Typ. 01. 1/

Load Line Regulation (VRL UIE) 4’! t
Current -3SV~~ Vj~~~ -8V 

— 

-25V .~~~ Vj~ ~- -8V Va?~e Unil
(Ii)

+ 7 + 5 Mm •v
50 mA + 12.5 + 9.5 Mean

+17 +15 Max
- 5 6  + 5 Mm

350 mA - 17 2/ + 10.6 Mean
+10 +20 Max

Spec. (1L — 50 mA; -35’! ~~~~ ~ -8V) VRLI~~ — ± 150 aV
(1L 350 mA; -25V~~ Vj~~ -8V) VRL INE — ± 50 mV

Notes: I The sean value of the line regulation measurements
is based on six device samples from two manufacturers.

• 2/ Only three samples from one manufacturer continued
to regulate. This is an unspecified condition.

TABLE 5.12. Line Regulation for Device Type 02. 
~~
/

Load Line Regulation (V~~~~ )
Current • __________________ 4Vo’s.t

(1i) 35 ~ V1~ ~ -ISV 32V~~ Vj~ ~~-l5V Value Unit

+ 3  + 0  Mm my
SOM + 8.8 + 8 Mean

+15 +15 - - Max
+ 3  + 1  Mm

3SO M + 1518 + 12.7 Mean
+30 +25 Max

• Spec. (IL 30 U; -35V 
~~~~~~ 

1W) ‘V ItLUIE — ± 360 my
(IL - 350 U; 32V~~ V j0 ~ 15V) V~~~~g — ± 120 mY

Notes : 
~~
/ The mean value of the line regulation measurements

is based on six device samples fro. two manufacturers.

V~22
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TABLE 5.13. Line Regulation for Device Type 03, 1/

Load Line Regulation (VRLtNE)
Current 

- ____________________

(IL) -35V~~ V~~ ~ -18.5V -3OV~~Vth .~~ -l8.5V Value Unit

+ 2  + 2  Mm mV
5CM + 6  + 6  Mean

+10 +10 Max
+15 + 5 Mm

350 mA +20 +10 Mean
+25 +15 Max

Spec . (IL — 350 mA; -35V 
~ 
Vth~~ -15.5V) VRLUIE — ± 150 mV

Notes: 1/ The mean value of the line regulation measurements is
based on two device samples from one manufacturer .

TABLE 5.14: Line Regulator for Device Type 04. 1’

Load Line Regula tion (VRLUIE)Curren t 
____________________

(IL) 40V 
~ 

Yin ~ -28v -40K ,~~~ 
V~~ ~ -28V Value Unit

- 6  0 Mm mV
50 mA + 375 + 375 Mean

+ 7 + 7 Max

— 2 — 2 Mm
350 U + 825 + 6.5 Mean

+20 +13 Max

Spec. (1L 50 M; -4OV~~~V1~~~ -28’!) VRL~~~~~~± 72O mV
(1L — 350 U; - 38V *~Vj~~ -28’!) VRLI~~ ± 240 mY

Not.s : 1/ The mean value of the line regulation measurements is
- ‘ based on four device samples from one manufacturer.

V-23
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TABLE 3.15. Line Regulation for Device Type 05. 1/

Load Line Regulation (V
~~INE)

Current — _______________ AVout
(IL) 35V~~~Yi~~ -8’! -20V ,~. V 1~~~ -8V Value Unit

+ 9  + 4  Mii’s aV
100 U + 10.3 2/ + 7.5 Mean

+12 
— + 9  Max

+ 10 + 6  Mm
350 mA + 12 • 2/ + 7.7 Mean

+14 +10 Max

Spec. (IL — 
~~~~ 

- 35V 
~ ~ia ~ $v) 

~lLINE — ± 150 o’sA
(1L — .5A; - 25V~~~~~~, V jn~~~~~ ~8V)~~RLtNE — ± 150 U

Notes: 1/ The mean value of the line regulation measurements
is based on six device samples from two manufacturers.

2] Only three samples from one manufacturer continued
to regulate at Vin — s~35V.

TABLE 5.16. Line Regulation for Device Type 08. 1’

Load Line Regulation (V
~~UIE)Current 

_________________ ________________ ~~Vout
(IL) “40’! ~ ~~~ ,~ -28V ~38V~~ Yj~ ~ -28’! Value Unit

-2 0  -15 Mm aV
100 U + 1.0 - .25 Mean

+15 +10 Max

— 7 — 5 Mm
500 M + 7.1 + 6.25 Mean

+22 +15 Max

Spec . (IL — 100 U; 4OV~~~ Vin~~ -28V) VRLUIE — * 720 mY
(1L — 500 U; -38V ~ Yin~~ -28’!) V

~~UIg — ± 240 mY

Note: 1) The mean value of th. line regulation measurements
is based on eight device samples from two manufacturers .

V-24
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TABLE 5.17. Load Regulation for Device Type 01. 1/

Input Load Regulation (VRLQ~D)
- - Voltage 

__________________  _______________  t~Vout(Yin) 5U ~~~tj~~~500 mA 5U
~~~IL~~~50 mA Values Unit

-50 -12 Mm isV- b y  - 32.3 - 3.5 Mean
- 5 + 1 Max

- 1 4  Mm
-35V N/A 2/ - 6.5 Mean

- 0 Max

Spec. (Vin - -b y; 5 mA ~ IL~ 500 mA) VRL0~~ — ± 100 isV
(V in — -35V; S mA~~ 1L ~ 50 U) VRLQ~D — ± 150 mV

Notes: 1/ The mean va lue of the load regulation measurements is
based on six device samples from two manufacturers.

2/ None of the device samples continued to operate. This
is an unspecified condition. Three samples from one
manufacturer continued to regulate with 

~~ 
— 35V

and 5 mA~~ I~~-~ 350 mA. The mean 
~~Vout for these

conditions was -16.7 mV.

TABLE 5.18. Load Regulation for Device Type 02. 1/

Input Load Regulation (VR~~~D)
Voltage _____________________ ___________________ 4~out(Yin) 5 mA 

~ 
I~ ~ 500 U 5 U~~ 1L ( 50 mA Values Unit

• - 50  -12 Mm isV
- 17V — 32.2 — 6.7 Mean

-15 - I Max

- 235 -10 Mm
- 35V - 82 - 7 Mean

- 35 +10 Max

Spec . (Yin — - 17’!; 5 U ~ 1L ~ 500 U) Vg~~~D — ± 240 mV
(Vmn~~~~~

3 5 V ;5 M
~~~
IL~~ 

SO U) VR~~~D ± 360 mV

Note 1/ The mean va lue of the load regulation measurements is
• based on six device samples from two manufacturers .
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TABLE 5.19. Load Regulation for Device Type 03. i~

Input Load Regulation (V~~Q&D)Voltage 
___________________ __________________ ~ Vout

(Y in) 5 mA ~~ IL ~ 500 U 5 mA~~ I
~~

-
~ 

50 U Va l ues Juits

- 2 5  + 3  Mm my
•18.5 v - 2.5 + 4 Mean

+20 + 5  Max

+ 5 - 1 3 Mm
-35 Y + 7,5 + 6 Mean

+10 + 2 5  Max

Spec. (Yin — - 20Y; 5 U ‘I~ 
.~~~ 500 U) VRL~~D ± 300 isV

(Yin — - 35V 5 U~~ 1L -~ 
50 mA) VRL~~ 

— ± 450 mV

NOTE: 1/ The mean value of the load regulation measurements is
based on two device samples from one manufacturer.

TABLE 5.20. Load Regulation for Device Type 04. 1/

Input Load Regulation (VRLO~~)Voltage 
____________________ __________ _______ 

4Vout
(Vin) 5U~~~IL~~~5OO U 5U~~~IL~~~

SOU Values Jnits

-70 -10 Mm isV
-30 V - 36.3 - 3 Mean

- 2 + 3 Max

- 4 5  - 8 Mm
- 40 V -28 - 4.75 Mean

- 1 2  +12 Max

Spec. (Vtn ’3OV S U4IL~~~
S00mA) VR~~~D

± 4SO isV
(Yifl - -40V ; 5 U~~ 1L ~ 50 U) VRL~~D 

— ± 720 mV

NOTES : 
~~
/ The mean value of the load regulation measurements is

- • based on four device types from one manufacturer.
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TABLE 5.21. Load Regulation for Device Type 05. 1/

Input Load Regulation (VRLOAD)
Voltage 

_______________ __________________ 4Vout
(Yin) 5 U~~~IL~~~1.0 A 5 U~~~IL~~~lOO isA Value Unit

- 13  - 5 3  Mm isV
-1O V - 4.3 -45 Mean

+ 3 - 3 8  Max

-1 3  - 4 9  Mm
- 35 V - 8.5 2/ - 44.5 2/ Mean

- 4 -40 Max

Spec . (Yin — -tOy; 5 U .
~~~ ~~~ 

1.0 A) VRL~~ D ± 100 isV
(Yin — -35V ; 5 U 

~ 
1L ~ lOOM) VRLOAD — ± 150 mY

NOTES : 1/ The mean value of the load regulation measurements is
based on six device samples from two manufacturers.

2/ Only two device samples continued to regulate with
Yin — 35V, 1L — 5 isA

TABLE 5. 22. Load Regulation for Device Type 08. 1/

Input Load Regulation (‘!RLOIAD)
Voltage 

___________________ ___________________

• (Yin) 5M~~~IL~~~1.O A  5 U~~~IL~~~l00 mA Value Unit

-80  -15 Mm mV
- 30V - 42.5 - 0.5 Mean

+25 + 2 5

- 90  -10 Mm
40’! - 4 5  2/ - 2 8  2/ Mean

+20 +15 Max

Spec. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
(Yin - .40V; 5 M.~ 1L~ 

lOOM) Vg~~~ • 720 isV

NOTES: 1/ The mean value of the load regulation measur~~~nts ii
based on eight d vice samples from two manufacturers .

2/ One device sampl. fail ed to regulate with Vix —
-

• -40 V , 1L 5 ”
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TABLE 5.23. Output Short Circuit Current for Device Type 01. 1/

Input Output Short
Voltage Circuit Current (i~~)mix mean max Unit

- lO V 600 650 740 U
- 2 5 Y 310 362 440
-35 V 1.2 146 300

Spec . (Yin -1O V) 10U~~~I05(2.0OA
(Yin -25 V) l0U~~~I05~~~ l.5O A
(Yin — - 35 V) 10 mA~~ 1os ~ 1.00 A

NOTE: 1/ The mean value of the output short circuit current
measurements is based on six device samples from two
manufacturers.

TABLE 5.24. Output Short Circuit Current for Device Type 02. 1/

Input Output Short
Voltage Circuit Current (I~~)mean max Unit

-l7 V 560 679 780 U
-32 V 210 432 2/ 560
- 3 5 V 150 384 ~

‘/ 480

Spec. (Yin — - 1 7  V) IOU ,
~ 

1
~s~~ 

1.75 A
(Yin~~~~ 32 V) l0U~~~ I05~~~~l.50 A
(Vix - 3 5 V) l0U~~~I05~~~l.00 A

NOTES: 1/ The mean value of the output short circuit current
measurements is based on six device samples from two
manufacturers.

• • 
2/ One unit fa iled after the initial test measur~~~~nt.

-I
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TABLE 5.25. Output Short Circuit Current for Device Type 03. 1/

Input Output Short
Voltage Circuit Current (I~~)

(Yj~) .in mean max Unit

-2 0 V 540 555 570 U
- 2 7 V 350 355 360
- 3 5 V 4 4 4

Spec . (Vin — -20 V) 10 U ~ Ios~~ 1.75
(V j~ -35 V) IOU~~ ~~~~ 1.00

NOTE: 1/ The mean value of the output short circuit current
measurements is based on two device samples from one
manufacturer.

TABLE 5.26. Output Short Circuit Current for Device Type 05. ~J
Input Output Short

Voltage Circuit Current (Is,)
(Vin) mm mean max Unit

— 10 V 1.0 1.1 1.25 A
- 2 5 V .3 0.37 .4 A
- 3 5 V 2.5 2.75 3.2 U

Spec. (Yin lOY) 20M~~~I05~~~4.0O A
(Vin 25V) 20M~~~I05~~~3.OO A
(V m~~~~- 35V) 2OU~~~I05~~~2 .00 A

NOTE: 1’ The mean value of the output short circuit current
measurements is based on three samples from one vendor.
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TABLE 5.2 7 .  Output Short Circuit Current for Device Type 08. 1/

Input Output Short
Voltage Circuit Current (I~~)

(Yin) am mean max Unit

- 30V 13 696 1100 U
- 3eV 2.9 469 800 U
- 40V 2.8 420 750 U

Spec . (Yin — - 30V) 20 U ~ ~~ ~ 2.50 A
(Vmn - - 38V) 20 mA~~ 1oa ~ 2.00 A
(Yin — - 40V) 20 U~~ I~~ ~ 2 .00 A

NOTE : 1/ The mean value of the output short circuit current is
based on nine device samples from two manufacturers. 
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TABLE 5.28. Electrical perfo rmance characteristics for device type 01

I Characteristics S ithol 
~~~ ~~~~~~~~~ 

sPe~~~~~~) ~~~~~~~~~~~~~~ UflU~

Output voltage -~ V0~~ V
1~~ •4v • (atA , 0$ A ~~~~ —4.2~ V

I~~° 5mA , O4A S~aS~~4~;.f v
~~ 1N ~~~~~~~~~~~ 

. 5mA , 5~ mA —3 55 —4~~$ V

________________ 

V 1~ ~— I V  T~ 150°C —S~3o— 4 7~ V

Line regulation ~ ~~ -~~~ 
v • ~~ ~~~ ~~____J~U V V 1 N ~~ v .~~~~~ ~~~~

Load regulation 
~RLOAD V IN -— b Y SmA 

~
- 1L ~~~~~~~~~ —lbD ISO mV

-4~~ $~~ mV

current 1SCD ~fN 
—JO V 1

~ 
• 3fl%A 0.1 .3.0 ~~~

V~~ = -3f V 1
~ “~ 0J  + 9 MA

Standby current AISCD i~T~~N~~
.V  •y

~~~~~~
— 

~~~~~~~~~~ j~~ mK• drain change
(versus line vol tage) ‘

Standby current 
~

1sc~ ~~ ‘~~ Ø V $ ~ ~~. 
1
~ 

< 0.1 0.1 ~drain change 11 d(versus load current) oa

Output short circuit 
~~ 

A
current v 1~1 ~~~~~~~ 0.01 /~ 5~ A

_________________ ______ 
V 114 •—~~

‘V Aol p.99 A
Peak ou tput current 1pk ~~ r..Sv3forced See figure  9 0.$ .~.D- 

A
• 

~~~~~~~

Ripple rejection 
~
V !N V IN ‘—li v • IlfmA See figure 10 S’~1 - dO

~ ~~~~~~~ 
meter Bw

• OUT -1 rms lO Uz to
_____ ____________- _______________ 

10 kHz 
—Output noise voltage N0 V IN ‘—liv • ~~nA See figure 11 - 

~~~~~~ ~~r s
_ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _  _________ 

TA 25C
The~mmI Vajq V~~ 

— ISV I..’ 500 s-nA -30 +50 m V
_ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

T~ia~•c
~~~1?~~~ e S*~~~1IJ ~

f 
~~~~~~~~~~~ j~~: .~~~~~

9’  Jj .. c~ m,4 ~~~ f~~u4~~ ~~~ ~~~~

~~~~~~~~~~~~~~ ~~~~~ &~~~-i9V .T4’fm j 1Il.:4 _  
~° ° W

__ T £j, ~ -/0 V 
- 

: ~~~ _ _ _ _ _ _  

T 2t

- ‘~~~~~~
‘ . IlOIC: Al l  tests performed at TA ~ 125°C may. at the manufactur er’s

option, be performed ~~~ TA a 
~~~~ Specifications for TA 125°C

shall then apply •~ TA 
m 150°C.

•*~

~ 
•
~~~~~~~ V—3l 

- - -- 
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TABLE 5—29. Electrical performance characteristics for device tYPe O~

Characteristics $s,tol ~~ tOflS (fiqtlre 
Lod current 

specifIed) Lim its

Output voltage VOUT YIN 
..)SV 1

~ ~~~ S’’ ~Cl.L~d 14 V
- I~~° SM, 0.5* 4~~~d ~1!~~ V

-

~ 
1L S~ —ia.~, —ui v

__________________ ______  ~1N ~~••~~~ V 1L S’” TA • 150°C —1Z.7a. —// .aj V

Li ne regulation VRL,NE —1$’V < V IN —g~v I~ • ~~~mA 3
_ _ _ _ _ _ _ _ _ _ _  _ _ _ _  ~

32V <V IN <..Af v 1L
u 3~~ mA .120 ISO mY

Load regulation 
~RLOAD V 1~ 

.
~~~~~ V ~~~~~~~ 

~ 
1L <.fO~a’4 —~~~~~ ~~ 

mY

_ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _  

I
L <304U14 -360 368 mY

Standby current 1
SCD V IN •—)7 V I~ f t A  o l  3.0 mAdrain 

~111 
.

~~~~~~~, S’” o.l 4., ~~
Standby current AI SCO ~35V e V IN ~~~ V I~ • 3M .1.0 14 mAdrain change ‘li(versus line voltage) ne 

- ________________ __________________ ____________

Sta ndby current 
~
1SCD ~1N ~~~~ V 

- 
J’”~ ~ 

1L ~.3~0m4 0.5 0.5 nAdrain change 
‘1 d(versus load current) oa

Output short circuit 
~~ Acurrent 

V 1~4 ~~~ o.oi ISO A

_ _ _ _ _  ___________ _ _ _ _ _ _  

V IN .
~~~~ V Qol /00 A

Peak output current 1pk ~111 •—WV~forced See figure 9 04 a.. A
AV0u1 P.13 V

Ripple rejection AV IN YIN ~~~~~ V I~ • l2(mA See flqure 10 $14 — 4K
• ~ V meter 11W

OUT ~I ‘ rtns lO Hz to
A f ~Z4~~iIz _____________________ 

10 kIlz 
—Output noisn vol tage N0 V IN ~l? V I, • ØmA See figure I l  — aso ,,v

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TA 25C mis

Thepma t Vim, 
~ m~” 

—22 1’ I~ SOOmA 
~~~~~~~ 

2c ’c -120 120 nil’

V.ItdJue S~~rtUgIl~ V~~~r ~~~~~ ~~~~~~ 
I~ ccc mA See 

~~~~ ~~~~~~~ ~~~~ &‘

4~ PE t~inrst,i t 4-~b!~ V 
. - ,?V 1 • (mA 34( ul~j a1j IZ 39• 

lo vg~, 
~~~~ l’ s

teed l~eass*n7
’ 4 4wp ,~~ y Z~’ (DmA 

— —
~ 

I4~” - 
4j~ a.2Doau,,4 — 2 5  ~~

NOTE: All tests p*rformed at T
* 

• 125°C may, at the manufacturer’s
option. be performed at T

~ 
• 150°C. Specifications for T

* 
12%°C

-

• shill theil apply at T
~~
.l5O’C.

V°’32
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TABLE 5—30. rid-. tr1 al ~ei roru~,ince r.h.,i- .,r:tnricth.s for device type 03

Conditions (f~~ure 8 unless otherwise specified) Limit sCharacteristics S~~ ol lnput vol tage Load current Other ~~~ 
Units

Output voltage VOUT V 1~1 .JtS’V S’mA. 0.5* “M~?1 ‘IIsf V
1~~• (mA , O.SA -/473 /4L2S’ V

V 111 .a5
’V I~ . S mA, ~~ mA /S.7( ‘/V ~L V

_________ ______ 

V IN ~~~I) V 1L 
___________ 

TA 150°C •~flo —I~~~,0 V

Line regulation VAu Nt 4CV 
~~ 

V 1~ ~~~~~~~ - 3~~ mA ~~~ mV

Load regulation Vqi0~ü ~!N ~~~~ 
(mA < I~ ~$~mm4 —30e 368 mY

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  ~
‘1N a..3$’V 4’fllA < I

~ 
:~.6•D•.~4 ~~~ mV

Standby current ~~~ V 11, 48 V 1L 5mA 0.1 3.e mA
drain 

~111 ~~~~~~~~~~ — SCIA 0., ,.. ~
Standby current AI SCo 3.5 V < V 1~ ~~~ TL fmA -,.

~~ 
1.0 mA

drain change ‘11(versus line voltage) ne, 
— —Standby current 

~~~~ 
V 111 —28 V - (mA 

~~
- 
TL <5~~ma$ — .5 0.5 mA

drain change Ii d(versus load current) oa

Out put short circu i t 
~~ ~1t4 -—25’V ~~DI ~~~ -A

curre n t 
~~ 

0.01 ~~~~~~ A

Peak output current ‘pk ~1n °.-$&(v; See f igure 9 04’ 
~~.0 A

forced

• ____________________ _______ 

AV 0u1 J.~~ V ___________________ ___________ — — —Ripple rejection AV IN V 1~ -—N V — IZS’mA See figure 10 — dB
- I ~ 

iiv~ter 11W
0111 I , ur. 10 II, Lu

A I 1!) kH,
Output noise vol tage N

0 - 7~~ I°~
’ • 1L — ~~ mA 

— 

See figure 11 - 100
_______________ _____ __________ ______________ 

1A 2 5 C
T?lerma I 

—-______ _ _ _ _ _ _ _ _ _  _ _ _ _ _

V~ V,N:’ 25V 11’SODmA T~~
Z(1C .

~~Q 1(0 IflY

v
~/rar~ 

S1~rPtR, ~sr44r i~ 
..3~

p J~ 
- 

~erfij ai.e / 1 1S~~ /4.~ V

• “
~ ;::‘ ~ 

±4~ -~~ o v 4’ (mA See/ I - ~~~~~~~ m7~

4..d tP-iiftI/d * t A b4,,’ v ~ ~~~~~~~~ 2~: .fOmA £eefsssa~vl • 
—

I- dAZ~2 .200flh 4 - 
- ~~~~

!‘ 
‘~~

110Th: All tests perfo,in.’d at TA • l2~~C may, at the manufacturer’s
option, be performed at TA 150°C. Specifications for T

* 
• 125°C

• shall then apply at • 150°C.
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TABLE 5—31. Electrical performance characteristics for device type 044

Cha racter istics S~inbol 
Conditions (fin re 8 unless otherwise specified) Limits UnitsInput voltage Load current Other MT~~ R~

Output voltage YOUT V IN .4$V IL - 5’mA, 0.5 A .ZS~21 —.U8 v
V 1~~

a.31V I~~~ SmA , 0.5 * 43 ..20 -i22.$C V

YIN - V  I~~
a $mA , ~~~M ~U2b .22.10 V

_________________ ______ 

YIN -.,J v  I~ - SeA TA = 150°C i~~.~~q=~ad~ V

L ine regulat ion ~~~~~ .4l9y~ ~~ -~ .flV I~ ~~ mA 428 7~~~ 
mY

~ $V~~ V 1~~~~g$r I1 - $OIUA 2 mY

Load regulation V~10~~ Y IN .—3 V 5 mA < I~ ~~. SPD,,, —* 4~~ mY

V IN - V  fm A < 1 1 c S~m4  -728 728 mV

Standby current ~~~ YIN -—30 V 1L 
a (mA A l  410 m A

drain Y IN a . V  I
~ 

- 3m! 0.1 4.o mA

Standby current AI SCD 40Y~ V IN ~—i1V I~ - 3m! —J.9 ~~
, mA

drain change
j~nrcuc line vnlta!je- ) (line) 

— __________________ ____________ —

Standby current Al 5~p 
Y IN -~6 V (mA < I~ < .44’ •.f mA

drain change
(versus load current) (l oad )

Output short circuit 10S Y IN -.30 V 0.0, /..as A
current

__________________ ______ 

YIN =.. V DO! / 00  A

Peak output current I~~ YIN il V forced See figure 9 0$ 2 0  A

___________________ _______ 

AV OUT 2.$ V 
__________________ ____________ -

~~~~~~ ——
Ripple rejection AY IN YIN =30 V I~ I~~

’mA See figure 10 5~4 — dil

~AV~~~ e ° I V  meter Bw
m s  lO Hz to

____________________ _______ 
A f - .Z4d~~~~ ____________________ 

10 kHz 
—

Output noise voltage N0 V IN ~10 V I~ 
a mA See figure 11 — SO0 pV~~~

_____________  _____  ___________  _____________  ________  —

l4e~’-maI V~ , V,,~ - 34V I~’ SOOrn A 
7-- as’c 

-.240 2’/-0 reV
&/&/~~

‘
~~~~~~~~ 5/i.-t~1 ~~STA1T ~~~~~~~~ .z~~ 

ç~~ m4 5eef~~ efl -~2f~ .41.2 iT
1rne ~~~.,e i fee fysee 12 — 30

~~~ 

- 301’ 4 74e 2 t

~oY J a  rom4 Sm
- 

I.et,.*1a 
- 

óta Z0’)n’4 1J41€ 25

NOTE: A l l tests performed at TA — 125°C may, at the manufacturer s

option, he performed at TA 
a j 5~~c• Specifications for TA 

a 125°C
shall then apply at TA 150°C.
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TABLE 5—32. Electrical performance characteristics for device type 0$

• Characteristics S o 1  ; ~~~~~~~~~~~~ R untess otherwise specif ted) Umits

~Output voltage V OUT V !N
a
~lV - (mA . 1.0 * -$u4’ 73 V

Y IN ‘—~0 V  I~ (mA , J.O A .343’ 4~~~( 
V

V 111 -4S
~~t 

Ii - Sm!. 0.1 A ..(j$ ..44.7J’ V

V IH —%0 V -. $n1~ T
* 

icn~c ~~~~ 470 V

Line regulation VR, INE isp ’: YIN _ 8  ~‘ ‘
~ 

0.5 A uJ5~~ 
I.~ mY

V IN <4 ~~~ 
I~ - ~~~ 

A -7,~ 7,ç mY

Load regulation 
~RLOAU V 111 10V (mA < 1L ~~ 

/.DA .~~~~~ 5~~
-

— _____ 

‘ IN 5-41 V Ss,A 1L 
< 0./A 4~~ 1~~ ~flV

Standby current 15CD V IN ~~—)D V a faA 0.5 3.0 mA
dra in Y IN ~.3$ v IL = .f nA or  4.0 mA 

I
:

Standby cdrrent AI S~~ MV V 1~ • —BV I~ - 3mA ~~%,.0 1.0 mA
drain change
(versus line voltage) ne

Standby cu rrent Msc~ 
Y IN 10 ~i $1M 11 ~~~J.DA 

— 
0.5’ 0 4

drain change ‘1 d(versus load current) oa

Output short circuit I~ .
current -

~ ~IN -ZS V 0.02. 3.30 A

____________  ____  

Y IN .-3JV 0.02. 2.00 A

Peak Output current 1pk ~~ -
~=O V;forced See figure 9 /.p 4.. A

_ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _  _ _ _  —

Ripple rejection AV 1~ V IM ~10v I~ - 3~~~mA Sec. figure 10 5~~~~ 
- dli

• ~ 
meter RU

OUT “I 110 II? to
__________________ ______ 

n I -
~ 2 40Q$,~ __________________ ~lQ kllz

ThepmII 
—

Re3i li ta•s VATN Vffip ’ — ~~~
, 

1k,’ ~~~ TA’ 2S~~ 
50 Sb mV

1~J , ~~r -1~~I’ •l~,’ 0./ A ,~~( ~4V,~I
b1Q/7’d~e �tu-tup 1

~sr*tr 
&4~4

: —20i’ 

- 

.Z~ 
a.~~ i4mf -S’r -v.4 -,7~ jf

_ _ _ _ _ _ _ _ _  ~at’! &~: - ‘o ” 2~,a nA Sse f ?J ueit - i o ’~~~ H
- ;- bi~i,./ tp m s,g~7’ A V.sti 

~~~~~~~~~~~~~~~~ 
J4

t iDD*4 I~~~?j ~~(I~
1--- ’ 

- 
_ _ _ _ _ _ _ _ _ _ _ _  zr’ ~~~ 4j.-~D9m~4 — _ _ _ _ _ _ _

NOTI: All test .  performed at T~ 125°t may, at the manufacturer’s
option , be performed at T~ 

- 150°C. Specifications for 1
* 

125°C

shal l then apply at T~ = 150°C.
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TABLE 5—33. Electrical performance characteristics for device type 0~~

Characteristics Symbol Conditions (figure 8 unless otherwise specified ) Lim 1~ s
Input vol tage Load current Other ~~~~~ 

-~~~~-~~—-— (JO ts

Output voltage V~~1 V IM ~‘IS V I~ = (mA. 5.0 A -L~.~D —!/ .~ 4 v
V i~ 

=-
~~~ 

V 1L — $ mnA, 1.0 A J2.~o —
)).‘M V p

V IM ~~‘V 1L (mA , ~.1 A —~ .~,o— il4d v

____________________ _______ 

Y IN —57 V I~ $ mA TA 150°C —Ia~7z V

Line regulation VRLI NE 35V < V IM <.t5V ~ 
a ••~ -3~8 30 mY

______________ _____ 

V IM < .~~y I
~• 

= 04A —120 20 mV

Load regulation VRLOAD V IM -—17 V 3’a~~ ~ ~ 1.04 2~ 2~ mV

______________ _____ 

V IM •35 V - $15b4 - 5. 0./4 
_________ 

30 3~~ mV

Standby current ~~~ V 1~ -—57 V — Sm! 03 3.0 mA
dra in V IM *.35 v 1

~ 
5mA Os 4.~ mA

Standby current MSt~ 
32v < V1~ < . A5V Ii - (mA —5.0 /~O mA

drain change ‘11 
- - -

(versus line voltage) ‘

Ai cri, V IM ~ S? V I~ ~ I.0~f 
0.5 04 iii!

(versus lodd current) 
________ __________________

Output short circuit 1~~ 
--

current
V IM -32. V 0.D& 3.~ço A

____________  ____  

Y IN -~3SV 002 .  20 9  A

Peak output current 1pk Y IN —LfV;forced See fi gure 9 /9 41.0 A

1.13 V
Ripple rejection t

~
V IN Vi~ 

.57 V I~ = 316 mA See figure 10 - dB
a,, meter

OUT e1 ‘ ran 10 Hz to
__________________ ______ 

P f 240014. 
_________________ 

10 kHz 
- -

Output noise vol tage N0 Y IN a l ?  V a 0.1 A See figure 11 - 2Jb iu V
______________  _____ ___________ _____________ 

TA 2S°C - ms

Therrnsl
Re,telafgoh VkrH ~4 22 V IL: / 0 

~ 74’ 23 ‘C - ‘~~~ ~~ ~

/oThi~eSTa#tsi/ L4i7M7 s~~~aa7 V Z~~I.t4 Setf ~~ e/ 4 i-~’4C - l /~~~ C V
A,pie #ia,i s,eml ~~~~ ,, - — /7V r (m4 /Ilt .30‘- 7, 2(~~~

4 ~~~~rnnf A 54.ii,’ , /7k’ ~~~ doemA See fs~ u~~~4 
—

4 

leJ,..j ’se 
____ _________ 

6 3a  *oOi~A -

NOTE : A l l  tests performed at T~ a 125°C may, at the manufacturer’s

option, be performed at  TA - 150°C. SpecifIcations for TA 125°C
shall  then apply at TA 150°C.
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TABLE 5—34 . Electrica l performance charact eristics ’ for devi’;e type 07

Characteristics Symbol Conditions (figure 8 unless otherwlsa specifictL U! t__ units

Output vo l tage Y0~.1. V 111 ---j~ .3V ~I. 
= $mA , 5.O A -..‘Sz~ —1Vs~ v

-‘ ~flI --so V 1L ° ~ ~~~ 10 A ‘flj Mi3’ 
~

~IN —3�~V 1L - (mA , 0.1 A — I~;c—,4.2. V

—______________ ______ 
V IFI ‘ i)~ V I~ (mA TA — 150°C 

~~ 
—141~ID V

Line regulation YRLINE —33’V < V
1~ ~~~

‘
~
‘
~L 

= 0.SA .116 ISO mV

loa d regulation VRLOAD V IM =-~O V (mA 
~~. 

1L 5. /~04 -.300 300 mY

_ _ _ _ _ _ _ _ _ _ _ _  ____  

V 111 
a~~ $’ V ,5 r1A < I 1 < O.,A 

_ _ _ _ _ _ _  

-
~~~~~ 416 mY

Standby current 1SCD v 1~1 =—
~~~ v — (mAe 0.5 3.0 ptA

dra ~ 
~~~~~~~ ‘L = (n~ 

_ _ _ _ _—.  
9.5 4.t~ 

n~A

Standby cur ren t  AI
SCO ~33’V < V1~1 5.-JUV11 (mA —1. 0 1~O 

mA
drain change ‘ii 

-

(versus line voltage) ne

Standby current AI~~ V 111 =40V -$~m A < I 1 < /.O,4 -04 04 mAdrain change 11 d(versus load current) oa

(hstput. shnrt r.irc t ilt 1~ , V 1~1 ~—2O -V 0.02. 3~,5D A
t 

V
III 

- -  as v O.Dz. 2..DC A

Peak output current 1pk V IM -—II. ~~v; See figure 9 1.0 4.0. A
forced

1.~~~Y
Ri pple rejection 

~~~ 
V IN ~—20 v = 

~~~ ‘ f i jtire 10 5~~ 
- tin

~~
,, 

— , meter I~W
OUT i rat s lO IIz to

________________ ______ 
0 1 - 240O~~~ __________________ 

10 ku, 
—Ou tput no ise vol tage N0 V IM —20 V ‘L 0.1 A See figure 11 — 300 ~~~

_____________  ____ ___________  _____________  A 2 5 C
Thermal

V~ V,,,’ - 2~’V I,s l~ OA 

~~ 
.
~ 

-,so iso my

V~,cr~ e ~~~~~~~~~ ~sr~ijr S,~ 39’-’ 2~ = / 0 4  .Seefij .me/i ‘S. ~~~ 2

L#.e lPqi,s#en7’ Ak ’•~ ~g : -20 V .1: (m,4 See fs,~
u
~
,i 30 myv

fret/ante I*~ £ 74a 2CC. — —
- ~2 0 V 2i~ 

s çLoornA SaJ~~u~i1 
~~

hOlE: All tests perfonned at TA = 125°C may, at the manufacturer ’s
option , be performed at TA = 150°C. Specifications for TA a 125°C
shall then apply at  T

* 
— 150°C.
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TABLE 5—35. Electrical performance characteristics for device tyj~~0$

Chara teristics S~—~tol 
Conditions (figure 8 unless otherwise spf~ç if ied ) 

— 
Limits tI l ts

1
C Inpu t vol tage Load current Other P-4T~r Max

Output voltage VOUT V IM —21V 1L - SmA , 1.O A —2S.JI —U-Id V
V IM =.3$ V IL = (mA, 1.O A —Z(.z~ 

.22.14 V
V IM a _ V  - .$ rrA, •.1 A —2Szi —22-90 V

___________________ ______ 

V IM ~~~~~~ V = (mA TA = 150°C =~S~* -7~.5~ V
Line regulation V RLIUE .4~ V 5. V 1~ 5..ZIV I~ — 0.7 A — 20o ~~~ mY

~3~~V 
~ 

V IM 5. 111V ~ = 0.5 A ./O O 
~~~ 

mV

Load regulation V PLOAU V IM --30 V 
— 

S IØA 5. I~ 5 1.04 - /00  ~Io0
________________ — 

V IM ~~~ V Sn~ ~
- 

1L 0.14 ~Zc~~ ~~~~~~ 
aN

Standby curren t ~~~~~ 
~~~~ 

--
~~•‘~ 

a 04 3.0 mA 
-drain V IM -40 V 

~I. 
(mA 0.5 4.0

Standby current AI 5c0 40V 5. V
1P-~ 

< .3.$ V = ‘5.0 /~O 
mA

drain change . -

(ver sus line voltage ) m e

Standby current AI
SCD V IM 

a_jO V $A  ~~. 
1L 5./.0,4 .0.5 05 mA

dra in change ‘1 d(versus load current) ‘ 
Od

Output short circuit 105 V IM =_30 V Ooz 3.00 Acurrent

_ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

0.DL .?.OD
Peak Output current 1pk V IM —28 Y forced See fIgure 9 1-0 ~..9 A

____________________ _______ 

AV OUT 2.20 V
Ripp le rejection AV 111 ~I M — .~0 V  1L • 316 mA See figure 10 5~ 

— dO
• r meter l3w

OUT Cj rat s 10 Hz to
-~~~ -- -

~~~~
_______ _______ 

ra f =Z400)lz 
__________________ 

10 kIIz 
— -—Output noise voltage N0 V IM 

...3O v I~ — 0.5 A See f igure 11 - coo iV~~~
_ _ _ _ _ _ _ _ _ _ _ _ _  ____  __________  ____________  

Te2JC

Therm.l

~~~ ~~~~~~~~ I~ I D A  T,q’2~ t -24’0 240 mV

4i,~ ~~~~~~ ____  ‘oV ~~
5- 

- 5 A ~~~Pel/asse .
~~~~~~~

- 

~~~ 
.. ~~~- rn ,-, 7-L2C1 

—

• 

- 

L.*d ?p .g,f ,g,)1 4b~~v V =- 30V ~~~~~~~~~~~~~ 5’uc
~
;”3 -

- 

A 

VoJt~j e’S14ettac~ Vsr~~r 
(.~Q e 3$~ ~~~~~~~~~~~ 

- 

~~~~~~~~~~
- :Tjjj- ~~~~~

• h4OTf~ All tests performed at a 125°C may. at the manufacturer ’s
option , he perfonned at TA l5t~ C. Specifications for TA - 125°C
shall then apply at TA • 150°C.

V-38

V 
_________________ 

‘

I 
___________________

_ _ _ _ _  

- ___ 
—

- ~~~~~~~~~~~~ — —~~--~- ---- - ________ -



~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

: ~~

,

• 
-
~~~~~~~~ -~~~~

-
~~~~~~ 

4 $4

~
U

~~ -
•~ -~ ~. 0

b

—-5

~ 
t~~~
. 

~
;~ 

.
~~

r- ~~~~~~~~~~~~~~~~~~~ ~
-

i

~ 

.,-

~ 

-
-m •-

~~~ ~~~~~~~~~ 0•- •__
~~~ 4 -  : ~ 0.

r 0
~ — -.4

; _

t~~ ~~~Il
5- .5--

~lH —+ -
u
c~ 0
~ -C

r~ ;~h - I.r T•4

-~~~~~~~

• 
- - 

0

_~~1 
~~~~~~~~~~~~

-5 - 
~~~~~~~~~~~~~

~ 

t
:r -
~J 

a ~
f~-~- ~

—; - 1- ••L~- - t
- I :~-~-fl ~ ~~~4 

V t 
~ ~~~~~~~~~~~~~~~

• 
~~: 

- 

~; ~~ 
~ç~~~~rJ 

I I 
~

(s~toA) U3~~

V-39

~~~~~
— 

- 
-I-

:- 
- ~~~~~~~~~~~~~~~~~~~~~ --~~~~~~ —~~~~~--~~~~ ~~~~~

— -
~~~~~—~~~~~~~

-
~~~~~~~~~~~ 

_ _ _ _ _



p.— 
— 

~~~~~ W,—

Device Type 01 Unit #4

Unit was destroyed by incorrectly
connecting the device to the curve
tracer test circuit. Incorrect
adapter used . The photograph shows
evidence of being ov.rstressed in
severa l areas.

_ _  

-

Figure 5.9a. Overstressed nega t ive regulator chip.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Device Type 02 Unit #1.

The unit showed no ano~malies during
the output voltage tests. Unit was
destroyed during the output short
circuit test.

With Vj~ — -17, I~~ — 670 aA

~~ ~D 
— 11.4W

With Vj~ — 32V, 
~~ 

— 210 U

During th. latter Reasur .ent, the
current dropped to 0 wA. The unit
was destroyed.

- -~. - - figure 5.9b. Overstr.ss.d nega tive regulator chip.
— 

V-40
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Device Type 04 Unit #2

Unit failed during output short cir-
cuit test. Short circuit current

was greater than 250 U at —

-30V. Power dissipation was 7.5 Watts
in a TOS case. Evidence of insuff i-
cient current fold-beck.

Figure 5.9c. Overatressed negative regulator chip.

Device Type 08 Unit #1

Unit oscillates during initial
testing. Developed an input to
output short circuit while loaded.

-( Eventually (aitter of seconds), out-
• —— ~~~~~~ put opened.

Figure 5.9d. Overstres.ed negative regulator chip.

: - ~~ 
V-41 
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Unit #2 started aotorboating at the
output when V1 J> 2 4 .5V and Iy —

• 5.0 U. Low level oscillations were
observed during the test interval
(i.e., 98Z) when the load current
was zero. Device failed while
checking for the aaxi~~w load current
that will degrade th. output voltage

-
~~~ to -4.75V .

U 

Device Type 05 Unit #2

Figure 5.9e. Overetressed negative regulitor chip.

I 

Device Type 05 Unit #4

Unit #4 failed after the device was
plugged into a hot socket.

• 
Figure 5.9f. Overetressed negative regulator chip.
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SECTION VI

DIGITAL-TO-ANALOG CONVERTERS

MIL-M-38510/ll3

6.1 Introduction and Background

Since the advent of the microprocessor, the growth rate of the digital-
to-analog converter and analog-to-digital converter market has increased
arkedly.

In response to that growth, the first characterization effort.of a JAN
38510 digital-to-analog converter has been initiated. The DAC-08 device was
selected for characterization because it meets the criteria of popularity,
low cos t (it is monolithic) , multiple—sourc ing, and quality of design. It
was originall y introduced by Prec ision Monolithics , Inc . and has become one
of the most popular 8-bit digital-to-analog converters on the market today.

Initially, proposed specifications for the DACO8, the DACO8A, and the
1508 were received from the JC-4l Comeittee. As the characterization effort
evolved, ~~~hasis shifted to the DACO8, which has superior performance for
at least three parameters ... namely, voltage co~~liance, settling time, and
supply current. In order to include the needs of moat users , both a standard
version of the DIACO8 (0.19% non-linearity) and the higher precision DACO8A
(0.1% non-linearity) have been specified in the proposed slash sheet.

6.2 Description of Device

The DACO8 is an 8-bit monolithic multiplying D/A Converter, having dual
co~~le.sntary current outputs • The outputs have a large voltage co~~ liance
range of + l8V to -1OV, and a full scale current of 2 U. It is used with
an externa l reference , which may be either positive or negative ; however, in
the t rue sense of the word, it is not a multiplying MC that can be used with
an AC reference directly (without biasing or additional external circuitry) .

The DaC08 is a very high speed device, having a maximum settling time
of 135 naec to ± 1/2 LOB. The device can interface directly with various
logic families by appropriate pin programeing of the adjustable logic input
threshold. Supply voltages can range from ± 4.5V to ± 18V.

____ 
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A functional diagram of the device is shown in Figure 6.1, along with
typical external connections . With V~~~(-) grounded and V~gp(+) t ied to
10 VDC through a 5K ohm resistor, a 2 0 U  current flows into V~~F(+). That
current then flows through the referenc e transistor and reference 1K ohm
resistor which sets the base voltage at the reference transistor and at all
the other current sink transistors. The MSB current sink sinks 1 mA. The a
second bit current sink sinks 1/2 mA; the current level decreases by a factor
of 1/2 with each succeeding current sink due to the R-2R ladder configuration.
The LOB current sink sinks 8 uA. The current switches only steer the current
from either of the two output pins . The degree of insensitivity of the cur-
rent sinks and switches to voltage variations at the outputs is termed high
output compliance.
6.3 Characterization of the DAC-08

Static Test Parameters

Table 6-1 shows the electrical performance limits that were reco~~~nded
by the JC-41 Comeittee for MIL-M-385l0/l13. Unless otherwise specified, all
tests are performed with the supply voltage at ±1SV and ~~~ set to 2,00 U
(1OV/SK.t%), and over the temperature range of -55 C to +125 C.

Supply current from both supplies is measured only with all input bits
high. With proper device operation, the supply current is not dependent on
the digital input word. GEOS checked supply current with all input bits low
to verify no dependence.

The Full Scale Current is the sink current into output t~ with all bitshigh, or at output ! with all bits low. This test indicates to the user
the gain error of the device over the temperature range.

The Zero Scale Current is the sink current into either I~, with all bits
• low, or into t~, with all bits high . This test indicates to the user- the

offset error of the device over the temperature range. Power supply sensi-
tivity is checked for Wg frost 4.5 V to 5.5 V and from 12 V to 18 V with

~~~~ -V5 at -18V and for -V1 from -4.5 V to -5.5V and from -l2V to -18V with
+V
~ 
at +l8V during full scale current operation. This test checks the

variation in full scale current into both the I~ and T~ outputs due to powersupply variations.

The Output Current Range test indicates to the user the level of full
scale current the device can sink with a low negative supply level.

The Reference Bias Current test measures the bias current into the
grounded input of th. voltage-to-current converter section of the device and
checks for excessive leakage .

a
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The High Level Input Current test checks leakage current at each of the
digital inputs, and the Low Level Input Current test checks base current at
each of the digital inputs.

‘ 

- 

Voltage compliance at both of the outputs is checked during full scale
operation. This test verifies that only a smell change in full scale cur-
rent results when voltages of +l8V and -lOV are forced at the output. The
full scale current is checked both to an absolute limit and a delta limit
from +l8V to -1OV.

Linearity error is checked in severa l forms . The positive bit errors
are si~~ ed and checked to a limit . The negative bit errors are sumeed and
checked to a limit. The difference of these two sums are checked to assure
sufficient freedom from bit interaction (see section for a further dii-
cussion of this subject). A worst case linearity error is calculated by
su ing the absolute values of the positive and negative bit errors and the
difference of the sums (which is a measure of bit interaction).

Monotonicity is checked to assure the user that the transfer character-
istics (output current vs. digital input) never reverses in slope (i.e. -

never changes in the wrong direction). The device manufacturers claim that
it is only necessary to check the major carry points because this is the
most likely transition point to encounter such a failure. GEOS data tends to
substantiate that claim.

The Output Symetry test assures a good match between lo and i~ full scaleoutput currents.

The Full Scale Current Temperature Coefficient Check calculates the
variation in full scale current due to a variation in temperature. This
test gives the user the temperature coefficient of the gain error including
the offset error. If zero scale current temperature coefficient was also
calculated, then offset error TC and gain error TC could be separated out of
out of the Full Scale Current Temperature Coefficient data.

Dynamic Test Parameters (25°C only)

The Propagat ion Delay Test measures the t ime it takes for the output to
respond to an all-bits-high to all-bits-low transition and to an all-bits—
low to all-bits-high transition. These measurements are made from the 50%
point of input to the 50% point of the output.

The Settling Time Test measures th. response t ime between the 50% point
of the input transition (all—bits—high to all—bits—low or all-bits—low to
all-bits-high) and the point at which the output settles to within 4 micro-
amperes (one half of a least significant bit) of the fina l value. For a

• sOoJL load resistor 4 microamp.res corresponds to 2 millivolts. 
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Static Test Circuit

Figure 6-2 shows the static test circuit recosetended by the JC-4l
Comsittee. Although it is not readily apparent how the voltage compliance

— test is performed using this c ircuit , it appears that the following technique
is used : (1) SW6 is set to the ‘c~ut 

position, (2) + 18 V is applied to
‘out with SWI and SW2 open, (3) the current drawn into ‘out is measured with
SW5 closed for 18 V compliance and with SW5 open for -10 V compliance.

The static test circuit shown in Figure 6-3 was used and may be more
suitable for bench testing when a problem arises . The + 18 V voltage corn-
pliance test is performed by setting pin 15 to + 18 V and setting pin 13 to
35 V and pin 14 to OV (i.e - set the op-amp supply voltage to V + — 35 V and
V - OV), Offset due to the finite comeon mode rejection ratio of the op-
amp and other offset errors are calibrated out by opening K3a and measuring
the voltage at pin 24 with the reference DAC set to zero. The contribution
of gain error associated with the .01% resistor tolerance is not a signifi-
cant factor and does not contribute to the errors in the linearity tests.
The 16 bit DAC is linear to .003% so that its error contribution to the
linearity measurement is not significant.

At a recent meeting of the JC-41 D/A converter subcamaittee this test
circuit was criticized for:

(1) use of .01% resistors which degrade the accuracy of the 16 bit
reference MC and

(2) use of a voltage output reference DAC instead of a current output
reference MC.

The answer to (1) is that the .01% resistors only contribute gain error cx-
cept during the compliance test when an offset error is generated (which is
calibrated out). In any case , linearity error is certainly not degraded .

The answer to (2) is that a current output reference DAC could be used and
such a variation would be quite acceptable.

Settling Time and Propagation Delay Test Circuit

Figure 6.4 shows the settling time and propagation delay test circuit
rec~~~ended by the JC-41 Co ittee. The two diodes (Schottky, although not
so identified) connected in opposite directions provide clamping to avoid
saturation of the oscilloscope preamplifier . V~~j provides bias through Ql
to determine the clamp level. When the settling t ime to be measured is for
the low-to-htgh transition of the input, the output goes from OV to -O.67V
without any bias. V1D.3 biases the output so that the settling level is at OV
instead of -0.67 V. Therefore, with V~~ at 2.6 V settling t ime due to the
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low-to-high input transition is measured. When the settling time due to the
high-to-low transition is measured V~~3 is set to + 0.6 V which sets the
emitter at 0 V.

This circuit seems to have severa l unnecessary parts . Ql, D3 and R2
could be eliminated and the V~~j simply applied to Ri where Qi was connected.
One potential problem with this circuit is the high parasitic capacitance
at V0Ia~. This circuit was used with non-Schottky diodes with poor results.
While awaiting delivery of the Schottky diodes another test circuit speci-
fied in the PM! data sheet was built with non-Schottky diodes. The results
were better, but were not acceptable until the Schottky diodes were in-
stalled. • 

-

Figure 6-5 shows the Settling Time and Propagation Delay Circuit that
yielded the best results. The major advantage of this circuit is the lower
parasitic capacitance made poss ible by the addition of Qi. Q2 isolates the
clamping node from the scope probe capacitance.

The 0.1 uf bypass capacitor at Vt
should be a BX ceramic and be as close as possible to RL. The Schottky
diode GEOS used was a Motorola MBD5OI.

The key to measuring 100 nsec sett ling time is avoid saturation of the
oscilloscope preamp. This can be accomplished in two ways. One way is to
use a sampling preamp such as a Tektronix 3S1 and to advance the delay
vernier to read the settling t ime. Since the sampling preamp only samples
what is displayed, saturation of the preamp is avoided by not displaying
that level. Another way to avoid saturation of the preamp is to use a
differential comparator preamp such as the Tektronix 7A13, which, at the
I mv./div. sensitivity, will not saturate until the signal exceeds ± 800
millivolts. GEOS used the former approach .
Slew Rate Test Circuit

Reference Amplifier Input Slew Rate is the measure of the maximum rate
of change of the output current. Figure 6-6 shows the Slew Rate Test Cir-
cuit recomeended by the JC-4l Conm*ittee. With all bits high, the reference
current is stepped from 0 U to 2 U while Vout is monitored with an oscil-
loscope. The test is repeated with all bits low while monitoring V0~t.
This test circuit operated properly using a voltage source with a 50J~..

• source impedanc e, 5O..ca coax and a 5O.J~..terminator. The 15 pf capacitor at
pin 16 is a compensation capacitor for the op-amp (used as a voltage-to-
current converter). The fast slew rate that is achieved in this configura-
t ion would not be obtained in the fast settling configuration. The compen-
sation capacitor is selected according to the user ’s need (fast slew rate
or fast settling time).
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Comments on Test Parameters

Laboratory eva luation of the DACO8 revealed no apoarent anomalies with
the device. The test parameters recommended by the JC-41 Committee are
adequate, although two additional parameters are recommended by Ordnance
Systems. The first is i test for V~~, a logic control signal that permits
interfacing with several types of logic control. This should be a 100%
test, since it checks the functional operation of the device. A second test
recommended is that of output glitching. Ordnance Systems has not tested
glitching in this in itial effor t, but i~ is recommended for follow-on action.
Due to the d if f icul ty of perf orming the test, it should be a sample or quali-
fication test to establish some form of control for this characteristic.
The JC-4l Committee has been informed of these recommendations ; the vendors
do not presently test for these parameters in their own facilities, but
would consider a test circuit proposal for the Vj~ test. (This will be
developed by Signetice for consideration by all.) They would prefer to
have the glitch test done during device characterization, and not have a
test for it in the JAN spec. However, they do recognize the need to have —

some form of control for new vendors , or for device redesigns.
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Devices Used For Testin~

Devices used for testing were obtained by two methods: (I) a request
for 10 devices from each manufacturer was made by MDC , this group being
identified as the “industry sample”; (2) small quantities were purchased
through standard Ordnance System procurement procedures from distributors,
this group being identified as the “purchased sample”.

Industry sample

DACO8 Signetics 20 devices 1508 AND 10 devices
AND 10 Datel 15
Datel 15 PM! 20
Fa irch ild 13
PMI 20 _ _

78 45

Late arrivals

Motorola 10 Motorola 10
Na tional 10 ____

98 55

Purchased sample (GEOS and RADC)

DACO8 Signetics 13 devices 1508 Signetics 3
AND 8 Fairchild 3
Fairchild 3 PM! 3
PMI JL. Motorola 3_

37 12

The industry sample was first tested by Signetics , who volunteered to do the
testing at their facility, using their standard factory test program
(Signetics also chairs the JC-41 Subcommittee on Data Convertera). The
“late arrivals” identified above were not included in the Signetics test
group.

Ordnance Systems tested two groups of devices... 33 devices from the
purchased sample, and five devices from the industry sample. Data sheets
which have a “manufacturer code” heading of “XXXX” are from the industry
sample; all others are from the purchased sample. There is no correlation
between the serial numbers in the two test groups, since each were assigned
at different companies at different times.

Static data was taken on 49 samples. The static data includes a
linearity plot of all 256 points for both the 1

~ 
and I outputs at three

-• 
- temperatures (294 linearity plots). Bench data on at least 15 devices was

also taken for all dynamic tests
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6.4 Automatic Test Development •

Software was developed for the Tektronix S-3263 Test System to provide
for automatic test of the DAC-08. All the static tests recommended by the
JC-41 Committee plus some additional static tests were included in the
software development.
General Static Testing

Figure 6-3 shows the test circuit for the static tests performed on the
on the S-3263. Unless otherwise specified pin 11 is connected to + 15 Vdc,
pin 12 is connected to -15 Vdc , K3b is switched to ground , KI is switched
to the MN200I, K3a is closed , K4 is switched to ground, pin 15 is grounded ,
pin 13 is counected to + 15 Vdc , pin 14 is connected to - 15 Vdc and pin 10
is grounded.

A calibration program is always run at the start of testing to assure
proper adjustment of zero and full. scale outputs levels of the reference
DAC. Potentiometers are adjusted , when necessary, to provide negligible
gain and offset err-or.

The test begins with positive and negative supply currents being
checked with all bits high and all bits low.

An offset measurement is then performed with K3a open and K4 switched
to the reference DAC with its inputs set to all zeros. The offset is sub-
tracted out to imp~ove measurement accuracy when necessary.

Full scale current out of I
~ 

and I~, is measured using the reference
DAC at its calibrated full scale setting. Offset correction is performed
on the result.

A second offset measurement is performed with K4 switched to ground.

Zero scale current out of I~, and t~, is then measured with K4 switched
to ground. Offset correction (using the second offset measurement) is
also performed on the result.

Power supply sensitivity tes’~ are run as described in section 6.1.

An offset measurement at pin 26 with 1(3 open is performed in prepara-
tion for the output current range test which uses + 30V and -SV power

• supplies for OA1.

The Output Current Range Test is then performed with a -SV negative
supply while us ing a +l5V reference . The same test is repea ted with a -7V
negative supply while using a +25V reference. The measurement is made on
output pin 26 with +30V and -5V power supplies on OAl. Both outputs of the

- 
- DAC-08 are checked.

• 
-
~ V14
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The Reference Bias Current of the op-amp which is internal to the
DAC -08 is measured at pin 10. The tester forces OV and measures the cur-
rent. -

High Level Input Current, which is leakage current, is measured for
each digital input . Low Level Input Current, which is base current, is also
measured for each digital input.

Another pair of offset measurements at pin 24 are performed with 1(3
open and the reference DAC set at zero. These measurements are made with

-H~V and -lOV common mode voltages at OAl which are used for the voltage - -

compliance tests.

The +18V Compliance Test is performed on both outputs by setting pin
15 to +18V and measuring full scale current. The -1OV Compliance Test is
performed similarly with pin 15 at -IOV.
Linearity and Monotonicity Testing

For measuring DAC-08 linearity error the S-3263 compares the linearity
of a reference DAC with the linearity of the MC under test. This test
measures relative bit weight difference (RBWD) . Referring to Figure
one can see tha t the difference in bit weights is linearly rela ted to the
significance of the bits. For perfect linearity and no offset error, the
relative bit weight difference is linearly related to how significant that
bit is and is due to the difference in gains. Any error from this linear
relationship is, therefore , due to linearity error, assuming an insigni-
ficant linearity error for the reference MC.

Two basic techniques for measuring linearity error are utilized. The
first technique checks only the weight of each bit and proceeds to show
that there is no bit weight interaction.

The question that now arises is what assurance does one have that there
is no bit weight interaction. That is , when one activates one bit alone
and determines its weight that same bit may have a slightly different weight
when any or all other bits are activated . The converter industry tries to
answer this quest ion by summing the positive and negative deviations and
comparing it to the deviation with all bits activated . The all bits “on”
state mathematically forces the difference in positive and negative bit
weight deviations to zero. The difference between the summed positive and
negative deviations is a measure of the bit weight interactions. This
approach assumes no cancellation effects in the all bits “on” state. That

• is, one bit weight may rise due to one interaction while another bit may

• drop due to another interaction, so that a worse case linearity error can
• - occur only for a certain bit combination. The only way to check for tha t

phenomenon is to check each digital word, which is our second approach.

~ - 4;..

VII

- - - - — - • ~~~_ _~~~ _ _ • - - - - - - - • -~ -— ~~.—- - - -- — ••-~~~~~~ — - _— - 

~~~~~~~~ •~~~•~~~ ~~~~~~ 
--——-—

~~~
--

~~
--

~~~~~-- -~- --~r- 
—- — 

•



-- - - - ‘ -
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -‘—p---- •

The technique for checking linearity at each digital word is as follows :

1. As in the first technique, establish a theoretical straight
line between all bits “on” and all bits “off”. Since the
reference MC will be used , all measurements will be relative
to the reference MC.

2. All digital word values will then be predicted by on-line
ca lculations and errors relative to the theoretical straight
line determined.

The all bits “on ” state is used to establish the theoretical straight
line because the gain and adjus tments are usually per formed by the user for
that condition. Therefore, any argument that it is not the best stra ight line
is purely academic.

The offset errors are also a concern. The offsets of the DAC under
test , the reference DAC and the op amps are simply measured all at once
and subtracted out of each measurement as part of the data manipulation in
software.

The basic steps used in the S-3263 software to accomplish the first
technique are as follows :

I. Set the device under test (D.U.T.) to all bits “off” and the
reference DAC to all bits “off” and measure the combined offset
(V
~~~
).

2. Set the D.U.T. to all bits “on” and the reference MC to the 8
most significant bits “on” and determine the full scale difference
(FSD) by subtracting VCOS from the measured value (Verror) and
divid ing by 100,000 ohms (20 x 5,000 ohms) .

Verrer - V~~g
1FSD — T amps

100 ,000 ohms

3. Set the D.U.T. and reference DAC to all bits “off” except the most
significant bit (MSB). Subtract 

~~~ 
from the measured value

(Verror) and divide by 100,000 ohms.

Verror - V~~g
1RBWD1 

- 
100,000 ohms

V I— lO ~ -1
_ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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4. The linearity error is calculated as follows:

/256 1Nt 1 
- 1RBWD1 - ( ~~ X X 1FSD

IFS

5. Repeat steps 3 and 4 with the second most significant bit and
replace (1/2)1 with (1/2)2.

6. Repeat 5 for the other Nt)~ bits using the appropriate (1/2)
N factor.

7. To check for worst case linearity error

£ NL~ — 0 ± .197. (for DAC -08 only)
Z.NL — 0 ± .19% (for DAC -08 only)

8. To assure an insignificant amount of bit interaction

A ENL 1ZNL~ j - trIlL I — 0 ± .05% (for DAC -08 only)

9. For the case where bit interaction is near the limit, a tighter
bit weight error limitation is required as follows:

I ZNL~ ~ 
- (A~~NL 

~ 
— 0  ± .19% (for DAC-08 only)

J ~~~NL I - ~AZNL ~ 0 t .197. (for DAC-08 only)

The next approach checks every digital word using the following steps :

1. Determine ~~~ and 1VSD as before.

2. Step the D.U.T. from 00000001 to 11111110 and calculate the non-
linearity at each digital word . For example , for the 00000011
input the non-linearity is given by

(V error - vc~gV3 X IFSD\
1 100,000 ohms/t 256 J111.3 — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — O ± . 19%

IFS (for DAC-08 only)

where Ipig is the full scale current Out of the D.U.T. and is 2 mA.
Of course , this is only the non-linearity relative to the reference
DAC, but, s ince its linearity is .003% or better , the difference is
not that significant. This test should also check for monotonicity
at each point . The monotonicity calculation going from 00000010
to 00000011 is

_
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Verror3 - Verror2 - V~~g
% Change — ________________________  — 0 to 0.8% (2 LSB)

100,000 1FS

The converter industry uses the bit interaction check to substantiate
checking only the major carries for monotonicity . The data from every point
will determine the validity of their approach.

As for the way of presenting the linearity data , a horizontal plot of
the non-linearity of 255 points provides a good visual profile of the DAC

performance. This plot a lso ind icates if there is any monotonicity problem.
A sample p lot of the data points is shown in Figure 6-8.
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6.5 Evaluation of Data
6.5.1 Dynamic Test Data
Settling Time and Propagation Delay Data

Table 6-1 lists the bench data taken on devices from five manufacturers.
All vendors except for vendor H had little or no problems with meeting the
135 nanosecond settling times. The vendor H devices also exhibited a 20 nV
dip near the settling area of the curve which increased their total settling
time for Tg~p.

The same test circuit was used to make propagation delay measurements.
Table 6-3 shows that all the vendors ’ devices checked had prop delays in the
range of 30-50 nsec, except for the vendor H device which was close to the
60 nsec limit. The typical settling time waveforms, shown in Figure 6-9,
exhibit typical propagation delays for both transitions.

Slew Rate

Using the slew rate test circuit shown in Figure 6-6 , slew ra te data
was taken on 13 devices from the purchased sample, and 5 devices from the
industry sample. AU of the data exceeded the min imum value of 1.5 mA/usec .
The data is tabulated in Table 6-4 .

Vt-U
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6.5.2 Static Test Data

Table 6-5 is a statistica l tabulation of the static test data at three
temperatures on all 33 samples tested by using wide reject limits. Table
6-6 uses the reject limits proposed by the JC4I Committee to present the
statistical data.

Supply Currents

The positive and negative power supply current data indicates that the
JC-4l limits are wide enough to avoid nuisance failures.

Full Sca le and Zero Scale Curren t

The full scale current and zero scale current limits are wide enough to
avoid unnecessary fai lures. The mean full scale current was 1.99 mA , which
tends to support setting the acceptable range at 1.99 ± .05 mA as proposed .

Power Supply Sensitivity from ‘ V5 and from - V5

All the power supply sensitivity limits were acceptable. A wider range
is justified for the 12 V to 18 V variation than for the 4.5 V to 5.5 V
variation, as is already specified .

Output Current Range

Some problems were encountered meeting the limits spec if ied by the JC-4l
Committee. The IFSR1 limit of 2.1 mA mm. was only a problem for one vendor’s
devices . The IFSR2 limit of 4.2 mA m m .  was not realistic for -V5 — - 7.OV .
Not one device could meet it. The JC-4l D/A converter subcommittee has
recently suggested setting -V5 to -12 V instead of -7 V. This new setting
has not been specifically tried , but earlier bench tests have indicated that
changing -V5 to -8 V or more will allow most devices to meet the 4.2 mA m m ;
therefore, -V5 — -12 V should leave a comfortable margin.

Reference Bias Curren t

The limits recommended by the JC-4l Committee allow fdr 0.1 uA of cur-
rent revcrsal. This reversal would be caused by approximately 1 uA of leakage
curren t wh ich may be due to surface contamination. The data taken by both

• Signetics and GEOS indicated no reversal of measured current. GEOS does not

rejecting devices that exhibited bias current reversal. The other end of
the limit (-3.0 uA) does not present any problems.

High and Low Level Input Currents

The JC-4l Committee recommended limits for the high level input current
• (which is really leakage current) only specifies a max imum which is at 10 uA.

4 

see the need for allowing for bias current reversal and would rather be

-; 
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The Signetics da ta does not look sens itive enough to draw any conclusions from.
The CEOS data varied from a maximum of + .04 uA to a minimum of - .002 uA.

j Therefore , GEOS recommends a maximum limit of I uA and a minimum limit of

r - 0.1 uA. The - 0.1 uA allows for leakage current in the test fixture.

The low level input current limit of - 10 uA (minimum) leaves a comfort-
able margin to avoid nuisance failures. A max imum limit of zero could be
provided for the detection of excessive leakage current, but this is already
provided by the high level input current test.

Full Scale Current at + 18 V Compliance and - 10 V Compliance

No problems were encountered with the compliance tests. The limits
recommended by JC-4l are reasonable and should not lead to nuisance failures.

Change in F.S. Current Due to Voltage Compliance

The 4 uA (1/2 LSB) limit at - 55°C set by the JC-4l Committee for the
change in full scale current due to voltage compliance is not easily achieved.
In fac t. Vend or H exh ibits almost ten times that amount. Only Vendor E has
no problem meeting the 4 uA limit. In order to avoid poor yields, an 8 uA
(1 LSB) limit should be used at -55°C. One manufacturer will still be unable
to achieve this limit unless he improves his design. The other five manu-
facturers should have no problems.

Linearity

Becaus e linearity is the most important characteristic of the DAC-08 a
great amount of effort was expended to determine validity of the measurement
assumptions and the actual linearity of the devices.

The question concerning bit interaction was “Is the difference of the
sum of the positive and the sum of the negative bit errors a conservative
measure of bit interaction?” The answer seems to be yes. The worst case
linearity was estimated by adding the absolute value of the difference
(described above) to the sum of the positive bit errors (to get the positive
worst case linearity) and to the sum of the negative bit errors (to get the
negative worst case linearity). Comparing these worst case linearities with
the actual linearity errors obta ined by measuring all 256 digital words, one
must conclude the worst case linearity -was always cons iderably worse than the
actual linearity error. That is , the bit interaction was never worse than
that observed with all bits on.

- • :T~~ T~ T~~~~~t~ ~~:ff ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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As for the linearity of the devices, the worst linearity always occurred
at -55°C. The positive and negative bit errors exceeded 0.19% only occasion-
ally at -55•C. The Positive and Negative Bit Error Difference (Bit Inter-
action) had a mean of”0.045% and a standard deviation of 0.0037. to 0.004%
and rarely exceeded the .05% limit. Positive Relative Accuracy and Negative
Relative Accuracy, which is the worst case linearity mentioned earlier,
exceeded 0.19% for many devices . In most cases , exceeding this limit did
not indicate an actual linearity error greater than 0.19%.

Other notable characteristics that were observed are that the sum of
the negative bit errors was almost always larger than sum of the positive
bit errors and the actual linearity plots exceeded the sum of the positive
bit errors only slightly and rarely exceeded the sum of the negative bit
errors.

The data taken by Signetics does not calculate worst case linearity as
described earlier, but calculates a worst case word which is the same as the
sum of the bit errors (positive and negative).

Monotonicity

The linearity data of all 256 digital words substantiates the industry
position that worst case monotonicity (differential linearity) occurs at the
major carry points. The largest amount of differential linearity is gener-
ally exhibited at the most significant carry or the second most significant
carry .

The monotonicity of a converter is guaranteed by establishing a linearity
within ± 1/2 of a least significant bit. Therefore, as expected , no problems
were encountered with the 16 uA limit to assure monotonicity.

Output Sy etry

The output symmetry of the I~, and T0 outputs was well below the 8 uA
limit specified .

Full Scale Current Temperature Coefficient

Although Pull Scale Current Temperature Coefficient was not specifically
included in the static test software program (due to an oversight), some
spot checks of this limit indicate no problem at all. The worst TC observed
was about 25 P1141°C (or about half the specified limit of 50 P1141°C).
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Cowparison of GEOS and Signetics Static Test Data

An attempt was made to correlate GEOS and Signetics Static Test Data
for five randomly selected devices. Table 6-7 tabulates both sets of data .
In some cases, such as the Output Current Range Tests, no da ta was taken by
Signetics.

The power supply currents correlate very well. Ip~, t~g and power
supply sensitivities correlate poorly. I~~p correlates fairly 

well. High
Level Input Current was difficult to correlate due to the low resolution of
the Signetics data. Low Level Input Current correlated very well. The volt-
age compliance is measured by Signetics as a current change due to output
voltage changes of 0 to + 18 V and 0 to - 10 V .  Therefore , the difference
in those measurements should correlate to the change resulting from a 18V to
-10 V change as measured by GEOS. In fact , the correlation was very poor.
Fair to good correlation was obtained for moat of the bit errors except for
an obvious difference in sign. The sum of the positive and negative bit
errors measured by Signetics correlated fairly welt with the GEOS data. The
correlation for the difference between positive and negative bit error
si~~ ationa was very poor. The Signetics data was not even close to the
limit, while the GEOS data was very close to the limit.

Comparison of GEOS and Signetics Dynamic Test Data

Table 6-8 tabulates CR05 and Signetics data on the same devices. The
settling time test data shows fair correlation. The tp~~ propagation delay
data correlates very weU, while the tp~~ data correlates poorly. The Ref-
erence Amplifier Slew Rate data correlates very poorly. One reason for such
disappointing correlation may be the differenc e in test circuits used. For

example, all the CR05 test set-ups used 
~L — ~ K ohm, while the Signetics ’

test set-ups used RL — 20Q,,(settling t ime) , RL • SO n.. (prop delay) and RL —

lO0.n.. (slew rate). The RL used by GEOS was proposed by the jc-41 Committee.
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6.6 Conclusions

6.6.1 Static Tests

The following static tests and their limits are acceptable as recommended
by the JC-4l D/A Converter Subcommittee (described in Table 6-I):

1, Supply curtent from + V5

2. Supply current from - V5

3. Full scale current

4. Zero scale current

5. Power supply sensitivity from + V5

6. Power supply sensitivity from - V5

7. Low level input current

8. Full, scale current at + 18 V compliance

• 9. Full scale current at - 10 V compliance

tO. Positive bit errors ( NL+)

II. Negative bit errors ( Nt—)

12. Monotonicity

13. Output sy~m~~try

14. Full scale current temperature coefficient

Output Current Ran~~

The IFSR2 limit of 4.2 mA mm is not realistic with - Vs -7.OV. How-
ever, with -V5 — -12V the limit will present no problem with normal devices.

Reference Bias Current

CR06 recommends no bias reversal be allowed by the reject limits. All
data measurements indicated no need to accept such devices which may indicate
excessive surface contamination, Therefore, reference bias current limits
should be from -3.0 uA to 0 nA.
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Hijh Level Input Currents

Since this is really leakage current and CR05 da ta indica ted maximum of
+ .04 uA , the maximum limit should be reduced to + 2 uA to avoid accepting
devices with excessive surface contamination. Since the lowest level mea-
sured was -.002 uA , GEOS recommends a minimum limit of - 0.01 uA so as to
allow for possible leakage current in the test fixture. Therefore, the High
Level Input Current limits should be + 2 uA to -0.01 uA instead of the + 10 uA
to 0 uA recommended by the JC-41 Committee.

Change in F.S. Current Due to Voltage Compliance

GEOS da ta on th is parameter ind ica tes the need to increase the limit at
-55°C from 4 uA to 8 uA to avoid yield problems.

Positive and Negative Bit Error Difference

All measurements taken by CEOS have a mean value of about -0.04% and a
standard deviation of 0.0037, to 0.0047.. Looking at Table 6-5 one sees that
the Signetics data was not even close to the CEOS data . Since the GEOS data
exhibits this mean of - .047. and the expec ted mean is zero, it may be that the

• CEOS data is erroneous. On the other hand , a bias in the bit interaction
(inherent in the device design) is also possible. It is recommended that
additional effort be applied in order to identify the reason for the bias.

Positive and Negative Relative Accuracy

The positive/negative relative accuracy is calculated by adding the
difference of the summations of the positive and negative bit errors to the
positive/negative b.it error summation. Since the positive and negative bit
error d ifference da ta is questionable , it is impossible to draw any con-
clusions on the validity of this measurement or the need for it. If the
GEOS data is erroneous and the Signetics data is valid, the positive and
negative relative accuracy would be very close to the positive and negative
bit error summations. On the other hand, if the GEOS data is valid and the
Signetics data is erroneous, it appears that this parameter i~ simply a super
conservative estimate of the worst-case linearity error.

6.6.2 Dynamic Tests

Using the Settling Time and Propagation Delay Test Circuit shown in
Figure 6-5, the maximum limit settling time of 135 nsec and the maximum limit
for propagation delay of 60 nsec are acceptable. Checking both I~ as well
as I~ for these two tests is recommended in spite of the fact that equal or
faster times were observed at 1~. The slew rate limit of 1.5 vA/usec is also
acceptable when tested accord ing to Figure 6-6, but a slew rate check in
both the on and off direction is recommended .
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6.6.3 Recommended Additional Tests

Zero Scale Current Temperature Coefficient

If the data taken for the zero scale current test at the three tempera-
tures was used to calculate the zero scale current temperature coefficient,
the user would be able to calculate the worst case gain and offset tempera-
ture coefficient. Since this does not mean an additional test and it may f•
have some val ue to the user , it is recommended by CEOS.

Output Glitch

Output glitches are caused by unequal turn-on/turn-off times in D/A
converter switches. For example, when going from an input word of 10000000
to an input work of 01111111 , an intermediate state of 00000000 or 11111111
is possible depending on the mismatch in response time of the switches.
Ordnance Systems has not tested glitching in this initia l effort , but it is
recommended for follow-on action. Due to the difficulty of performing the
test, it should be a sample or qualification test to establish some form of
contz~o1 for this characteristic .

Logic Level Control Input

The logic level control input , labeled V~~, controls the input threshold
of the switches so that direct inputs from various digital logic families
can be used. The test of this control input should be a 1007. test since it
checks functional operation of the device.
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MIL-14-38510/
TABLE ~~ ELECTRICAL PERFORMANCE CHARACTERISTICS (DEVICE TYPE 01

JC-Ii-1 CCI~I4iPrEE RECCI01ENDPITIONS

TEST SYMBOL CONDITIONS 
~/ 

LI ~ ITS UNITS
SIN MAX

Supply Current Frca +VS 1+ All input Bits High 0.4 3.8 ~~
Supply Current From -VS I- All input Bits High _7 • a —o.. nA
Full Scsi. Current IFS All input Bits High , 

~~ 1.94 3•~ 4 mA
Measur . to

All input Bits Low ,
Measure T

~
zero Scale Current IZB All input Bits Low,

Measure to 2.0 +2.0 uk
All input Bits High,
Measure TO

Pmmr &çply Saiaitivity P88115+ 1 vs—+4 •~~ ~~ s•sv. -~~ —-lay — 4 . 0  +4.0 ~~rrus +VS All input Bits high,
Measure to

All input Bits Low,
Measure T0

PS8115+ 2 i~~ +12V ~~ +1W, V9 lW -8.0 +:s • o mA

All input Bits High ,
Measure I,~

All input Bits Low,
Measure TO

~~~~~~P~I& ~~~~ ~~~~5+] — +i8v~ .IVB 1V ~ ~~ -8.0 +8.0 mA

Fz~~ -VS All input Bits High,
Measure t~~All input Bits Low,
Measure !o

P88119-2 4V~ 18V, —‘.S—~4.5V ~ —5.SV
P~4s$ .5 — 1O .00~~~ 2.0 +2.0 uA

All input Bits High,
Measure t~~

All inpñt Bits Low,
Measure

Output Current Range :FSRI -VS -S.OV, V~~~~]5V 2.] mA
AU. input Bitt High,
Measure I~,All input Bits Low,
Measure TO

:FSR2 -VS - -7.Otl, V • +2W 4.2 mA
All irpat Bits H~#,
Measure t~All input Bits Low,
Measure TO

~~~~si~m BL 0~ mmt RU- All input Bits Low —3.0 +0.1
-
_

- L.vsi Input IS All input Bits VIN • +1SV, 10. tA
.urrent Each input measured

separately
I~~~~~ Level Input ~XL ~ l1- input Bits YIN • -IOV, ~~~~ tA

Current Each input measured
separately 

_____ _______
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MIL—M—38510/

TABLE ~-l ELECTRICAL PERFORMANCE CHARACTERISTICS (DEVICE TYPE 01
JC-~l ~~ 54I’N’EE RHc~18Q24DATI~ 4S

I

TEST SYMBOL CONDIT IONS ~/ LIMITS 
— 

UNITS
MIN MAX

)
Full Scale Current IFS+ VI~ a — +18V 1.90 2.08 mA
at +18V Compliance All input Bits High,

Measure to
All input Bits Low ,
Measure To

Full Scale Current IFS- V10 — ~To — — b y  1.90 2.08 mA
at — bO V Compliance All input Bits High,

Measure 10
All input Bits Low,
Measure To

Change in full scale AIFSC Vt0 +18V to -1OV, -4.0 ~4.o uA
current due to Measur. to
voltage compliance a +18’? to — b Y ,

Measure ~
~ositive Bit Errors ~NL+ (4Positive Bit Errors)/IFS, 0.19 S

Measure I~ and lo ~/egative Bit Errors ~ NL- (~~Nsgativ. Bit Errors)/IFS, 0.19 5
Measure to and T~ Y

ositive s Negative Bit A~~1L ~~‘NL+S — ,4’NL— I -0.05 +0.05 s
Error D~~f~ir~nce
08
~~~~~acy 

ative NL+ ~~4L+I + S4~ tiLl 0.19 5

egative Relative ML— ~~NL—~ + MZ’NLI 0.19 ~
Sonotonicity 4(i) (Ion — Ion-l)~~~O at each 0 16. UA

major carry ~oint. j /
Measure to and To

)utput Symustry 811$ IFS - -8.0 •~8.0 mA
Full scale current TC(Z?S) Measure lo and To —SO. +50. pps/°cTemp. Coefficient
Propagation Delay tpHL Pig. 2 , all bit, switched 6 60 nS

time , High-To—Low simultaneously ,
l.vel Measure !~

A 

Propagation Delay tpLH Fig. 2, all bits switched 6 60 nStime, Low-To-High simultaneously ,
livel Measure V0

Rsfer-,nce amplifier dI/dt Fig. 3 1.5 mA/usinput slew rate

Settling Tias ,Hi~~-To-Io tsHL Fig . 2, output within 1/2 10 135 AS
Level LIB of Final Value of to
Settling ~~~~~~, Io~—’~~-ø14 tsLH Fig. 2, output within 1/2 10 135 aS

Ilvel LIB of final value of I~

a
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14XL—M— 385b0/
TABLE ~ .S ELECTRICAL PERFORMANCE CHARACTERISTICS (DEVICE TYPE 02j

JC-lkt cc~9(fl’rrE Rzo~ a~mIMTIoes
V — 

_— —
TEST SYMBOL CONDITIONS ~/ LIMITS UNIt’S

NIH MAX
— 

Supply Current From +VS 1+ All input Bits High , 0.4 mA 
—

Supply Current From -VS t- All input Bits High -7.8 —0. 8 ~~
Full Scale Current IFS All input Bits High, 

~/ +1.984 +2.000 MA
Measure t~All input Bits Low,
Measure To

zero Scale Current IZS All input Bits Low, —1.0 ~l.O uA
Measure I~All input Bits High,
Measure !~

Po~mr S~ ply Sensitivity P85118+1 +VS-+4.SV to 45.5V, -VS — isV 4.0 
~ 4.O mA

From +V$ All input Bits high,
Measure X~All input Bits Low,
Measure T0

PsS~~ +2 +vs.+b2v to +1W, —VS— —iSV —8 • 0 OR

Ri]. input Bits High,
Measure X~,All inniat Bits Low,
Measure To

Pa~ier S~~ply sensitivity PSSU~-l +vs — +1W, -vs a -12v to -iSv -8.0 .~ • o ui
From —VS All input Bits High,

Measure to -

All input_Bits Low,
Measure to

Pss~ I-2 +v$”].8v, -~~~.-4.5V to -5.SV, -2.OV +2.0 uD.
R14 RiS — bO.000KD

All input Bits High,
Measure I~~

All input Bits Low,
Measure

Output Current Range P$Rl -VS—-5. Ov, VR~~~ +lSV 2 • 1 mi
All input Bits High,
Measure t~All input BLts Low,
Measure To

7552 -VS - -7.OV, V~~~ - *2W 4.2 mA
All Iiçut Bits HI4~,Measure X~All input Bits Low,
Measure To

Referenos Bias O~ rent REP— All input Bits Low —3.0 +0.]. ti.
H).qh Level. Input IS All input Bits VIM — +1ev, 10 ui

Current Each input measured
separate ly

Low Level Input IlL Al]. input-Bits VIM • —1OV, —10 uI
Current Each input measured

separately

*

VJ -33

a_.~~~ a. -~- ~~~---.- — - 

-- -— -_---- - --- --- -—---—- 



— _ - - - ——------ - -  
~—

-_ _
~~~~~~~~~~- _ - — — -- - _ - - - — - -- --- -- .- -- ---—- ~~~

MIL-M-385X0/
TABLE ~—S ELECTRICAL PERFORMANCE CHARACTERISTICS (DEVICE TYPE 02 .)

JC-~l C~*I4IrrEE RECct44~~DApIONs

TEST SYMBOL CONDITIONS 
~~ 

LIMITS UNIT.
14tH MAX

Pull. Scale Current IFS+ Vt0 — V!0 — +LSV 1.90 2.08 aR
at +l8V Compliance All input Bits High,

Measure I0
All input Bits Low,
Measure T~,

Full Scale Current IFS— Vt0 — V!o • — b y  1.90 2.08 mA
at —1OV Compliance All input Bits High,

Measure I0
All input Bits Low,

Moasuro I~~

Chango in Lull. ucale 8IFSC VL0 — +lBV to -lOV, 4.0 +4.0 uR
current due to Measure t~voltage compliance VL~ — +l8V to -b y ,

Measure T0
Positive Bit Errors ~ NL+ (4Positive Bit Errors)/IPS, 0.1 S

Measure to and to 
~/

Negative Bit Errors 4NL- (.2 N.gative Bit Errors)/IPS .0,!
Meanure I,~ end ~ y

Positive & Negative Bit ~4NL I~ NL+ I — I~NL- j —0.03 +0.03 5
Error Difference
Positive Relative NL+ ~~NL+S + /OZNL I 0.10 5

Accuracy

~egative Relative ML— lZ~NL— l +Io4NL I 0.10 s
Accuracy
lonotonidity 80..) (IOu — Ion—l))’O at each 0 16 uA

major carry point. ~~/Measure X~ and to

)utput Sy~~etry AIFS IFS - .4 0 +4.0 mA

Full scale current TC(IFS) Measure Io and !~, -50. +50. pm/°C
Temp. Coefficient
Propagation Delay tpHL Fig. 2, all bits switched 6 60 AS
time, High-To-Low simultaneously,
level Measure V0
Propagation Delay tpLa Fig. 2, all bits switched 6 60 AS
tin., Low—To-High simultaneously,
level Measure Vo
Loference amplifier dX/dt Pig. 3 1.5 A/uS
1input slew rate
settling Time,High—To-Lo tsHL Fig. 2, output within 1/2 10 135 AS
Level LU of Final Value of lo

~~ttling Time, Iow-’~~-uig tsLH Fig. 2~ output within 1/2 10 135 aS

4 

~~ve1 
LU of final value of X~
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TABLE ~~-j ELECTRICAL PERFORMANCE CHARACTERISTICS (DEVICE TYPE 03 )

JC-~l cote4rrrEE REc~Je*2~DATI0HS

TEST SYMBOL CONDITIONS 
~/ 

LIMITS____ UNITS
JUN MAX

Supply Current From +V 1+ All input Bits Low 0.4 22 .0  mA
Supply Current From -V I- All input Bits Low -13.0 —0.8. mA
Full Scale Current IFS All input Bits Sigh , ~,/ 1.9 2.1 mA

Measure to
Zero Scale Current 15$ All input Bits Low, — 4.0 +4.0 uA

Measure I~,

~~~ r S~çply Smaitivity PSSThS+ +VS-+4. 5V to +5.5V, -VS -16. 5V -4.0 +4 • 0 Uk
Prom 4’~JS All input Bits High,

Measure I~
Po~mr Si~~ ly Sensitivity PSSIFS~- 1 +VS-4~ .0V, -VS--l3. 5 to -16. 5V -8.1 ~+8.l uk

From -VS All input Bits High ,
Measure to

PP811S-~ +v$—#5.0V. -VS--4.5V to -5.SV -2.7 +2.7 uk

All input Bits High ,
Measure lo

Output Current Range IPSA1 -VS--5.OV, v~~~~.sv 2.1 mA
All input Bits High,
Measure t~

IISR2 -VS’--7.OV, V~~~~+25V 4 .2  mA
All input Bits High ,
Measure X~~

1~ feren~~ Bias Clirrent IRE?- All input Bits Low -3.0 +0.1 Uk
High Level Input lIft All input Bits VIM — +5.5V, 40. uA
curren t Each input measured

separately
Low Level Input Current III.. All input Bits VIN — OV, —800 Uk

Each input measured
separately

Pull Scal. Current IPS+ Vt0 . +0.5V 1.8 2.2 mA
at +.5V Cc~~ liance All input Bits High,

Measure t~
Full Scale Current I~S— V10 — —5.OV 1.8 2.2 mA
at -5.OV Compliance All input Bits High,

Measure Io,Pin 1 open
Change in full scale iFSC Vt0 —+ .SV to —S.OV, —4.0 +4.0 uk
current due to Measure I~voltage ccq liance
Positive Bit Errors 4NL+ (~~Positive Bit Irrors)/IFI 0.19 ~Measure l0

t4 gative Bit Errors ~ NL- (~~ Regative lit Errors) /111 —0.I~ S

Nsasure Io
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TABLE ~-l ELECTRICAL PERFORMANCE CHARACTERISTICS (DEVICE TYPE 03 )

JC-~l ~~I4T1TEE RECc*I4~~B&TIONS
- 
TEST SYMBOL CONDXT!ONS !/ 

- 
LIMITS UNITS

MIN MAX

Positive a Negative 
—

Bit Error Difference 8.4 NL g4ML+l - I4NL- I -0.05 ~0.0S S
Positive Relative NL+ ~~1L+d + / AXNL / 0.19 S
Accuracy
Negative Relative NL- I~~~NL- I + IA~ NLI 0.19 S
Accuracy

Monotonicity 8(i) ( Ion - ton— 11 ~~O at each 0 16 Uk
major carry point. j/
Measure to

Full Scale current .TC(IFS) Measure I~ Bits High —50 . +50. ppu/0C
Temp. Coefficient
Propagation Delay tpHL Fig. 2, all bits switched 6 100 aS
tine , High-To-Low leve- simultaneously,

Propagation Delay tpLH Fig. 2, all bits switched 6 100 AS
time, Low-To—High leve simultaneously,

Ref erence Amplifier du de Pig. 3 1.0 mA/uS
~JTJ~ut slew rate
Settling Tine , High- tsHL Pig. 2, output within 10 600 nS
To—Low level 1/2 LSB of final value of

‘0

settling Tim., Low-
To-High level ttLH Pig. 2, output within 1/2 10 600 nS

I.SB of final value of 1~

I

k

A 

-
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(Device Type 01)

no’rnsz ~/ 
VS — ±15V , VEEF — +10.000 ± .OOL V , 114 — 815 — 5.0000
* .000580,
VLC • VXO — -VREF — o•ov~ ~~~~~ — 2.OV ,

V V~~~ — 0. 8V, and rigur. 1, unless otherwise specified.

a, TA - 25°C test only.

2/ Bit Error - (Iai-Izs)3 wt~ers irs ii
• adjusted to (1.992aA + XIS ) and N — Positive

integers 1 through 8.

~/ 
The output either increases or rsaain. the sa~~ for
each LLSB increase of input code.

(DEVICE TYPE 02)

‘rEs t 1/ VS — ±15V , VREF — +10.000 ± .OO1V , R14 — 815 — 5.0000— ± .000580,
VLC — VXO — ~T0 - -VIE? 0.OV , V~1(~j 2.OV ,
V~~~ — 0. ev, and Figure 1, unless othe rwise specified.

2/ - 25°C test only.

2/ Bit Error _~~.~~ 0*A~ — (Xt4-ZZS)~~ where IFS is
adjusted to (l.992nA + XIS) and N — positive
integers 1 through 8.

j/ The output either increases or reasins the sa~~ for
each 1LSB increase of input cods.

V (DEvIcE S 03)

ROTIS t ~/ 
+VS +5 OV, —VS — -l5.OV , VRE? • +10.000 ± .OOLV ,
814 — 815 — 5.0000 ± .0005817,
VLC - yb — -Vh F - 0.OV , V~z~~ - 2.OV
V~~~ - 0 • 8V, and Figur e 1, unless otherwise
specified.

2/ TA — 25°C te t only.

2/ Bit Error .[!~~
00

~
1
~ - (I~ - Where XIS is

adjusted to (l.992M + XIS) and I • positive
integers 1 through S.

j /  The output either increases or r a 4 ~e the afor each iLlS increase of input cede.

- - V.
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t S~ 4 (OW) ~SIfl (OFF)

Vendor F (n sec.) (n sec.)

S/N 2 120 ~.26 - •

3 123 116
4 124 192
5 120 118

Vendor C

S/N 6 110 1.00
7 112 110
8 114 110
9 120 120
10 112 112

Vendor E

S/N 11 110 100
12 110 100• 13 110 1.03
14 100 103

• Vsndor II

S/N 101 165 160
102 165 160
103 165 160
1.04 165 160
105 160 155

Vendor A

S/N 19 93 100
20 94 105
21. 95 105

Table 6-2. Settling Time Data (taken by CEOS) .

V -~

V1-38
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Table 6-3

PROPAGATION T IME TEST OF DAC 08’s

Devics S/N Condition c~~~jtion 2

Industry Sample 1 2 nsec

1 35 44
24 41 42
35 50 56
47 33 42
70 34 41

Purchased Sample

1 35 42 nsec
3 38 40
4 38 44
5 39 43

• 6 30 38
7 29 39
8 34 38• 9 42 48V 10 35 40

V 15 31 34• 25 29 32
26 32 31
27 34 37

Condition 1 — ~~~~ ~~ — 2 .7 V

Condition 2 — tpuj, , ~t — 0.7 V

• •

V1 39

-
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TABLE 6-4

• SLEW RATE DATA

Condition
Device s/s (1) (2) (3) (4) Unit s

(Industry Sample) t t t t

1 225 235 250 260 nsec
24 300 300 300 305
35 490 500 480 500
47 225 230 230 225
70 330 335 330 350

(Purchased Sample)

1 400 405 395 400 nsec
3 370 315 365 380
4 460 480 440 470
5 455 4~~ 465 470
6 290 295 295 300
7 265 215 280 295
3 295 285 295 295

• 9 350 355 340 355
10 290 295 280 290

• 15 235 240 220 230
25 220 225 215 205
26 245 240 230 245
27 255 245 250 260

Condition (1) all bits low , low-to-high transition at the output
(2) all bits high , low-to-high transition at the outpu t
(3) all bits low, high-to-low transition at the output
(4) all bits high , high-to-low transition at the output

V 
Room temperatur . only

~i• i~ — 1.5 M/usec. min
dt

g t — 667 nsec . mex

— ~~~~~~~• • -
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TABLE 6-7. Comparison of CE/Stgnetics

Dsta on 5 industry samples

TA -55 C TA +25 C TA — +125 c
S/N Parameter GIOS St$ GEOS Si~ GEOS Sig Units

1 1+ 3.280 3.27 3.320 3,35 3.240 3.28
24 2.075 2.02 2.000 1.97 11810 1.79
35 1.555 1.55 1.455 1.47 1.290 1.31
47 2.430 2.49 2.525 2.42 2.170 2.15
70 2.095 2 ,05 2.120 2.13 1.985 2.00
1 I— —7.125 —7.17 —7 .185 —7.24 —7 .100 —7.17

24 -5.930 -5.94 -5.870 —5.89 -5.690 -5.72
35 -5.445 -5.50 -5.365 -5.43 -5.210 -5.27
47 -6.365 -6.39 -6.280 -6.30 -6.025 -6.05
70 -5.960 -5.97 -6.000 -6.04 -5.890 -5.93
1 IFS(10) 1.994 1.9828 1.995 1.9825 1.992 1.9802 mA

24 1.995 1.9824 1.996 1.9828 1.995 1.9819
35 1.996 1.9869 1.999 1.9878 1.998 1.9878
47 1.988 1.9782 1.987 1.9690 1.985 1.9745
70 1.988 1.9761 1.990 1.9777 1.989 1.9781
1 IFS (10) 1.994 - 1.994 - 1.991 - mA

V 24 1.994 - 1.996 — 1.995 -
35 1.996 - 1.999 - 1.998 -

47 1.988 - 1.98 7 - 1.985 -

70 1.988 - 1.991 - 1.989 -

1 IZS( 10) 26.0014 -20014 97.5014 -51014 353.514 -210M uA
24 -1.00014 -22014 8.00014 -60014 82.5014 -39014
35 -500.Ou -21014 30.0014 -59014 190.014 -17014
47 62 .0014 -16014 158.5M -44014 399.014 -13014
70 109.514 -20014 81.0014 -53014 452 .014 -47014
I IZS (To) 26.0014 -19014 105.514 -SOOM 325.SM -26014 uA

24 -500.Ou -21014 10.5014 -59014 50.5014 -55014
35 4,00014 -21014 22 .0011 -570M 120.014 -47014
47 64.SOM -15014 157.014 -44014 369.OM -19014
70 22.5014 -19014 81.5014 -52014 230.OM -36014

*14 • ailli (-20014 — -0.2)

• *~ • micro (-500.0 u — -0.0005)
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TABLE 6-7. Comparison of CE/Sign.t ics (cont ’d.)

Data on 5 industry samples

I
TA -55’C TA • +25~C TA - +125’C

S/N Parameter CE(~S Sig CEOS Sig CEOS Sig Unit

1 PSSIFS+1 -24.9111 -1014 0.000 0.02 -70.08M 0.06 uA
24 (1~) 19.7914 20~1 25.1511 0.0 -15.1311 0.02
35 1.0.0114 +1014 -24.9111 0.0 -‘30.04M 0.03
47 -49.8314 +5011 -50.0614 -6014 .100.111 0.11
70 0.000 0.0 -15.1314 -1014 -50.06M 0.04
1 PSSIFS+1 34 92M - -20.0211 - 5.12211 - uA

24 (T0) 20.0214 - -40.0514 - -80.0911 -
35 -20.02 14 - -20 .0214 - -84.9811 -
47 0.000 - -50.0614 - -99.88M -
70 0.000 - -40.0514 - -149.914 -
1 PSSIFS+2 -24.9111 -4014 0.000 -3014 -70.0814 1014 uA

24 (Is) — 19.7911 —3014 25.1514 —3011 —15.13 11 0
35 10.0111 -40)1 -24.91 14 -1011 -30.0414 1014
47 -49.8311 -2014 -50.06)4 +10)4 -100.114 50M

V 70 0.000 -4014 -15.1314 -2014 -50.06M 1014
1 PSSIIS+2 34.9214 - -20.02 14 - 5.12214 - uA

24 (T~)) 20.0214 - -40.05 11 - -80.0914 -
35 —20.02 11 - -20.02 14 - -84.9811 -
47 0.000 - -50.0614 - -99.88M -
70 0.000 - -40.0511 - -149.9M -

• 1 PSSIFS-1 -74.9711 +9011 -114.811 +12011 -115.OM 20011 uA
V 24 (Ia) 100 . 114 +6014 70.08)4 +120)1 84.98M 19011

35 -99.8811 +2011 -60.0714 +10014 -125.011 15CM
47 250.114 -40)1 99.88)4 +50)1 50.0614 13014
70 -150.2M +14014 -64.9614 +17011 -149.911 25011

• 1 PSSIPS-l -79.8614 — —64.96M - — 145.1M - uA
24 (T0) -80.0911 - -84 .98M - -140.214 -

35 -60.07M - -94.9911 - -160.0)1 -
47 300,114 - 149.9)1 - 50.0611 -

V 70 -149.9)1 - -180 .014 - — 149.9 14 -
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TABLE il. Comparison of CE/Sigust ics (cont ’d.)

Data on 5 industry sample.

TA — -55’C TA — +25’C TA • +125’C
S/N Parameters CEOS Sig GEOS Sig GEOS Sig Unit

1 PSSIFS 2 -295.011 270)1 -255.211 280)4 -285 0)1 36014 uA
V 24 (1~) -129,914 14011 -175.111 20011 -655.011 29011

35 -329.9)4 12011 -315.OM 160M ~4.865* 24011
47 -150.211 IIOM -200.011 170)4 -600.011 26011
70 -299.914 22014 -300 .1M 280)4 -450.111 370)4
1 PSSIFS-2 -335.OM - -270.111 - -295.011 - uA
24 (To) -129.914 - -165.111 — -585.114 -
35 -220 .011 - -280.111 - ~3.l90* -

47 -100.114 - -149.911 - -349.911 -
70 -250.1.11 - -299.911 - -400.014 -
1 IFSRI(10) 2.110 — 2.880 - 2.730 — mA

24 2.930 - 2.930 - 2.640 -
35 1.610* - 1.730* - 1.370* —
47 2.890 - 2.870 - 1.766* -
70 1.636* - 2.680 - 2.016* -
I 1FSR1(1~) 2.750 - 2.930 - 2.910 — mA

24 2.930 - 2.930 - 2.660 -
35 2.029* - 2.070* - 1.628* -
47 2.910 - 2.900 - 2.290 -
70 2.240 - 2.860 - 2.310 -
I tFSP.2(1~) 1.915* - 3.780* - 3.450* -

24 4.010* - 4.020* - 2.210* -
35 2.460* - 2.290* - 2.040* -
47 4.030* - 3.680* - 1.775* -
70 2 .004* - 2.100* - 1.838* -
1 1VSR2 (Yr,,) 3.690* - 4.020* - 4.020* - mA24 4.010* - 4.020* - 2.530* -
35 3.320* - 2.970* - 2.460* -
47 4.020* - 4.030* - 2.920* -
70 3.280* - 3.340* - 2.740* -

I -
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TABLE 6-7. Comparison of GE/Sign.tics (cont ’d.)

Data on 5 industry samples

S.,

TA ...55UC TA — +25 C TA • +125’c
S/N Parameter GEOS Sig GEOS Sig GEOS Sig Unit

1 IRE? - 1.875 —2.21 -.1.980 —2.34 — 1.915 -2.25 uA
24 -383,014 -0.74 -452.5)4 -0.83 -492.514 -0.85
35 -452.014 -0.81 -492 .5M -0.86 -484.011 -0.86
47 —1.965 —2.31 — 1.925 —2.27 —1.570 —1.90
70 — 1.120 —1.47 —1.150 —1.50 —965.0 11 —1.31

V I IIN(Bit #1) 9.200M -0.1 3.65014 -0.1 20 .10)4 0 uA V
24 950 Ou 0 6.75011 -01 6.00014 -0.1

V 
V 35 7.650)4 0 4.70011 -0.1 3.750)4 -0.1

47 7.050)4 0 -1.05014 -0.1 13.1511 -0.1
70 9.20014 0 -300.Ou -0.1 15.05)4 -0.1
1 IIH(Bit #2) 7.900M 0 5.050M 0 16.95M 0

24 3.15014 0 7.40011 0 4.95011 0
35 8.15011 0 3.95CM -0.1 4.25014 0
47 7.65CM 0 -700.Ou 0 11.65M 0
70 9.500M 0 -1.35011 0 13.5CM 0
1 IIH(Bit #3) 6.700M 0 6.350)4 0 16.70M 0 uA
24 4.700)4 0 8.15014 -0.1 4.300M 0
35 8.95014 40.1 2.900M 0 11.5CM 0
47 8.40014 0 400.Ou 0 ll.25M 0
70 9..200M 0 900.Ou 0 11.5CM 0
1 1IH(Bit #4) 5.65011 0 7.550)4 0 15.5CM 0 uA

V 24 6.15014 40.1 9.00014 0 3.SOOM 0
4 35 9.300M 90.1 1.700)4 0 10.5511 0

47 9.05CM 0 2.900M 0 I0.10M 0 V

70 8.350M 0 -l.850M 0 10.4511 40.1
1 IIH(Bit #5) 4.85011 0 8.35014 -0.1 13.25)4 0 uA
24 7.250 11 0 9.45011 -0.1 2.95014 0 V

35 9.35CM 0 900.Ou 0 12.2514 0
47 9.40014 -0.1 4.60014 0 8.400M 0
70 7.15CM 0 -50.0~ -0.1 9.65014 0 V
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TABLE 6—7 . Comparison of GE/Signetics

-i Data on 5 industry samples

TA — -55°C TA • +25°c TA — +125°C
V S/N Parameter GEOS Sig GEOS Stg GEOS Sig Unit

1 II}1(Bit #6) 4.25011 0 9.05011 0 11.35M 0 uA
V 24 8.100M 0 9.55014 0 2.45014 0

V 35 8.800M 0 -50.OOu 0 13.90M 0
47 9.350M 0 5.95014 0 8.250M 0
70 6.10014 0 400.Ou 0 8.850M 0

V 1 IIH(BLt #7) 3.600M 0 9.20014 0 10.30M 0 uA
24 8.850M 0 8.800M 0 2.25CM -0.1

V 35 7.90014 0 -I.1SOM 0 14.5014 0
47 8.300M 0 7.000M 0 7.75011 0
70 5.20011 0 200.Ou 0 8.750M 0
1 IIR(Bit #8) 3.20011 0 9.50CM 0 9.25014 0 uA

V 24 9.400M 0 7.80011 -0.1 2.150M 0
35 6.700M -0.1 -1.~00M -0.1 14.80M 0

V 47 7.40014 -0.1. 8.00011 0 8.900M 0
70 4.50011 -0.1 250 Mu -0.1 6.700M 0
1 IIL(Bit #1) .4.705 —4.3 -5.195 -4.9 — 5 . 245 -5.0 uA

24 — 1.305 -1.4 -1.565 -1.6 -1.690 -1.7
V 35 —1.480 —1.6 —1.580 —1.7 -1.575 -1.7

47 -4.050 -4.0 -4.270 -4.0 -3.950 -3.6
V 70 —2.8 10 -2.8 -3.050 —3.0 -2 .720 -2.7

I IIL.(Btt #2) -4.170 -3.9 —4.600 -4.3 —4.595 -4.4 u-A
24 —1.365 — 1.5 — 1.610 —1.7 -1.715 — 1.7
35 —1.455 —1.7 -1.575 -1.7 -1.600 -1.7
47 -3.655 -3.7 -3.905 -3.7 —3 .625 -3.4
70 —2 .645 —2.7 —2 .840 -2.8 —2.515 -2.5
I IIL(Bit #3) -4.350 -4.1 -4.730 -4.4 -4.670 -4.4 uA
24 —1.385 —1.5 -1.615 —1.6 —1.700 -1.7
35 — 1.540 —1.8 —1.630 -1.8 -1.655 -1.8
47 -4 .180 -4.2 -4.340 -4.1 -4.000 -3.7
70 —2 .795 -2.8 -2 .980 -3.0 —2.600 -2.6

V V
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TABLE 6—7. Comparison of CE/Sigmetics (cont d.)

Data on S industry sample.

TA • -55°C TA • +25°C TA +125°C
S/N Parameter GEOS Sig GEOS Big CEOS Sig Unit

1 IIL(Bit #4) -4.285 -4.0 -4.655 -4.4 -4.635 —4.4 uA
24 — 1.385 —1.5 -1.625 —1.7 —1 .725 —1.8
35 — 1.585 —1.8 —1.660 —1.8 — 1.645 —1.8
47 -3.945 —3.9 -4.130 -3.9 —3.835 -3.6
70 —2 .700 —2.7 —2.860 —2.9 —2.550 -2.6
1 IIL(Bit #5) -4.450 -4.1 -4.830 -4.5 -4.775 -4.5 uA

24 — 1.345 — 1.4 — 1.590 —1.6 —1.700 —1.7
35 —1.555 —1.7 — 1.670 —1.8 — 1.700 — 1.8
47 -4.370 -4.3 -4.515 -4.2 —4.045 -3.8
70 —2 .930 -2.9 —3.120 —3.1 —2.745 —2.7
1 IIL(Bit #6) -4.420 -4.1 -4.820 -4.6 -4.765 -4.6 u-A
24 —1.400 —1.5 — 1.645 —1.7 —1.730 —1.8
35 -1.545 -1.8 -1.630 -1.8 — 1.670 —1.8
47 -4.205 -4.2 -4.350 -4.1 -3.915 -3,7
70 -3.015 -3.0 -3.145 -3.2 -2.765 -2.8
I IIL(Bit #7) -4.30 5 -4.1 —4.695 -4.5 -4 .680 -4.5 uA
24 —1.330 —1.4 —1.610 -1.7 — 1.740 -1.8
35 — 1.490 —1.7 —1.620 —1.8 —1.645 -1.8
47 -4.230 -4.2 -4.385 -4.2 -3.935 — 3.7
70 —2 .900 —2.9 -3.100 -3.1 -2.725 -2.7
1 IIL(Bit #8) —4 .840 -4.5 -5.400 -5.1 -5.450 -5.2
24 — 1.445 —1.5 —1.660 —1.7 —1.775 —1.8
35 -1.720 —1.9 —1.805 —2 .0 —1.825 -1.9
47 -4.200 -4.1 -4.445 -4.3 -4.070 -3.8
70 -2 .980 -3.0 -3.285 -3.3 —2.940 -2.9
1 IFS+(lo) 1.997 - 1.996 - 1.993 - mA

24 1.996 - 1.997 - 1.995 -
35 2.001 — 2 .001 — 2 .000 -
47 1.991 - 1.989 - 1.986 -
70 1.991 - 1.992 - 1.990 -
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TABLE 6-7. Comparison of GE/Signetics (con t ’d.)

Data on 5 industry samples

I

TA • -55°C TA • +25°c TA • +125°c
V S/N Parameter GEOS Sig GEOS Sig CEOS Sig Units

V 1 z?S+(10) 1.996 - 1.996 - 1.992 — mA V
24 1.996 - 1.997 - 1.995 — 

V

35 2.001 - 2.001 - 2.001 -

47 1.992 - 1.989 - 1.986 -

70 1.991 - 1.992 — 1.990 -
V 1. IFS-(I~,) 1.993 - 1.994 - 1.991 -

24 1.994 - 1.995 - 1.994 —
V 35 1.995 - 1.998 - 1.997 -

47 1.987 - 1.986 - 1.984 -
70 1.986 - 1.989 - 1.988 -
1 IFS — (10) 1.992 — 1.993 — 1.991 — V
24 1.993 - 1.995 — 1.994 -
35 1.995 — 1.998 - 1.997 -
47 1.987 - 1.986 - 1.984 -
70 1.987 - 1.989 - 1.988 -V 

1. Delta IFSC 3.934 .28 2.243 — .29 1.749 -.41 u-A
V 24 (Ia) 2.499 .13 1.713 -.36 1.552 -.28

35 5.893* .23 3.566 -.24 2.648 — .17
47 4 739* .11 2.862 -.33 1.956 -.14
70 4,343* .58 2.754 -.01 2.247 — .01
1 Delta IFSC 3.964 .23 2.257 -.34 1.694 -.37 uA
24 (To) 2.544 .13 1.753 -.43 1.507 -.33
35 5.901* .23 3.543 — .28 2.707 -.18
47 4~774* .1 2.862 -.4 2 .007 - .45

V 70 4.233* .53 2.689 -.04 2.347 —.12
1 Error(Bit#1)-45.1IM 22M -25.6511 4.5)4 -14.1214 -6.0)1
24 (to) 22.97M 1.5M 4.198M 19.5M 15.88M 35ss514
35 Il.56M -32.514 26.3211 -4711 35.94M -5811
47 -89.07M 70.5M -49.9511 36.511 -37.4514 2211
70 -54.23M 34.511 -3214511 9.511 -22.4 1M 9.5M
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TABLE 6—7. Comparison of GE/S1.gnettcs (cont’d.),

Data on S industry samples .

I-
a

TA — -55°C TA — +25°C TA +125 C
S/N Parameter GEOS Sig GEOS Sig GEOS 

V 

Sig Unit

1 Error(Bit#1) -55.7011 - -36.3011 - -26.34M -
26 (T0) —4.52611 - 2.84314 - 19.5514 -
35 12.8411 - 28.5711 - 37.97M -
47 -81.2414 - -47.88M - -37.4311 -
70 -51.47M - —27.52M - —15.6411 —
1 Error(Bit#2) -50.60)4 36.514 -45.77M 33M -45.20M 33.5M
24 (to) -30.9514 1814 -30.73M 18.514 -30.9214 20.514
35 —18.9811 711 -16.4514 2.5M .-14.67M 3.SM
47 1.31014 -16.514 —11.8111 -3.5M -17.0511 5M
70 l0.54M —22M 12.9711 -24.514 11.7811 18M

V 1 Error(Bit#2) -60.08M - -53.21M - -52.1714 -
24 (Ta) -36.2211 - -30.64M - -31.05M -
35 —14.58)1 - -12.18)1 - a -11.1814 -
47 -1.8.5014 - -19 .0614 - - -21.2014 -

70 13.1IM - - 14.9311 - 15.61.14 -
I Error(Btt#3) 23.29)4 -3411 13.80M -23M~4 6.927)1 -15)1

V 

24 (Ia) 1,60114 .7M .5.42111 -211 -9.69311 2.511
V 35 -16.1214 7.5M -19.9214 1111 -22.0714 14)1

47 —20.6611 11.514 -21.81M 1114 -22.7214 13.514
70 -2 .98011 -5.5M -10.0511 2.5M -16.397,1 1IM
1 Error(Bit#3) 24.8714 - 14.7011 - 6.36214 -

V 
24 (!~) -7.693M - 7.04214 - -10.1011 -
35 -15.7211 - -18.77M - -20.7814 -
47 -19.3211 - -21.38M - -21.9011 -

V 10 -2.009 11 - -8.43711 - -13.5114 -
1 Error(Bit#4) 15.0914 -2311 11.8511 -20.5)4 10.6414 -1.611

35 -25.9311 19.514 -29.8911 2314 -32.57M 27M
V 47 -4.10614 -3M -7.308)4 -1.5)1 -8.17414 2M

10 -9.26214 3M —17 .2611 1111 -22.50M 19)4

V 

—

~~~~~~~~~~~~~~~~~~~~~~~~ 24 (Is) -13.4214 714 -15.4411 8.514 -18.5614 1314
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TABLE 6-7. Comparison of GE/Signettcs

- 
Data on 5 industry sample. ~

V 
TA — -55°C TA — +25°C ~‘ TA • +125°C

V S/N Parameter GEOS Sig GEOS 
~ .g GEOS SLg Unit

1 Error(Bit#4) 17.02M - 13.8811 - 10.2614 - 7.
24 (1.,,) — 14.81M - —15.04 14 - -17.7214 —
35 -25.5CM - -29.32M - -31.20M -

V 47 7.048M - -1.78211 - -5.24311 -

V 70 -8.93914 - -16.2311 - -20.8111 -
1 Erroz(Bit#5) 6.70611 -614 3.63111 -3.5)4 376.Ou -1.511 7.

24 (‘s) 30..OOM ~‘29?4 30.97)4 -3214 32.17M -31.511V 

12.5214 -12.5M 15.9511 -1614 16.04)1 -16.5M
47 7.166M -514 243411 -111 -1.403)4 1.5M
70 5 594M -3 967.8u -114 -1.67114 2.5M

1 1 Error(Bit#5) 7.584M - ~ 4.070M - 560.7u - 7.
V 24 (T0) 30.1814 - 32 .0711 — 31.5611 -

35 13.5511 - 17.06M - 17.9211 -
47 5.14614 - 820.2u - —2 .15511 -

70 5.30111 - 1.583)1 - -197.9u -
1 Error(Bit#6)-26.42M 2714 -30.52M 30.5)4 .33.1214 32.514 7.

V 24 (Is) 8.926M 8.514 44.75M 15M 1.7.48M 17.511
V 35 -18.21M 1814 -2Z.27M 2214 

- 

-25.33M 25.St4
47 -14.3411 14.514 -16.7514 1811 -18.51)4 1911
70 I9.02M~~-17M 14.52M 14M 11.0314 -18.511
1 Error(Btt#6)-25,84M - -29.97M - -32.7114 - 7.

24 (T0) -10.6214 - -14.83)1 - -16.7714 -
35 -17.65M - -21.5814 - -24.35M -

47 —15.12)4 - -17.9514 — —19.3811 —

70 18.62)4 - 15.0214 - 12.6614 -

1 Error(Btt#2) 24.25)4 -2414 24.12M -24 5M 29.7611 -30M 7.
24 (to) 6.61814 7)4 10.71M 1.114 -13.0814 1211
35 1.27714 -1.5)4 -2.10314 2,5M -3.480)4 1.514
47 33.5114 -35.5)4 30.8411 -31)1 33.1014 -33.5)1
70 —6.72611 7.514 -7.27611 7)1 -1.12211 —3.511

‘N ..
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TABLE 6-7. Comparison of GE/Signetics

Data on 5 industry samples

(S

TA -55°C TA — +25°C TA — +125°c
s/N Parameter GEOS Sig GEOS Sig GEOS Sig Unit

1 Error(Bit#7) 25.05M - 23 .79M - 29.63M - 7.

24 (1~,) -6.774M •- -l0.34M - -12.46)4 -
35 1.107)4 - -1.871)1 - -3.32711 -
47 34.4011 - 31.5011 - 32.14M -
70 -6.798)4 - -7.184M - -395.2u -

1 Error(Bit#8) 4.940)4 -4.514 3.149)4 -2.OM 3.77214 -4.514
24 (‘o) 11.78M —12)4 5.20514 -5.014 317.5u -1.511

V 35 10.7211 -1IM 5.10311 -5.OM 1.57614 -3.OM
47 42.47)4 -45M 35.76M -36.5M 33.7211 -34.5M
70 2.900M -2.514 -2.420M 2.OM -2 095M -1.014
1 Error(Bit#8) 20.65M - 19.6111 - 19.6011 - 7.

24 (To) 7.91811 - 827.3u - -4.48711 -
35 1.831)4 - —3.987M - -7.569M -
47 44.72M - 36.6114 - 33.2414 -

70 -8.93114 - -14.54 - -14.55M -
1 Sum NL+ 74.27)4 9014 56.55M 71.5M 51..48M 675)4 7.
24 (Is) 41.78M 43.5M 36.1814 56.5M 48.37M 67M
35 36.0811 5611 47.37M 65.511 53.55M 73.5M
47 86.4514 99.5)4 68.6314 69)4 66.8211 70.511
70 38.06M 4911 28.4511 38.5M 22.81M 40M
1 Sum NL+ 95.18)4 - 76.0511 - 66.4211 - 7.
24 (T0) 38.1011 - 35.74 11 - 51.1211 -
35 29.3214 - 45.63M - 55.69M -
47 91.3111 - 68.9411 - 65.3811 -
70 37.03)1 - 31.53M - 28.2714 -

1 Sum NL- -122.1)4 -‘89)4 -10l.9M -72)4 “92.43)1 -67M 7,
24 (Is) -84.48)4 46.5M 81.24M 55.5M 89.73M -66M
35 -79.2411 -53.5)4 -90.63M —65.511 -98.12M -75)4
47 -128.2)4 -101.514 -107.6M -69.SM -I05.3M -68.5M j
10 -73.20M -47)4 -69.4514 36.5M -66.1911 -39.5)1

~ui~
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TABLE 6-7. Comparison , of CE/SLgn•tics

Data on 5 indus try samples

TA — “55 °C TA • +25°C TA — +125°c
S/N Pa rameter GEOS Sig GEOS Sig GEOS Stg Unit

1 Sum NL- - - - 7.
24 (T0) - - -

35
47
70
I Sum NI.. -.048 .001 - .045 -.0005 —.041 .0005 7.
24 (Is) - .002 - .001 — .001 

V

35 -.043 .0025 -.043 .000 -.045 .0015
47 -.042 -.002 -.039 -.0005 -.039 .002
70 -.035 +.0002 -.041 +.002 -.043 .0005
1 Sum NL - - - V

24 (T0) - - -
35
47
70
1 NL+(10) - - -24
35
47
70
I NL+(T~,) - - -

24
35
47

V 70
1 NL— (10) — — —
24
35

70

r ’-~*.~
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TABLE 6-7. . Comparison of GEOS/Signetics Dynamic Data

Sett ling Time
tSLH (nsec) tS}IL (nsec)

s/N GEOS Signet ics GEOS Signet ic.

76 100 86.8 110 83.2

30 107 122.8 110 83.2

63 110 86.8 106 90.4

66 104 86.8 104 79.6

68 104 76.0 107 90.4

Propagation Delay
tPLH (nsec) tPHL (niec) 

—

GEOS Signetics GEOS Signetics

V 1 35 31 44 15

24 41 32 42 14

V 
35 50 43 56 36

47 33 29 42 5

70 34 33 41 13

V Reference Amplifier Slew Rate
At~~ (L - H) (nsec) A tOFF (H - L) (nsec)

GEOS Signetics GEOS Signetic.
(bits high)

1 236 127 260 68

24 300 223 303 119

S 
- 35 500 362 500 1.83

47 230 123 223 73

70 333 202 350 98

*UJ aonssxmn ~sumso o~ ics~ L~?$.S14.II$/I?
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