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ABSTRACT 

s™ 'i:rs„T,- “> --- -«.ää. 
hybrid miorocir^uv^r In hI v , “*« l*‘'formed on three 

control and the screens established 

optimum setU(!fSquaUf^cation1 procedures for eVa,UatI°n t0 *he „, an 

h7°rd 
a.So compüed on rendo; ^ 

- variabte 

Äirrr,ia:r =1 
minimized by exposine each hvhriH t ■ t GC ^ese vai ia,:,ïes can be greatly 

quent sampling for Quality ConformanceTnsp^U™ ^7^100°1 SCreening and subse- 
itself, was shown to be not completely !ffeeM™ ?n l>erCent scree,'i"e. b>' 
To assess the quaUty of each hybrid lot , eXC U<lme iaul,v and marginal units, 
anee Inspection. Y 0t’ a sample must be for Quality Conform- 

It is recommended that additional studies and testing be funded to: 

1. Establish and verify qualification procedures for beim ir.nH o i n- 
Chip hybrid microcircuits, and Jcomp,^ r^Xs. 

2' chifTnficrocircuits^ for PaCkaiSin‘! te*d 3"d fb- 
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EVALUATION 

The objective of this effort was to establish optimum procedures for 
assuring standard levels of quality and reliability for hybrid micro¬ 
circuits. These new procedures were to provide, with a high degree 
of confidence, the specified classes of quality and reliability per 
MIL Standard 883 Method 5004. Wherever possible, maximum standardi¬ 
zation through the use of the silicon monolithic microcircuit methods and 
procedures was to be attempted, with successive higher levels of quality 
and reliability being accomplished through more rigorous control and 
increased screening. Basically, the contractual requirements were to 
provide detailed procedures for vendor and device qualification, lot 
quality conformance and device screening, and also to associate with 
each, the cost as a function of the quality level. 

The program was performed in two parts: a study phase.to establish the 
most effective and nondestructive series of screening procedures deter¬ 
mined by a step stress testing program on three device types; and - 
verification phase designed to evaluate the effectiveness of the developed 
procedures. During the study phase, a survey of the industry was completed 
that determined the types of hybrids in use today and those envisioned 
for the near future. Also, a comprehensive analysis of the data accumu¬ 
lated from the previous testing of 125,000 hybrid microcircuits was 
completed. 

All of the screens of Method 5004 of MIL-STD-883 and several others 
were evaluated to optimize methods and procedures. The results of 
these evaluations were useful as a whole, but in the following areas, 
the findings were significant. 

Hermeticity - Data received from the weight change technique of gross 
leak detection was instrumental in deciding to include this procedure 
in Method 1014.1 Seal of MIL-STD-883. - ^ 

Bond Strength (Attached Chips) Test results indicate that a shear stress 
test, on attached chip components, is required on a sampling basis. 

Centrifuge - It was shown that force in the Y, direction can push the 
flying lead wires toward the substrate causing potential shorts. This 
is true for hybrids because the internal wire leads are usually longer 
and tend to lie closer to the edges of chip devices than in integrated 
circuits. Therefore, centrifuge in the Y2 direction is not recommended 
as a 100 percent screen test. 

» 
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Reverse Bias Burn-In - Due to the extensive handling of semiconductor 
chips prior to, and during, circuit fabrication, the possibility of surface 
contamination is greatly increased. It was concluded that a reverse bias 
bum-m should be required when a circuit design readily allows the reverse 
biasing of a significant number of chips. 

This completed hybrid effort is part of the RADC/RCR.M microcircuit oflalitv 

reHnhíif^11^ s^udfes which are designed to provide the required 
reliability for all forms of microcircuits the Air Force uses. However, 
additional work is still required to define the bonding and screening 

SvhÎÆreSA?PP Cable,t0 a“ached active ^ ?assive chip components for 
hybrids. Also, rework in hybrids presents a different problem than rework 

i integrated circuits, because they are usually more expensive and fabricated 
in smaller quantities. These circuits, in most cases, contain various tvpes 
of components which have to be mounted and interconnected to complete the 
circuit function which complicates the fabrication of the devices. As a 

Th!™*' reW-!k 15 duSÍjab^e fr°m a Practical and an economic point of view, 
nmítí J rauSt.be decided «hen rework is allowable, what are acceptable 
limits and what criteria are necessary for control. 

The overall results of this effort have been extremely useful to RCRM 
in revising MIL-STD-883, Test Methods and Procedures for Microcircuits. 
TTie contractor s overall performance was excellent and the program's 
objectives were satisfactorily completed. 

Solid State Applications Section 
Reliability Branch 
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SECTION I 

introduction 

î.l PROGRAM OBJECTIVES 

tract F30602-69-C-„390f lssued by the Rome 

The functional rGQuircniGnt^ nf miHfnv» 

to a great degree, being met through the appUcatfoTof "hv^T deVeloped are- 
The nature of these systems is such that „ f hybnd micr°circuit techniques 

guards must be established to aSsLe mlUenanc "“T hybrid Circuits- ‘ 
rciiability. Procedures for handling microelectron T °f qUaIity atld 
established in MIL-STD-883 Test^Teth T !ÍT CeS had Previ°usly been 
and in Notices 1 and 2. ThL proeedutt hl Pr?Cedures Microelectronics, 
emphasis on silicon monolithic circuits This oro61’ developed with principal 
with hybrid microcircuits—establishing and veHfv ^^’ COnversely» was concerned 
procedures for assessing the basic canabilitv of ^ optimum set of Qualification 
cuits at specified levels of quality and feUabflitv T t0 hybHd microcir- 
additional information necessary to incorporate^hvbrid01^ thlS’ ^ program yielded 
procedures of MIL-STD-883. ^ * hybrid microcircuit testing into the 

The overall program had two main phases: 

1- *>“* 0» hybrid, were 
hybrid microcircuits. P S reSS teStS WaS pel’f°imed on three 

2. The Verification Phase, in which the effectiveness of .h- 
.ad screen, estabiished by the study and evaluaZ 

was Ä1508“ °f tMS ‘»a definition of a hybrid microcircuit 

of eien,ents which 
or a combination of one or both types w^screTp“01” 
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1. 2 GENERAL APPROACH 

'l he general approach to the goals of the program was to: 

• Review the effectiveness of existing specifications already in use, 

• Perform additional tests to determine the capabilities of hybrid micro- 
circuits which were in production, 

• Perform verification and demonstration tests on a significant number of 
hybrids to validate the qualification procedures. 

1.3 ORGANIZATION OF REPORT 

This report is presented in two general parts. ThAirst part is a general discus¬ 
sion of the overall program, and includes data summai izations and pertinent findings. 
The organization is such that major program phases are covered within major sub¬ 
sections. Among the major topics covered are "types of hybrids in use" (Paragraph 
2. 2), "experience with hybrids on production volume programs" (Paragraph 2.3), 
"stepped stress testing of hybrids" (Paragraph 2.4)... "screening results to obtain 
Class C, B, and A hybrids" (Paragraph 3. 4)... and "overall conclusions" (Section IV). 

The second part is appendixes containing procurement documents used in the study, 
and detailed information and test results, in support of the findings discussed and the 
conclusions set forth in the report’s main body. 

2 



SECTION II 

STUDY PHASE 

2. 1 GENERAL 

The objectives of the study phase were to: 

• Study, evaluate, and summarize existing data on hybrid microcircuits, 

• Perform a series of tests to determine the effectiveness of specific 
environmental and mechanical tests in evaluating hybrid microcircuits. 

Existing data were reviewed to determine the effectiveness of screens in identify¬ 
ing reliable hybrid microcircuits. Environmental and mechanical tests were per¬ 
formed, as a series of stepped stress tests, to establish what stress levels the hybrids 
could withstand, and to determine new and better ways of qualifying hybrids. 

2.2 HYBRID TYPES AND APPLICABLE TESTING 

2. 2. 1 HYBRID VARIABLES 

A survey was performed of the industry to determine the types of hybrids cur¬ 
rently being manufactured and the types envisioned for the near future. This was 
accomplished through a literature search and by calling on company experience on 
recent proposals on complex hybrid circuits for systems of the future. 

In surveying the types of hybrids, reference was made to the Survey of Manufac¬ 
turers of Film Circuitry, prepared by The Boeing Company of Seattle, Wash. * This 
effort resulted in definition of eight general variables in the makeup of a hybrid micro- 
circuit. These eight variables, which affect the maximum levels of stress testing that 
can be applied to hybrid microcircuits without causing damage, are listed in Table I. 

The variables in Table I, which in various combinations constitute the different 
types of hybrid microcircuits, should be carefully reviewed before selecting test 
levels according to the procedures of MIL-STD-883. Besides the tests described in 
MIL-STD-883, specific test requirements may have to be imposed for unique hybrid 
applications. In such cases, a good general rule is to specify electrical tests which 
will confirm that each hybrid pin is functioning as intended. Such tests would be per¬ 
formed with specific input, output, and power supply voltage and current limits at 
specified temperatures. 

♦Survey of Manufacturers of Film Circuitry. 3 Reports dated Apr. '67, Nov. '67, 
and June '68. Submitted by The Boeing Contract N00163-67-C-0040. 
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Tatlk' 1 (Shm 1 ,,f 2>- Variables in iiybrid Microcircuit 

(jKNKRA l 
VARIABLES 

Electrical 
Properties 

Semiconductor 
Components 

I nterconnections 
Between Acfive 
Devices 

Package and 
Substrate 

Makeup 

SUBVARIATIONS 

Digital 

Linear 

Power Dissipation 

Combination (or special) 

Transistors 

Diodes 

Zener Diodes: 

— Regulator 

— Precision Reference 

— Low Voltage (Alloy Devices with Less Than 6. 5 V) 

Monolithic Integrated Circuits 

Chip and Wire: 

— Au Wire 

— A1 Wire 

Flip-Chip or Face Bonded Chips 

Beam Lead 

LID or Channel 

Hermetic Package Discrete Semiconductors 

Nonhermetic Package Discrete Semiconductors 
(Plastic Devices) 

Package Whose Bottom is also the Substrate (Special 
Bottom for Each Hybrid Circuit Type) 

Ceramic Substrate Fastened to Package Bottom: 

— Alloyed to Bottom 

— Solder Glass or Glass Frit 

— Epoxyed to Bottom 

4 



labié I (Sheet 2 of 2). Identified Variables in Hybrid Microcircuit Makeup 

GENERAL 
VARIABLES SUBVARIATIONS 

Package and 
Substrate 
(Continued) 

• Various Sizes of Package (l/4" x 1/8", Up Through 
2" X 2") 

• Various Package Materials; 

-- Metal 

— Glass 

— Ceramic 

— Plastic or Epoxy 

• Hermetic or Nonhermetically Sealed 

Conductors 
on Substrate 

• Thick-Film 

• Thin-Film 

Resistors 

• Thin-Film on Substrate 

• Thick-Film on Substrate 

• Diffused Silk ,a Chips 

• Thick-Film Chips 

• Thin-Film Chips 

— Single Chip (All Resistors on One Common 
Substrate Chip) 

— Multi-Chip (One Resistor per Chip) 

Capacitors 

• Ceramic Chip 

• Tantalum Thin-Film 

• MOS 

• Small Discrete 

Inductors — 

Individual conditions may require dc, ac, or pulsed dc excitation. In high power 
dissipation hybrids, the pulse width and duty cycle of pulsed dc tests become important 
factors where the hybrid is actually to be used under dc conditions. Checkout of a 
high power hybrid with a narrow-pulse-width, automatic, integrated circuit tester,at a 
specific temperature,may not assure that the hybrid will function in the actual applica¬ 
tion, because the junctions will not stabilize at the operating temperature the hybrid 
will experience. Electrical tests, over and above the functional tests, may have to be 
added to establish the quality of semiconductor junctions and passive circuit components. 
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are used a reverse his« F - b6 requlred- ,f dl-screte transistors and diodes 
,atio" ut ir. m , , J"'"' may Pr0Ve t0 be raore «“«ve than a parallel exeU 

hybrids using eacTmethod0 'If the'se^icond* feterm‘"ed only by “'““"B specific 
chips, .wevger, a reversé ^ 

The \r::::T-^rrve^es >s another *“<»««“ ««« •» consider. 

relatively ineffective at levTûtetow lOO^OO ^6°11 b°ndS 

bar^d - 

■eve,it« ::: rttt^Äcttr pac^tr rng s,rTs 
a critical feature, limiting acceleration, mechanical'shock Termal sLrZ!' 
perature cycling. Many large nackaire«. t ^ s/a., j , mermaI shock* and tem- 

levels due to the very mass of their chips, and also to the thermal ctfUcient o' 
e sponsion-versus-expansion coefficient of the substrate on which they are mounted. 

9 9 
CONCLUSIONS ON SELECTION OF STRESS LEVELS 

in tieierminingtheelecirical, mechanical, and environmental stress levels aonli 
cab e o a hybrid microcircuit, certain variables inherent in the makeup of each speci 

c hybr id circuit must be considered, as well as the ultimate application of the deWce 
hei e is, however, no general procedure applicable to all hybrid microcircuits be- 

zr;x:r.r-iairrrie by -b 

ye. high eTughto'acceteram any^iateTfalllTmechaTms^ T^’ z:z:iTrparts 

stirer; 
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2. 3 VOLUME PRODUCTION EXPERIENCE WITH HYBRIDS 

2. 3. 1 HYBRID CIRCUIT DESCRIPTION 

Delco Electronics Division tested approximately 125, 000 hybrid microcircuits 
from eight different manufacturers during 1967, 1968, and the first 8 months of 1969 
Detailed results of this testing are presented in this section. The subject hybrids were 
relatively simple circuits, fabricated by the chip and wire approach, and packaged in 
1/4 X l/s”, 1/4" X 1/4", and 1/4" x 3/8", hermetically sealed flatpackages The 
circuits involved were diode arrays, ladder switches, core memory switches ’ ampli¬ 
fiers, analog gates, and a dual JK flip-flop. 

Figures 1 through 5 show some of the hybrid circuits used in gathering data. 
Figure 1 shows the schematic of a 16-diode array and the actual package of 14 chips 
A ladder switch is shown in Figure 2 as two PNP transistor chips, an NPN transistor 
chip, and five thin-film nichrome resistors on a silicon chip. In Figure 3, two diode 
chips are combined with two NPN transistor chips, two PNP transistor chips, and four 
thin-film nichrome resistors on a silicon chip to form a memory switch. The same 
circuit, with thick-film resistors instead of thin-film, is shown in Figure 4 The dual¬ 
analog gate in Figure 5 consists of six FET chips, two NPN transistor chips, two PNP 
transistor chips, two diode chips, and two thick-film resistors in a 1/4" x 3/8" flat 
package. While the circuits shown do not include all the types evaluated, they are ty¬ 
pical examples of the hybrids evaluated. ~ ^ 

b. 1/4" x 1/4" Flatpack (Note the 
Unacceptable Crossover of 
Internal Conductors. ) 

Figure 1. Sixteen-Diode Array from Manufacturer D 
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a. Schematic 
b. 1/4" X 1/8" Flatpack 

Figure 2. Ladder Sw itch and Driver from Manufacturer B 

b. 1/4" X .y«" Flatpack 
figure 3. Memory Hybrid Switch from Manufacturer B 
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Figure 4. Memory Hybrid Switch from Manufacturer A 

b. l/4" X 3/8" Fiatpack 

Figure 5. Dual Analog Gate from Manufacturer E 
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All of the hybrid microcircuit test results covered in this section apply to hermeti¬ 
cally sealed tlatpackages. The internal interconnects between active devices consist 
of flying wire leads made of either 0. 7-mil or 1.0-mil gold wire, with a thermocom¬ 
pression gold ball bond on ore end and a wedge bond on the other. The transistor, 
diode, and resistor chips had thin-film aluminum metalization, while the substrates 
used thick-film, gold interconnects. Chips were alloyed down to the substrate, and 
the packages were hermetically sealed with a gold plated kovar lid, soldered to a gold 
plated seal ring. The lead frames were gold plated kovar. 

Manufacturers A and E used a ceramic substrate, which was alloyed to the pack¬ 
age bottom. Manufacturers B and D used a package whose bottom served also as the 
substrate. * 

3. 2 SUPPLIER PRESHIPMENT REQUIREMENTS 

All of the data presented was obtained during receiving-inspection, extended 
pci foi manee testing! a Delco Electronics in-house program of sample environmental 
testing vv hich is discussed later), and failure analysis of parts procured from hybrid 
microcircuit suppliers to Delco Electronics high reliability specüications. The parts 
were purchased from approved suppliers on a competitive bid basis. The hybrid spec¬ 
ifications accompanying each purchase were embodied in Specification Control Drawings 
(SCD's) which gave flatpackage dimensions and allowable tolerances, the circuit sche¬ 
matic with nominal component values, a table of absolute maximum ratings for current 
and voltages to all pins, and a table of detailed test conditions. 

1 he detailed test conditions specified the voltage, current or resistance, and 
associated tolerances, to be applied to each pin, and the allowable limits on the meas¬ 
ured parameter for each temperature. An inspection level was specified for each 
electrical parameter; that is, either 100 percent inspection, or sample inspection, to 
test to as a minimum, at both +25°C anL the temperature extremes (-55°C, +125°C). 
'1 he sample inspection was given as an LTPD**, which required a minimum size of 
sample to be tested to assure, with a 90 percent confidence, that a lot having percent- 
age defective equal to the specified LTPD w ill not be acceptable. 

1he inspection levels specified were 100 percent for all dc parameters at +25°C, 
plus 100 percent for all critical ac values and switching times and for critical param¬ 
eters at the temperature extremes. All other electrical tests were usually specified 
to be tested to an LTPD of 10, maximum acceptance number of 3. Also specified in 
the SCD was the maximum allowable thermal resistance of the flatpackage, both for 
junction-to-case and junction-to-ambient conditions. 

♦Codes used to designate manufacturers are carred through consistently in this 
report to enable a meaningful comparison of results presented in each section. 
♦♦Lot Tolerance Percent Defective-Reference MIL-STD-883, Method T5005, Table in. 
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The prescribed tests and test levels were determined by a Parts Engineer idler 
he became familiar with each hybrid microcircuit application. He then specified the 
electrical parameters in such a manner that they could be programmed on an auto¬ 
matic integrated circuit tester. (See Appendix IA, for a copy of a typical SCI). ) 

For all hybrid circuits, the SCO referenced a General Specification which required 
the supplier to do additional 100 percent preconditioning of all hybrids. This precon¬ 
ditioning is shown in Figure 6, which depicts a supplier's order of procedure. This 100 
percent screening is equivalent to the Class B screening of Method 5004, MIL-SI 1)-883. 
The 100 percent preconditioning begins with a precap internal-visual inspection of each 
hybrid. The specific conditions were negotiable depending on the hybrid circuit and the 
supplier's manufacturing methods. (The precap visual specified was similar to the 
internal visual Method 2010, MIL-STD-883, Test Methods and Procedures for Mi >- 
electronics.) The next 100 percent preconditioning requirement was high temperad re 
stabilization, either by storing at + 150°C minimum for at least 24 hours, or at +200°C 
for at least 16 hours. After high temperature stabilization, the devices were subjected 
to temperature cycling for a minimum of 10 cycles from -65 to +150oC peí MIL-STD- 
883, Method 1010, Condition C. 

After temperature cycling, the parts were required to be centrifuged at 20,000 g 
minimum for 1 minute in the Yi axis to tear loose faulty internal wire bonds, semicon¬ 
ductor and resistor chips, and substrates. In some cases, it was also required to 
accelerate parts in an axis perpendicular to Yt ( X axis) to detect lifted chips which 
have marginal electrical continuity. Imposition of this requirement depended on the 
particular design involved, as well as past experience. 

On completion of preconditioning, the packaged hybrids were hermetic seal tested. 
Fine leak was specified per MIL-STD-883, Method 1014, Test Condition A or B, with 
a leak rate limit of 1 x 10-8 atm-cc/s. Gross leak, formerly performed per MIL-STD- 
202, Method 112, Test Condition A or B (involving part immersion in a hot fluid and 
check for air bubbles), is now specified per MIL-STD-883, Method 1014, Test Condi¬ 
tion C, Step 2, specifying fluorocarbon vacuum/pressure backfill and fluorocarbon 
bubble testing. The superseded MIL-STD-202 methods were found to be inadequate in 
detecting all gross seal failures. The MIL-STD-883 methods proved to be much more 
effective. When questionable results were obtained, they were verified by a weight/ 
backfill/weight increase test. 

After seal testing, the parts were tested electrically to eliminate failures induced 
by the earlier environmental screens. Then they were subjected to an operating burn- 
in at +125°C for 168 hours. Operating conditions specified on the SCD were eitner for 
circuit operation at maximum allowable power dissipation with an alternating current- 
or pulsed-input, or for steady-state operation wherein the majority of semiconductor 

11 



12 

F
ig

u
re

 6
. 

S
u

p
p

li
er
 P

ro
c
e
ss

in
g
 P

ro
c
e
d

u
re

, 
P

ri
o
r 

to
 S

h
ip

m
en

t 



junctions were reversed biased without current limiting. Caution was to be exer¬ 
cised under conditions of no current limiting to avoid voltage transients capable of 
driving devices into reverse breakdown, or latching up circuits and inadvertently 
destroying good units. 

After the operating burn-in, the supplier was required to perform the lot) percent 
electrical tests specified on the SCD, and then the sampling inspection. The Gem i al 
Specification also required all the parts to be capable of meeting the Group B require¬ 
ments of Table II. (See Appendix IC for a copy of the General Specification. ) 

2. 3. 3 EVALUATION OF DELIVERED UNITS 

Upon receipt of supplier shipments at Delco Electronics, each unit involved in the 

study entered the in-plant test cycle depicted in Figure 7. Initial tests were per! ned 
in receiving-inspection; these results are summarized in Table HI. Hybrid micr- 
circuits that passed Receiving and Inspection were then exposed to Extended Perform¬ 
ance Testing ( EPT) in the laboratory by personnel trained and experienced in the 
processing, manufacture, test, and evaluation of semiconductor devices. Table IV 
summarizes the EPT sampling basis and the overall results obtained. As shown in 
Figure 7, the EPT portion involved two distinct phases: 

1. Environmental cycling of samples, interrupted by electrical and leak tests 
and terminated by a final electrical test. Results are shown in Table V 

2. Internal visual inspection for poor workmanship, presence of foreign 
particles, critical process changes, and bond pull tests. Results are 
shown in Table VI. (See Appendix II for the same test results, organ¬ 
ized by the circuit type and manufacturer.) 

Units found to be acceptable by EPT were then released to stock for use in nroduc- 

ZwTmieVlfdtscT111“ teSÜne 0t sealed occasional faulty hybrids. Table VII describes hybrid microcircuit failures that have undergone the 
processing, testing, and screening of Figures 6 and 7, but later failed during assem- 
bly or in the field. The 74 units discussed constitute all of the failures which were 
subjected to detailed Failure Analysis. niCh were 

2. 3. 4 CONCLUSIONS ON PRODUCTION TEST RESULTS 

nnnt Silure rate of hybrid microcircuits subjected to this 
controlled processing and testing through November 1969 was 0. 465 failures per 

t^ H74 f0BS- ThlS failnre rate’ WhiCh has a 90 percent confidence interval of 0 218 
to 0. 874 failures per million hours, pertains to hybrid microcircuits used on aircraft 

dine a0n?.n of°the othf6 l° mechanical shock. ''"’ration, temperature cy- ' 

Ure-confrolledVabin o^th^vehide entS 0Í ^ a- 
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'lubie V. EPT Postelectrical and Hermetic Seal Test Failures 
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Table VI. Units Visually Rejected After Passing 
EPT Postelectrical and Seal Tests 
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Table VII. Summary of Subsequent Assembly and Field 
Failures Attributed to Hybrid Microcircuits 
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It may be concluded, from the data in this section, that there is fallout during 
receiving-inspection and sample environmental testing, even with 100 percent 
screening requirements imposed on the suppliers. It also may be concluded that if 
this inspection and testing are properly utilized to assure that initial designs are 
sound, manufacturing and processing are properly controlled, and finished parts are 
adequately screened and tested, hybrid microcircuits can provide reliable, densely 
packed circuitry. To control this desired sequence requires a complete set of speci¬ 
fications, from initial procurement to final high-level testing, with rigid quality moni¬ 
toring to assure full compliance. 

One problem area which proved to be not easily amenable to user controls was 
the quality of internal wire bonds of the flatpackages. Manufacturers must clearly 
place more emphasis on obtaining consistently reliable wire bonding. This problem 
might be avoided by employing beam-leaded chips, or some other chip mounting 
technique which does not involve the fine interconnect wires and associated bonds. 

Since this study established that the screening requirements, which are equiva¬ 
lent to the Class B screening of Method 5004 of MIL-STD-883, imposed on the sup¬ 
pliers were not 100 percent effective in eliminating all faulty hybrids, a better screen¬ 
ing system was required. In an attempt to establish such a system, the stepped stress 
testing discussed in the next section was subsequently performed. 

* 

2. 4 STEPPED STRESS TESTING PROGRAM 

2. 4. 1 BACKGROUND 

The test environments imposed during the supplier's processing procedure were 
found to be inadequate for their intended purpose; therefore, a program of stepped 
stress testing was undertaken to determine those test levels which, when imposed, 
would identify and prevent shipment of defective hybrid microcircuits. The hybrid 
microcircuits used for this stepped stress testing program were production pro¬ 
gram units. The overall results of this testing are shown in Figures 8, 9, and 10, 
for the hybrids from Manufacturers A, B, and F, respectively. 

2. 4. 2 DESCRIPTION OF HYBRIDS SELECTED 

The hybrid microcircuits selected for the stepped stress testing were of three 
different package sizes and from three different suppliers, each of whom employed 
different manufacturing techniques. 

Results of stepped stress testing of a Memory Hybrid Switch from Manufacturer A 
are charted in Figure 8. A photomicrograph of the part is shown in Figure 4, and a 
schematic diagram in Figure 3. a. Transistors Qs and Q4 of this circuit switch 450 
milliampères, with a maximum saturation voltage of 500 millivolts. The inputs are 
driven by TTL logic levels. The flatpackage is 1/4" x 3/8" and has a gold plated 
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kovar bottom and top. The side walls are of glass, and the package is hermetically 

The chips arc aÜôfeddt0P T° “ *°ld ^ ^ " trm° a belt ^"ace chips aie alloyed down to a ceramic substrate which has thick-film gold conduc- 

to L01! Id 7, “h C tl''ck-fi1;’1 Sold “n lh<! ho«»™- The ceramic substrate is alloyed 
to the gold plated kovar package bottom. The tour resistors are thick-film cermet 
1 he « ire interconnects are made with a combination of 0. 7- and ]. o-mil gold flying 
"T6!'“.111’ “■«toocompression ball bonds on one end and wedge bonds on the ofhem 

plated kovar UC °r C ',P melalllzatl0n ls thin-film aluminum, and the lead frame is gold 

in KlMrêt SW“Ch and Drlver from “anaiaeturer B are shown 
igurc ). Figure . shows a photo and schematic of the actual hybrid. The Ladder 

Switch and Driver is driven by TTL logic levels at pin 7, and the omput at pin 3 
switches between ground and a reference voltage at pin 2. Transistors Ql and Q, 
operate in the inverse mode, with a 2-millivolt maximum allowable offset without a 
load, and 4. 2 millivolts (or 30 ohms maximum "on" resistance) with a 20kft load 
Manufacturer B uses a 1/8" x l/4" flatpackage with a ceramic bottom, which also 
selves as the substrate, and a gold plated kovar top. The package side walls are of 
glass, and the unit is hermetically sealed by soldering the top to a gold plated kovar 
window frame in a belt furnace. The chips are alloyed down to the thick-film gold on 
the substrate The five resistors are thin-film nichrome deposited on silicon dioxide 
on a single silicon chip. Ihe interconnects are made with 1. 0-mil gold flying wires 
using thermocompression ball bonds on one end and wedge bonds on the other The 
chip metallization is thin-film aluminum, and the lead frame is gold plated kovar. 

Test results on a Triple Operational Amplifier from Manufacturer F are shown 
m Figure 10. Figure 11 shows a schematic diagram and a photomicrograph of the 
circuit The 1" x 1" flatpackage is made of ceramic and is sealed by epoxying its 
cover to a gold plated sealing ring. The substrate is glazed ceramic with thin-film 

and K1UTUm COnductors deposited on top of it. The substrate is 
epoxj bonded to the package bottom. The circuit uses 6 MOS chip capacitors which 
are epoxyed down to the glazed ceramic. The 9 transistor chips are alloyed to gold 
plated kovar tabs, which in turn are epoxy bonded to thin-film aluminum pads on the 
substrate. The wire interconnect is a combination of ultrasonically bonded 2 5-mil 
aluminum wire and thermocompression-bonded 0. 7-mil gold wire, with ball bonds 
on one end and wedge bonds on the other. The transistor chip metallization is thin- 
film aluminum, and the lead frame is gold plated. 

2. 4. 3 SUPPLIER PRESHIPMENT REQUIREMENTS 

Each hybrid for this test program was procured with the requirement that it be 100 
percent screened before shipment to Delco Electronics. For example, ihe Memory 
Hybrid Switch from Manufacturer A and the Ladder Switch and Driver from Manu- 
ac urer B were procured with the screening requirements described in Figure 6. 
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ifactuC A ^ book., Man- 

pononca. and their hybrids received no at n ‘, P. “ ^ yearS of «- 
Ihe testing sequences described in Figures 8 and 9 C° tlectronlcs P"'«' to entering 

M anP^Pturer" F^a^suppUer^wifh whonf Deleo Ele procure^ off-the-shelf from 

Hr h bHOdWeVer' theComPanJ' h« «ade many hybrid°S •»«'«’u» «Xpert- 
lat hybrid contains three, identical an ^ i Í thin-nlm circuits. This particu- 
nal feedback networks for gain control T^0™1 ^P^ers that use exter- 

« to 40 dB. and for Pr0Vidi^ stab“-ed gain 
plus and minus 12-volt power supplies The mu 1 terS‘ The Unit °Perates with 
following ,09 percent screens on^h of lese hybrid T lhat he ‘h* 

01 tnese hybrid microcircuit iplifiers- 
• Operating burnin: 48 hours at 85°C. 

• Temperature cycling: l5 cycles, -55T to +95°C, 

• Acceleration testing: Up to 20, 000 g, 

• Hermetic seal testings; fine leak at i v m-» of«, / . 
leak bubble test, m CC^S (max)» mid a gross 

• Electrical testing. 

2*4l 4 evaluation of delivered hybrids 

2- 4- 4- 1 Initial Testinpr 

w ere electrical^ested'at+25T "is'c ami +125-0° blfubiected t0 stePP«<l stresses 
Ladder Switch and Driver were'elltrl'caMeltl "^td Switch and 
scribed in the SCD (listed in Appendix I, The Tri„TCn * W“h parameterB de- 
>"Put impedance, output impedance power su on h, d , 0pera,ional Amplifier had its 
25 kHz. ,oo kHz and 200 kHz, and n,L voltage ^ral"eterrsrentS, 6 

vuudge parameters measured on each unit. 

In addition to the above functional parameters each d -f 
urements on all available resistors and tra™^ T» l Special meas- 
tested to help pinpoint where failures occurred in th Clrcuit was also continuity 
analysis. Electrical parameters test data wereTo^ed at ‘'h10,6^® later faiIure 
1 he testing was performed on an automatic intefrrJ*/ 1 e&Ch electrical test point, 
ac, and switching time capability at temperaturS of -55°^ having dc- 
electrical testing, the parts underwent hermetic seal t <? t0 +15° C* After initial 
were divided into subgroups preparatory to the vartous^e^ed^a^tT 
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The results of the initial testing are shown at the very top of Figures 8, 9, 
and 10. Each manufacturer's hybrids experienced some fallout during this phase. 
The initial tests were specifically performed to assure that the parts met all electri¬ 
cal specifications prior to initiating stress testing. 

2. 4. 4. 2 Temperature Cycling Evaluation 

Units in the temperature cycling and thermal shock subgroups received a 20.000 g 
acceleration in the Yj axis, and another hermetic seal test prior to entering the stepped 
stress tests. These particular tests were performed to assure that the initial parts 
entering test were properly screened. As shown on the right side of Figures 8, 9, 
and 10, each manufacturer's product had fallout due to faulty wire bonds, poor chip 
bonds, weak packaging, or loose gold particles. 

2. 4. 4. 2. 1 Temperature Cycling With Increasing Number of Cycles 

Figure 12 shows test results for all three manufacturers' units when temperature is 
cycled with an increasing number of cycles. Each stress series was begun at 10 tem¬ 
perature cycles, from 15 minutes in low temperature air to 15 minutes in high tem¬ 
perature air, with a transfer time of less than one minute. The hybrids from Manu¬ 
facturers A and B were cycled from -65°C to +150°C, and that of Manufacturer F from 
-55°C to +125°C. After each series of temperature cycles, additional tests were per¬ 
formed to determine if the parts had degraded, or failed catastrophically. After the 
initial 10 cycles, the parts from Manufacturers A and B were acceleration tested at 
20,000 g in the Yj axis to destroy degraded substrate and chip and wire bonds. 

After acceleration, fine and gross hermetic seal tests were performed to deter¬ 
mine if the hermetic seal had been destroyed by the temperature cycling. Next, an 
electrical test was performed to detect destroyed units. The hybrids from Manufac¬ 
turers A and B survived 1,185 temperature cycles with no failures due to temperature 
cycles, acceleration tests (6), hermetic seal tests (6), or electrical tests (10). There 
were 12 samples from Manufacturer A, and 11 samples from Manufacturer B. 

The hybrids from Manufacturer F were accelerated at 5,000 g in the Yj axis 
instead of 20,000 g, the level that appeared to damage the 1" x 1" flatpackage seal. 
Four of Manufacturer F's packages lost their hermeticity during 1,206 temperature 
cycles. No electrical failures occurred. A failure is defined as a hybrid micro- 
circuit that exceeds any of the electrical parameter limits, or fails hermetic seal 
testing. 

2. 4. 4. 2. 2 Temperature Cycling with Increasing Number of Cycles and Increasing 
Spread of Temperature Extremes 

Figure 13 shows the test results for temperature cycling with an increasing 
spread of temperature extremes. The testing sequence is similar to that in Figure 12. 
Manufacturer A's parts had five failures after 285 temperature cycles, beginning at 
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Figure 12. Temperature Cycling with Increasing Number of Cycles 

30 



a/NM - 71, 74, 7» ï 11 aunplM 
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ÇAccal: 10 kg, y, Aala^ 4 

Saal: Fina ê Groaa') £ 

(ïlactrlcal ^ A 

r—, 
110 Cyclaa: -«B to ♦«»•CI A 

7= i ' 
^Accal: 10 k«, Y, Aita' A 

7=x=r A 
CSaatFtaa A tiroaa ^ 

-1 , 4 
( EtactrlcaQ A 

|l> Cyclaa: -45 to ^100^ | A 

T Elactrlcal^A 

^Accal: 10 kg, Y, Aaia^ A 

C sa» F toa fc Qroaa J 

Ctlac^rtcaQA 

I 50 Cyclaa: -45 to »Wc] A 

C Ela<4rtc*0 A 

(Acc«l:10t,, Y, *.1«')^ 

(Mil *lm > On«» 1 

(itodric») ' 

pa/N U Low An fell L 
I *a/N 70 % Urp Diodo 

laafcaia Carrant 

(»cool H k,, », Ao lo ) A 

I 
(oooi riiio 0 Grooo ) A 

(tlocÛlcôT^ 

I lOOCoclooi-OB lo *100'C I A 

I “ 
Çt tactrtcal J 

•S/N U Loca* 
Au Ball Scad 

I**/* «4 Faulty Ball Bead to Q4 
•i/N 6« MPN Traaatator Clupa 
aot Alloyad Own Proparly 

C Ac cal: 10 kg, Yt Aim") 4 

(■Ml: Fina * Groaa') 4 

I 4 
ÇtlactHcal^A 

S/N 25 - 36 

Temp Cycling \ 
MIL-STD-883, Method 1010; ' 

V ■ Cyclea L Temp j 
Ext ramea / 

.. » 
I 10 Cyclea: -65 to +150^ | A 

C Accel: 20 Itg, Yt AxtP) A 

C Seal: Fine fc Groaa^ 

( Electrical^ A 
-ï 7 

flO Cyclea: -65 to »200»C | A 

( Accel: 20 Y[ AxlP) A 

( Saal: Fina L Gr<»ê) J 

( Electrical^ A 

fl» Cyclea: -65 to ♦lOO^C I A 

--1 

( Electrical^ A 

( Accel: 20 kg, Yi AjuT^ A 

( Seal: Fine L Groaa) 

( ElectrlcaOA 

I——.i 
I 50 Cyclea: -«5 to ♦aoo'C I A 

— ( Electrical j A 
- / 

( Accel: 20 kg, Y! AxîT^ A 

(Seal: Fine fc Groeâ^ ^ 

( Elecü-icaO A 

fioo Cyclea: |gS to +200^: | A 

(ElactrlcapA 

( Accel: 20 kg, Yt AxïT*) A 

(»aal: Fia« è Groaa') ^ 

( ElectrlcaOA 

_ 
100 CyclMT^-es to ♦ 200*01 A 

( Accel: 20 kg, Y, Axla^A 

( Seal: Fliw ê Groaal f 

( ElactrlcapA 

I Identifies Teat (Mechanical, Environmental, or 
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Figure 13. Temperature Cycling with Increasing Number of Cycles and 
Increasing Spread of Temperature Extremes 
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-<>.) C to +150°c and increasing to -65°C to +200°C One of thn fail 

a=fan™ rj:vwo r¿d,bv 
the -s a«* i: ::æ :zz£z : bond (s/n ^ - 

J he gold ball bond in S/N 64 was intact when tn * 
analysis, but the suspect bond lifted ™ov f 1, part was dccaPPed for failure 

than 0. 1 gram force. AnoTer bill blL o“ 0Í tranS‘Stor wi"> 

bat this weak bond did not show up as an elertricaHatkre'1'6'1 ^ °' ’ ïran1’ 

■I his transistor to the «»¡«er of (¾. 

t igure 14, a photomicrograph of the chin show* h ^ CJecked and considered intact, 

the ball bond was located is shown by a black circle ^ 1 6 ^ Came °ff' Where 

Serial Number 66 had an initial V * , 
which, after undergoing 285 temperatiSe (e^« miIliamperes, of 0. 401 volts 
the failure analysis aU wire bo^ to 607 volts. During 

and the bonds remaining intact. Each transid CS ’ Witk tke wires breaking 

The NPN chips popped off with'little applied for^ wh^rthe^tlT^f WÍth & ^ WÍre' 
remained firmly attached. PP ’ h th other chlPs resisted and 
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Serial Number 70 had a diode leakage current fa.. tk 
was 16 aanoamperes; and as the tost m- ' H lnitia^ leakage current 
During failure analysis takagt cur eut wl 1" ' ' ^ “» '» '« »A. 
shorted, with a reverse eurren'of ó 1 a, n v‘"•,7^“^? T """ ,ht' "i"dl- 
short, appeared to be related „ L . ^ leakaBe’ and finallt the 

bond, into the aluminum metalHzatta 0*0 Ïe0di0odediif“S‘0n °f f'™ lhd «'dd 1 ^ 

;• rö- ,,, 
transistor chips which were epoxy bonded to’tlfe th",|>SL‘ninK ,,f ‘"0 oí ll'e tovar tabbed 
two other failures due to the eZZ bond! ' "m alumin“m- There were also 

Number 7 also had a loose gold bifbond.8"'"8 loOSe,,i“B transistors. Serial 

Man^uferA^dl^fault>' "" 'ros from 
giving way and due to epoxy chip bonds failing fX Lter^me“0 !h 

cycling.tMS “lUrer WaS ad-d-d aaa^ *0 withsCi^r^ure 

2-4-4-3 Thermal Shock 

9, and 10), one group^rwWch the^umber^f ^ ° tGSt (FiSures «. 
the other for which the number of thermal «h ‘ eimf shocks was the variable, and 
extremes, was the variable The It m °,C,S’ p 'js the sPread of temperature 

the 0-C, ;C-78 for^riem^relf8.^^ ^ ^ ^ 
the -195°C. For high temoerat.i^ n« -a u a°d ~65 C’ and ll(lu,d nitrogen for 
FC-40 for the +I250C and +150°C and hi ^ ^ ^ USed f°r the +l00°C’ 
+200°C. C’ d h gh temPeratare silicone oil was used for the 

2. 4. 4. 3. 1 
Thermal Shock with Number of Cycles as the Variable 

as th'SieXitd8: ct[r„::SufrAw“nB^r °verra,u- 

facturer F failed during 95 Lies 7,7 , , a“ <hree hyb, ids hom 
failure mechaniam wTslssThermeSe seal f°7 Z Z 10 + W0'C- Thc 
during failure analysis. During the failure a’ i Sh°WS ^°1°8 of S/N 1 takea 
be somewhat soft, as though the water used ¡he epoxy final seal was found to 
thereby contribuid «o theTsa „f htmeTctt Z t°V*« ^ aS a and 
in the epoxy used for the final sJaf Fl^ffeb c*“ and'°"B 5lra"ds 
entering the package and causing electrical failure ’ d h°tt the results of ‘he water 
w,e (normally u.trasouically alUmlnUm 

33 



CODI KEY 

tN 1» • 41, *4. 
W. 47.4# XUH»pi« 

/* rtern.. 8¿úc#' N 
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r 
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( Acc«l I» li<. Y| Ajim } A 

( t—i r»^t qw) J 

CuJ^Qâ 

[ IXuTycl—"j A 

(iMcUlol JA 

Çlkcx*\ •»»>« Y| ^*s)A 

Çsmi n«7a üw)^ 

Mfg. A 

t \¿ StmpU'« 

^Thermal Stock MIL STD-»«3 
Met Sud lüll. Cond C. 

65*C to * 150T: 
i. V * Cycles 

10 Cycles |A 

-^. ^ 

f Accel ¿Ukg, Y, Asista 
-T- 
r-1-^ 
C Seal Fine 4 lirons JA - 

( lleclncsl^ A 
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( Ac ce l ¿0 kgT'ïi Asts") A 
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'"7 T 
C Electrical^ A 

.1 
I liõek» I A 

( I kcfru il )â 
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_1 

X 
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XX-, 

■ xnr^ , 
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Ç Electrical) A 

v ï 
f Accel ¿0 kg, Y| A*is ^ A 
-- 

rirai Fine 4 Groas') 4 
—. y 

( EUrir ml ) A 

T~~. 
I 130 C»c i*» |A 

Ç A 

Ç^c.l «y Y.~^r)n 

C Seal Fuw 4 Gross') J 

( Electric al ) A 

Mfg. B 

Identifies Test (Mechanical, Environmental, i 
Electrical) Heln| Studied 

(Electrical^) Electrical Teste at 25’ C to Detect Failures Caused 
by Previous Test 

( ) Envlronmenul or Mechanical Test Per M1L-STD-M3 
to Locate or Induce Failures in Degraded Teat 
Samples 

v Indicates the Parameter (Variable) Being Ctonged 
as the Test Proceeds 

A Indlcstes that this Specific Test is Completed 
with No New Failures 

* Indicates Failure Occurrence at this Test 

Pulled ofl with No Force. 

No Corroe Ion Viaibk 

Mfg. F 

Figure 15. Thermal Shock Evaluation with Number of Cycles as the Variable 
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Lu. ™u.;’ jrriru “h Numb,,r ^cyc,cs p,us ^ ^ •>» 

H l'ÏÏZ," ShmS thC reSU'tS therraal shocklnS the hybrids from Manufacturers A, 
e ’"‘ï '"r“10« ™mbers u[ «K*» tutd with wider spreads for the temperature 

■ mes. Manufacturer A’s product had no hermetic seal failures, or acceleration 

o t T.„„ ctylM'S 1 rrma‘ Sh“Ck beB"’nlng al -65"C ,0 +,5rC Md Proceeding 
.h„ ' h , a ! a Cturer A's h'bnds dld have 10 electrical failures out of 

hj bi ids tested. All ten failures were due to the PNP transistors Irnn increas 

the r ree°:d ‘h6,CirCUit ,eakaBl' “ “““• « also noted^haf5 the beta of the P.\P transistors decreased. Both of these parameters were unstable 
<h,n„B the -195“C to moX shocks and hence were unpredictable , he parts ^^l 
as though they had channels due to an inversion layer. Because of these characteris- 
II s, he suspect parts were placed on a reverse bias (collector-base) burn-in after 

completion of the thermal shock series. All the suspect devices subsequently chan- 
neled and destroyed themselves in this test.* ^ 

Sh^anuírurer B;SrdUCt had 7 ía¡lules ÜUt 0t 12 durin* lhe 335 of thermal 
subsüalé APrch7 [a,"“re.m0de WaS an open S»1« ball bond (pin 10) to the thick-film 

fi m 7ld wat hat ,h eb7 b “h““1' t0 thC W're ba" bond (Wlures-to-thick- gold was that the ball bond in question was made in the area adjacent to where a 
r ans is tor ch.p was eutectically bonded. The failed ball bonds all were in the area 
hei e the chip had been scrubbed down, whereas the ball bonds made away from the 

“d a-V:rined T01- 1 hiS fai,Ure "lecha"‘sm X* »Uo been „old in field 
I , ' t by e manufacturer* and the Problem has since been solved by bondine 
aw aj from the scrubbed dow n areas. ^ 

Manufacturer Fs product had three failures out of three samples tested lhe 

P63T 9h fthermn ShOCl\ CyCleS beginning at 0° to +100°C and ending up at 
Serial N “h e ^ a11 samPles failed. All three units failed hermetic seal testing 
h al Number 5 also had five loosened (epoxy-bonded) transistor chips. 

t rom the thermal shock testing, it was concluded that the -65°C to +150°C thermal 

n0t !íe UnitS fr0m Manufacturers A and B, and even the -195’C to 
mdI Sb^k does not ltself de*ir°y reliable hybrids (although the -1950C to 

ufacturer F-Th'h H hybrids to faiI)- li also concluded that Man- 
Th h"? Wer! U t0 Withstand thermal shock, even if limited to 0°C 

thin manufacturer C ^ ^ and ^ CWp bondS uscd b* 

In a later section. Paragraph 2. 4. 4. 8. 2, it is noted that a group of Manufacturer A-s 
pans were placed on reverse bias life and that 6 of the 10 also failed dueTo channeHng 

±;;c':r eaplantion for th‘s (allure mechanism occurring during -1S5*C to 

this contract’ an inve8ti*a,lon »as considered beyond the scope of 
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for high leakafe at Qi 

(Electrical') í:l*c,rlc“1 Tania at 25*t u> Detact Eailun 
—■■■■■■.by Previous Teat 

EnblrunmentaJ or Meohanlcal leal 1er MIL STD-m 
to Locateur Induce ('allures in Degraded Teat 
Samples 

Indicate# the Parameter (Variable) Being charged 
aa the Teat Proceeds 

Indicates that this .Specific Teat is Completed 
*lth No Neu Failures 

Indicates Failure Occurrence at thia Teat 

l»)tr 

3 3 Sam plea 

Thermal !Am* 
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l V - Cycle» A Tamp ) 
F at ramas S 

Chip» Loose Itposy 
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Film At) 
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(Sssl F at lu mi 

Mfg. A 

Figure 17. 
Mfg- B Mfg. F 

Thermal Shock with Number of Cycles and Spread of 
Temperature Extremes as Variables 
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-. 4. 4. 4 
\_ibration and Temperature Cvplin^r 

I20 t,> - "«O Hz) vibkulMbM%oTJdt'loO»erekfirS,J,Ub,eCted lü vaI'lal>le frequency 
‘"en subjected t„ u tempecature c chí" tes, \T,' ** ““ SUrV,Vin* «»■>*'« were * 
did not conform exactly to Method 1010 of MIL dlL" t‘ CycllnK Procedure used 

formed In a single chamber, and the time dura fol f , ^ ^ CyC“ng was 
the low (-Õ5-C) to the high (+125T) was ,,i,,, , “ lemPCrature stabilization from 
>» minutes (using CO,,. rLs'e ll dCavs 1 “‘"“‘f ’ and fr»m "igh to low about 
cause they simulated a possible aircraft P . .16 considered desirable for this test be- 

"off" state at a low temperature; and then turned^^ca SyStem U,OUld be iri the 
rise to the high temperature due to the power dissipation*1? tV t0 slowl>' 
While this is posed as an extreme ease it did simH t th>f he °Vera11 aircraft system, 
use. Case’ 11 dld simulate the conditions possible in real 

an external t^ Manufactu^r A had 
related to the holding fixt^ ^ Although this failure is 

weaker than normal external leads on tteZcl ** A'S hybrid does have 
failures due to the vibration at 50 7o and inn^68’ Manufacturer B's unit had no 

AH three of the parts from Mander F Z!/: 'T * ** X* Y> a°d ^ axis, 
parts failed due to loose gold ball bonds and the th- ^ Vlbratlon testiag. Two 
off. Serial Number 58 also had a broken eJri ^ ^ t0 an external lead coming 
down at the wedge. ^ g°ld Wlre WedKe boad where the wire necks 

lhe bond failures on Manufactura»' pie i,. u ^ 

levels only because of the very poor wire bonds™ Hi^ ^ ^ g vibration 

sidered an effective screen for hybrid circuits whLÍcar! norman^Ï'1 ^ COtl“ 
(or more) acceleration. Introduction of var.ah’m f " normally withstand 20, 000 g 
possibly provide a screen for large hybrids that a ^1161^ and ratldom vibration could 

testing, bu, this would be expeusife ÏÏ^nriat"“; meVrc.iir"^ 

from Manufacturer A and 1 o'samplcVfrolaîU‘e cyclin* performed on 9 samples 
temperature cycles, two fm,¿e” iccurred »■ After a total of 2,023 

for Manufacturer B. One of the failures (8/^11)“"^^^ f* hybrldS and "° iallures 
to a loose gold wire wedge bond to the eold thiol, fi nufacturer A’s hybrids was due 

ticular device had a VCE(sat) of o. 470 volts ,at 450 ThÍS ^ 
perature cycling test, which increased to n . , h beglaning of the tern- 
wedge bond during temperature cvclimr rl 9 7 dU6 t0 ,he oí the 

VCE(sa,l (at 450 L, 0^. ^hij had inl“al 
mal cycles. The cause of this significant incrc d ^ 9 V° tS 2- 023 ther- 
apparent. All chip and wire bon/a ihil ”S 
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^-4.4.5 Acceleration 

Constant acceleration testing was used to determine the effect of centrifugal force 

h e i\n microcircuits- 11 vvas used as ^ high stress test to determine the me¬ 
chanical limits of the package, internal lead system, die and substrate attachment 
and other elements of the microelectronic devices. By establishing proper stress ’ 
evels it may be employed as an in-line screen to detect and eliminate devices having 

lower than nominal mechanical strengths in any of the structural elements. ^ 

2. 4. 4. 5. 1 Acceleration in the Yj Axis 

Figure ïrVhe y" teStÍng “SÍng a"celeration in the Y, axis as the variable is shown in 
S re 19. The \ , axis is defined as the axis along which centrifugal force will move 

substrates, chips, and wire bonds away from their bonding surface Units from all 

acteurrBUfhaCdtUref S ,faÍled ^ aCCeleration testinS in this axis; but, Manu- 
actuier B had no failures prior to the 125, 000 g level, and then only one legitimate 
ailure up through 150, 000 g. Manufacturer A already had a failure at the 20 000 g 

level, that was due to a very poor PNP transistor chip bond. The chip was imoroLlv 
- ciubbed into the gold pad on the substrate. With the pad very rough the chip made 
contact at only three high points on the gold pad, and formed a marginal chip bond The 

or serSeT9 8 ^ ManUfaCtUrer A made U throueh 46- 000 g ^ «o electrical 

The fixturing used for acceleration below 75, 000 g consisted of bowl rotors having 
at siufaces machined on the inside wall of the bowl. Each of the flat surfaces had 

hard magnetic rubber material cemented in place. The flatpackages were centrifuged 
by placing them against the magnetic rubber, with plastic shim material placed uncL 

ic leads to support the Oat leads in the same plane they were in as they emerge from 
the packages Above 4 6,000 g, each of the parts was potted in Carbowax* Polyethylene 
Glycol a water soluble, low melting point, wax-like material. Air voids in the potting 
material were kept to a minimum, while the potting was hardening, by slowly cooling 
the holding jigs, hybrids, and potting material in a vacuum. Even with these pre- 
cautions, the potting material had a tendency to "give" at very high g levels and crush 
the flatpackages. Because of the marginal fixturing, the fine and gross seal test 

ai Urhewat a^ove 46’000 ë <in Figure 19) must be considered invalid because of the 
possibility of seal destruction due to inadequate fixturing. 

Armed with the above restrictions for interpreting data above 46, 000 g the test 
results showed Manufacturer A to have only one legitimate failure above 46,’000 g and 
this failure (S/N 83) was due to a loose internal substrate after 125,000 g acceleration 

♦Registered trademark of Union Carbide Corporation 
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Figure 19. Acceleration Evaluation in the Yj Axis 
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in the Y, axLs. Serial Numbers sã and s!J failed due to the loss of hermeticity and 
subsequent entry of the potting material and rinse water into the flatpaekages. Only 
one of Manufacturer H's hybrids legitimately failed acceleration testing up through 
10(1,0()0 g. This was a gold ball bond failure (S/N 116) at 125,000 g acceleration. 
This bond had been made in the scrubbed area where a transistor chip was bonded to 
the thick-film pad on the substrate. (This same failure mechanism was reported in 
Paragraph 2. 4. 4. 2. 2, as a result of thermal shock. ) 

Three of the four hybrids from Manufacturer F failed prior to the 46, h )0 g level 
acceleration. Serial Number 2() had already failed the initial hermetic seal test when 
the parts were received from Manufacturer F (see Figure 11), and now it also failed 
acceleration testing because a gold ball bond lifted from the emitter of a PNP transis¬ 
tor. Serial Number 21 failed fine and gross seal, as well as having two loose gold 
ball bonds from transistor chips. Serial Number 22 failed gross seal testing. (Note 
that no new failures occurred on the two parts (S/N 1Í), 22) that were subjected to 
46,000 g. ) 

Acceleration screening in the Y, axis appears to be a highly effective means of 
eliminating defective substrate, chip, and gold wire bonds provided that the devices 
can be centrifuged at high g levels. Forty thousand g is the minimum level consid¬ 
ered to be effective for 0. 7- or 1-mil gold wire systems. Aluminum wire systems, on 
the other hand, require at least 100,000 g. Production fixturing using magnetic rub¬ 
ber is available to perform screening in the Y, axis up to 100,000 g, but Delco Elec¬ 
tronics has had no opportunity to evaluate these particular fixtures. Care must be 
taken at such high levels to assure that the holding fixtures themselves do not destroy 
or degrade the parts. Tooling has been fabricated at Delco to enable an evaluation of 
some manufacturers' monolithic integrated circuits in flatpaekages up to 200,000 g 
without harming them. Dimensionally, these units must be held to very tight tolerances 
on the overall package to be suitable for consistent acceleration at 20,000 g. However, 
hybrid microcircuit flatpaekages are not normally held to dimensions within a few 
thousandths of an inch. 

2. 4. 4. 5. 2 Acceleration in the X Axis 

The X axis is defined as the axis orthogonal with both the Y axis and the axis in 
which the external leads emerge from the flatpackage. Acceleration in the X axis pre¬ 
sents a shear stress on the substrate, chips, and wire bonds, and also dresses the 
internal wires in such a manner that they may short to one another, or to another 
conductive surface. All X axis acceleration was performed with the hybrids potted in 
Carbowax*. (Note in Figure 20 that at the higher g levels, the seals of the packages 
were destroyed due to the pressure of the potting material on the outside surfaces of 
the flatpaekages. ) 

* Registered trademark of Union Carbide Corp. 
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Manufacturer A's hybrids all survived 20,OUQ and 30,000 g acceleration, but at 
40,000 g, a wedge bond gave way in Serial Number 103. The wedge bond fractured at 
the point where the wire was indented (to a "wedge" shape) by the capillary of the 
bonding machine. Either too much pressure was applied in making the wedge, oi else 
the edge of the capillary was improperly shaped, creating a weak bond. After a 
75,000 g acceleration, S/N 99 had a wire shorting to the edge (collector) of a transistor 
chip. After 125,000 g, S/N 97 disclosed a loose ceramic substrate. 

Hybrids from Manufacturer B passed all tests through 75, 000 g in the X axis. After 
125,000 g, the Q, emitter and base leads shorted on S/N 95; and, after 150,000 g, 
S/N 97 and 99 showed the same leads shorted as those on S/N 95. All of Manufacturer 
F’s hybrids also survived electrical testing after acceleration, up through 30, 000 g in 
the X axis; but then they were all crushed at 40,000 g due to the action of the potting 
material used. The seal on S/N 25 was already destroyed at 5, 000 g, and S/N 23 and 
20 each lost hermeticity at 30,000 g. 

Results of the acceleration testing in the X axis clearly indicate that good substrate, 
chip, and wire bonds can withstand high g levels, but the fixturing used to hold the 
packages tends to destroy their hermeticity. Significantly high g levels are tolerated 
before internal leads begin to short and cause the hybrid to fail. 

2, 4. 4. 5. 3 Acceleration in the Y2 Axis 

Figure 21 describes acceleration of Manufacturers A and B’s flatpackages in the 
Y2 axis. Acceleration in the Y2 axis forces internal wires down against the chips and 
substrate, and ultimately causes short circuits at points where wires cross other 
conductors. The fixtures used were the same as those for the axis acceleration. 
There were no electrical failures up tc and including the 46, 000 g acceleration. A 
unit from Manufacturer B lost its hermetic seal during the 30,000 g acceleration. 
However, the seal data for 75,000 g and above are not considered valid for evaluation 
purposes for the reasons explained earlier in the Y\ axis discussion. Manufacturer 
A had 3 electrical failures. S/N 12 had a short after 75,000 g, and S/N's 18 and 21 
failed after the 125,000 g acceleration. Manufacturer B also had 3 failures. S/N 62 
showed a short after 75,000 g, S/N 70 after 125,000 g, and S/N 69 after 150,000 g. 

The Y2 axis acceleration was clearly shown to be useful only as an evaluation 
tool, and not as a 100 percent screen. Should a hybrid short at 20,000 g acceleration 
or less in the Yt axis, this would appear to indicate a poor circuitry layout within the 
hybrid package. Both Manufacturers A and B have good layouts, and this is why they 
had no failures prior to 75.000 g. 

2. 4. 4. 6 Hermetic Seal Test 

Hermetic seal testing was performed many times in the stepped stress testing to 
identify both initial failures and those caused by testing. (See Figures 8, 9, 10.) 
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This paragraph describes the initial seal tests and those performed on one gr.6up «If 
hybrids from each of the three suppliers. Initial results of hermetic seal testing'of 
Manufacturers A, D, and F's hybrids are shown on the top of Figures 8, 9, and 10. 

Manufacturer A had 5 hermetic seal failures out of 150 of its hybrids initially 
tested. The gross seal testing of Manufacturer A's hybrids per MIL-STD-883, 
Method lol-l, Condition C, Step 2 (fluorocarbon gross leak with vacuum backfill) 
yielded inconclusive results during this testing because many packages emitted very 
fine bubbles over a wide area of the package surface. All 150 samples were then sub¬ 
jected to a weight hermetic seal test. The weight method for gross hermetic seal 
testing was performed by controlled weight measurements before and after backfill. 

During the weight method hermetic seal test, all the samples were handled with 
great care to keep them free of any oil, or other contaminant. When handling was 
necessary, tweezers were used rather than bare fingers. The parts were first baked 
at approximately 100°C for 4 hours minimum to drive off any moisture. Shortly after 
baking, the [tarts were weighed on an electronic scale to the nearest tenth of a milli¬ 
gram and then backfilled with FC-78 per MIL-STD-883, Method 1014, Condition C, 
Step 2. After backfill, the parts were kept in FC-78 until the time they were placed 
back on the scale. The FC-78 evaporated so rapidly that the time it took to transfer 
the part from the FC-78 to the scale was sufficient to dry the external part surfaces. 
Failed parts were detected by a change in weight from bake to after backfill. Units 
whose weight changed more than 0.4 milligram were considered leakers (failures). 

This weight method test was performed first with a backfill pressure of 40 psig 
for 3 hours, and again at 40 psig for 16 hours (because of some marginal units in the 
150-piece sample). It was concluded that the 3-hour backfill at 40 psig w as insufficient 
for this particular package at this pressure to reveal marginal units, so backfill times 
were increased to 5 hours for later testing of this manufacturer's part. 

Table VIII provides a detailed breakdown of the hermetic seal test results for 
Serial Numbers 12 through 22 from Manufacturer A. Figure 22 outlines part of the 
hermetic seal evaluation for all three manufacturers. The same parts from Manu¬ 
facturers A and B were placed on Y2 axis acceleration testing (Figure 21) after com¬ 
pleting the seal test. Table VIII lists these tests, along w ith the seal testing, w ith 
backfill pressure changes. Tables IX and X show seal test results for Manufacturers 
B and F, with varying backfill pressure. Manufacturer B had no initial seal failures 
on the 150 samples evaluated (Figure 9), and Manufacturer F (Figure 10) had two 
failures out of 50 samples. 

The backfill pressure was varied during these evaluation tests for two reasons: 
first, to establish correlation of readings with backfill pressure. Second, it was 
increased to determine if and when packages are destroyed due to high pressure. 
The data in Tables VIII, IX, and X indicate that the time and pressure factors used had 
little effect on the fine leak rates and the overall results of the test. 

46 



¡a
m

p
It

- 
<

*
as

 t
.a

k
«
 d

 d
rv

, 
»
«
 i

g
tu

-d
, 

th
«
 n
 b

a
rk

ft
lk

 t
l 

p«
 



CODE KEY: 

( El»ct»lcal^ 

KtonUfl«» Tm( (ll*ch»nlc.l, Envirunm.nUl, or 
Electrical) Being Studied 

Electrical Teate at »• C to Delect Failuree Cauaed 
by F rev loua Teat 

Environmental or Mechanical Teat Per MIL-STD-«8.1 
to Locate or Induce Failuree in Defrayed Teat 

Indi catea the Parameter (Variable) »elnc Ctenced 
ae the Teat Proceed a 

Indlcalea that thla Specific Teat la Completed 
• tth No New Failuree 

Indlcalea Failure Occurrence at thia Teat 

i/H it - 

3 It Sample« 

Herrn««* Heal 

I Coed A * C ai«p 

V V - ReckMl Pnaaaure a 

wr taet lur leal 

1 

It a .• 4 

I 

1 iwp •d 1 

—I 
Çne^ricaT^ A 

VN «1 - 71 

3 II Samplea 

f Hermetic Seal > 
MIL-ÍTD-M3, Method 101«, 

Cond A 4 C Slap 2 
v ■ Hbchflll Preaeure > 

r X 

r 
-^£1 It 

7» fl, 1 f 
-P—If 

L «f* i# 
»en 12 C 

r ~Ær 
( t w.nr c>l ^ i 

•All Pall dee to 
DUMfle vhee 
Caee Caved la 

Mfg, A Mfg. B Mfg. F 

Figure 22. Hermetic Seal Evaluation 

48 



Table IX. Hermetic Seal Test Results Using Manufacturer B's 
l/4" X 1/8" Flatpackage 

HYBRID 
SEAL TEST 

TEST RESULTS FOR VARIOUS 

BACKFILL PRESSURES (psig)/TIMES liOUls) 

FINE LEAK 

(X 10“9) 

VÎ F AN 

RANGE 
NO. 

TYPE UNITS 
4Ô 

3 3 
70 80 

3 
90^ 

3 
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*10-*’ 

1. 7 4. 2 4. 2 3. 0 11. 0 T 4 . 8 
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Wein« Bei or e 
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xKT9 
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- 
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1 
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(Note 2) 

Before 
- - 

0. 1592 0.1563 

After 0. 1592 0.1593 S' 2. 1 *9. 0 

S/N 69 

Fine Leak Rate Atm -cc/ s 

«nr9 

2. 8 4. 2 4. 9 1. 4 9. 5 X 4 () 

Gross Lea ik (Note 1) FB FB FB FB FB s' 
Weight 

(Note 2) 

Before 
- - 

0. 170Í 0.1703 s' 
After 0. 1702 0. 1703 s' 1.4x9.5 

S/N 70 

Fine Leak Rate Atm-cc/s 

xlO'9 

3.0 2.8 4. 9 4. 1 8.3 X = 4. 6 

Gross Leak (Note 1) FB FB FB NB FB yS 
Weight 

(Note 2) 

Before 
- - 

0. 1600 0. 1601 s' 
After 0. 1600 0. 1602 s' 2.8-8.3 

S/N 71 

Fine Leah Rate Atm-cc/s 

xld"9 

2. 4 3. 5 4. 2 4. 1 7.0 X- 4. 2 

Gross Leak (Note 1) FB FB FB NB FB / 
"Wight. 

(Note 2) 

Before 
- - 

o. lâàs 0. 159( s' 
After 0. 159(: 0. 1597 y' 2.4-7.0 

NOTES: 

1. Code: NB = No Bubbles; B = Bubbles; FB = Fine Bubbles 

2. Gross leak t*st wherein the sample was baked dry, weighed, then backfilled per MIL-STI>883, 
Method 1014, Cond. C, Step 2, and again weighed. Units increasing ^0.0004 grams were considered 

to be nonhermetic. 
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The fine leak rates were measured using the tracer gas (helium) method, and 
the data indicates rather poor repeatability of the readings. Variables that affect t e 
leak rate reading are the stability and calibration of the mass spectrometer, contre I 
of contamination and paint on the packages, size of packages, type of package nr> 
terial, and length of time out of the helium backfill before the measurements made 
(if the time is relatively short). 

Tables VIII, IX, and X list the average leak rates and the range of readings for 
each sample. Also shown are the gross leak (Method 1014, Condition C, Step 2) test 
results and the backup gross seal data from performing the weight seal tests. The gross 
seal test is subjective because although some packages had very fine bubbles emerging, 
they are still hermetic packages. Experienced gross seal test operators can differen¬ 
tiate between most of the actual leakers and those merely showing background bubbles, 
but the capability is not 100 percent effective. Since it is poor economics to reject all 
the fine bubblers, this subjective method had to be backed up by the weight method to 
establish the actual leakers. 

i 
In summary, Method 1014, Condition C, Step 2 was found to be a much more effec¬ 

tive seal test than the earlier gross seal test method (MIL-STD-750 and MIL-STD-202), 
but there is much room for economic improvement in the gross seal test. 

I 

2. 4. 4. 7 Mechanical Shock 

Figure 23 displays the mechanical shock test performed on a pneupactor-type, 
mechanical shock tester. The flatpackages were attached to a projectile and, 
with air flowing in the venturi section of the shock tester, a suction was created 
at the inlet which drew the projectile into the tube. Propelled down the tube by ex¬ 
panding air, the projectile left the tube and impacted on a seismically-mounted 
mass (called the striker plate). In this fashion, the flatpack underwent shock of a 
magnitude and duration that could be varied by air pressure and measured by an 
accelerometer. Four of the hybrids were destroyed upon impact, because the projec¬ 
tile and flatpack rebounded and struck part of the shock test fixture. This situation 
was averted through modifications to the pneupactor, where the projectile exited from 
the tube. 

Manufacturer A's hybrids had three electrical failures due to shock testing. 
* S/N 138 failed after 10,000 g due to a loose wedge bond to the substrate. S/N's 137 

and 141 failed, after the five 30,000 g peak shock pulses, due to a loose NPN tran¬ 
sistor chip, and a loose wedge bond to the substrate, respectively. Manufacturer B's 
hybrids had no electrical failures due to the five shock pulses at 1, 500, 3,000, 5, 000, 
10,000, 20,000, and 30,000 g peak in the Yj axis. Only one of Manufacturer B's 
hybrids failed hermetic seal testing, and this was after the 20,000 g shock pulses. 
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Figure 23. Mechanical Shock Evaluation 
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One of Manufacturer F’s hybrids failed at 3,000 g due to a loose gold ball bond 
to the gold plated kovar transistor mounting tab, and another showed a loose ball 
bond to a transistor after 20, 000 g. Only four of Manufacturer F's hybrids were 
mechanically shocked, and after the 20,000 g pulses, no samples were left for 
30, 000 g testing. 

Mechanical shock testing at low g levels (below 10, 000) appeal's to be ineffective 
in revealing part defects. Above 10,000 g, it serves to disclose poor chip bonds and 
wire bonds, but it is a difficult test (or screen) to employ with large quantities of 
parts. While special fixturing could be devised to mechanically shock on a volume 
basis, tight controls would have to be maintained to preclude part damage. 

2. 4. 4. 8 Life Test 

Figures 8, 9, and 10 each have three life tests listed. They are high tempera¬ 
ture storage, reverse bias life, and parallel excitation life. The high temperature 
storage was performed as a reference against which to compare the other two life 
tests. 

2. 4. 4.8.1 High Temperature Storage Life 

Figure 24 shows the test results for high temperature storage, beginning at 
+ 125°C and going to+150°C. The hybrids were stored, unenergized, in an oven at 
the specified temperature for the time duration shown in the sequence. S/N 51 from 
Manufacturer A failed after a total of 2,848 hours of storage (1, 264 hours at+ 125°C 
and 1,584 hours at + 150°C) due to a faulty ball bond. The failure mode was a high 
vCE(sat) at 450 milliampères of collector current. At zero hour, the VCE/satv 
measured 0.356 volt, and at the time of failure, the VCE/sa^ had increased to ' 
0. 627 volt. 

Two additional failures occurred after 3,160 hours of storage life. Serial Number 
55 failed VCE^gatj due to a poor chip bond, and S/N 106 failed due to the loose end of 
a 1-mil gold wire being attached to outside the package bottom. This foreign wire 
contacted and shorted with leads 2 and 3. The gold wire was present since the hybrid 
was manufactured, and in handling- the wire shifted sufficiently to cause a short circuit. 

Serial Number 55 had failures on both NPN transistors due to poor chip bonds. 
VCE(sat) at 450 milliampères was 0. 360 and 0.361 volt initially, and 0.569 and 0. 615 
volt at failure. When the internal wire bonds were checked, during failure analysis, 
by pulling the wires, the wedge bonds broke at 3 grams and over. When the chip 
bondi were checked by gentle pushing with a fine wire, the NPN transistor chips 
poppea off from very little force. 
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Manufacturer B's hybrids had no failures during 3, 758 hours of high temperature 
storage Manufacturer F had one of the three samples fail after 2, 328 hours of 
storage life (1,080 at+ 125'C and 1,248 hours at+ 150°C). Serial Number 11 failed due 
to a broken bond to an NPN transistor-emitter, at the point where the wire was necked 
down for the wedge bond. The gold wire wedge appeared to have aluminum migrating 
into, or o^er, the gold. All the other gold-to-aluminum bonds were then pull tested. 
All broke at less than 0.1 gram, indicating a serious bonding problem. 

2. 4. 4. 8. 2 Reverse Bias Life 

In this test, as many junctions as possible were reverse biased during the life 
test Figure 25 shows the test times and temperatures. At each test point, the bias 
was maintained on the samples until they reached room temperature. Then, they were 
electrically tested within four hours after removal of the bias. 

The purpose of a reverse bias life test was to determine whether semiconductor 
devices incur changes in electrical characteristics due to surface inversion or polari¬ 
zation This was determined by monitoring critical parameters, such as hFE and 
I™ in the case of transistors, and IR in the case of diodes. When reverse bias 
life is performed with little current limiting, the poorer devices often self-destruct 
when their leakage currents become high enough to cause high power dissipation, or 
to turn on a transistor. When very little current is used, extreme caution must be 
used to eliminate noise or transients on the power supplies, which could inadvertent y 

destroy good units. 

As shown in Figure 25, for Manufacturer A, six of the ten samples failed during 
the first 280 hours at+ 125°C, but then no further failures occurred due to surface 
inversion during the balance of the 3, 758 hours of life testing. These parts supposedly 
had received a reverse bias burn-in by Manufacturer A. In a subsequent investigation, 
into why these units had passed, it was found that Manufacturer A had: 

1. Introduced a high impedance in series with the power supply to limit the 
current in the bias circuit, 

2. Removed the bias before reducing the oven temperature, 

3. Not tested the parts shortly after removal of the bias. 

While the supplier had used no current limiting earlier, he subsequently added cur 
rent limiting to increase his yield during this screen. Bad the supplier introduced cur¬ 
rent limiting, lowered the oven temperature before removing the bias, and tested the 
parts within 8 hours, he would have exposed the faulty units. 
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Manufacturer F had nu failures due to surface inversion, but there was a reoccur¬ 
rence of the bond failures that were found during the storage life test. Manufacturer 
F definitely has a serious gold-to-aluminum bonding deficiency. 

It was found that with reverse bias life testing, the failures occur within the first 
few hours of test. Experience indicates that nearly all occurred during the first 168 
hours, and many are found during the 48 hours of reverse bias burn-in. 

Each semiconductor manufacturer, each device type, and each lot must be evalu¬ 
ated to assure that the devices do not suffer surface inversion effects. rl hese problems 
still predominate in discrete diode and transistor chips — even in 197U, when suppliers 
claim that process improvement and design changes have eliminated these failure 

mechanisms. 

2.4.4.8.3 Parallel Excitation Life 

In the parallel excitation life test condition, each circuit was driven with a signal 
appropriate to simulate, as closely as possible, the worst case circuit application. All 
circuits had a maximum load applied. Figure 26 lists the times and temperatures ap¬ 
plied to each manufacturer's hybrids. 

Manufacturer A's hybrids had one failure after 280 hours at + 125°C. The failure 
mode was an increase of diode reverse current over the specification limit. During the 
next time period, all the samples were destroyed when a pulse generator failed, cau¬ 
sing each hybrid to dissipate over one watt. The heat generated from the high power 
dissipation slowly melted the internal leads and created intermetallic formation at the 
gold-to-aluminum wire bonds; and the aluminum metallization on the transistor chips 

also showed indications of electromigration. 

Manufacturer B's hybrids registered one 0-hour failure when Serial Number 120 
failed to operate in the life test circuit. Failure analysis showed the collector to be 
shorted to the base in transistor Qt. After 2, 784 hours of life (1,056 hours at + 125°C 
and 1, 728 hours at + 150°C), S/N's 122 and 128 from Manufacturer B showed a high 
leakage at transistor Q3. After another 974 hours of 150C’C operation, S/N 124 also 
failed due to high leakage. All three failures acted as though they had channels caused 
by an inversion, resulting in the high leakage currents. (Earlier results of the reverse 
bias life supported the hypothesis of channeling.) 

Manufacturer F's hybrids operated for 3, 168 hours with no failures. But, after 
another 1,320 hours, three of the four hybrids failed. All three failures were caused 
by loose gold wire bonds. This same failure mechanism was found during high tem¬ 
perature storage and reverse bias life. Manufacturer F clearly has a time-dependent 
failure mechanism in their hybrids due to faulty wire bonds. 
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2.4.4.9 Internal Wire Bond Puli Tests 

A review of Figures 8, 9, and 10 shows that, during all the stepped stress testing, 
6. 7 percent of Manufacturer A's 150 hybrids failed due to faulty internal wire bonds. 
Manufacturer B's 150 samples also had 4 percent failure due to faulty bonds; but, 
Manufacturer B's failure mechanism was unique in that all six failures were due to 
detachment of ball bonds from the thick-film conductor on the substrate. The bonds 
were all in the area where a transistor chip was "scrubbed in" to make a chip bond. 
(This bond is at the end of internal lead Number 12 in Figure 27.) Manufacturer F's 
hybrids did not receive stress levels as high as those of Manufacturers A and B; yet, 
these hybrids had 36 percent of the 50 samples fail due to faulty bonds. 

Internal wire pull tests were subsequently performed on all Manufacturer B's hy¬ 
brid microcircuits which survived the stepped stress tests described in Figure 28. 
(Note Figure 28 is Figure 9 repeated for the reader's convenience.) The pull tests 
were performed on these samples to determine the extent to which the gold wires 
bonded to gold plated kovar, gold thick-film conductors, aluminum in contact with 
silicon on transistor chips, and aluminum over silicon dioxide on the thin-film resistor 
chips were degraded due to the extreme stress levels. The wire pull tests were per¬ 
formed per Method 2011, Condition D of MIL-STD-883. Figures 29 through 38 por¬ 
tray the results of these pull tests after the stepped stress tests. Note that before the 
pull tests, each sample was heated by a soldering iron to remove the kovar lid (greater 
than 300 °C). 

» 

Figure 29 depicts the overall bond pull test results for all the surviving units. 
Note that the gram gage used on the bond pull tester had a scale of 0 to 5 grams, and 
the pull tester was set to not exceed 6 grams pull to prevent damage to the gage, i his 
precaution caused the last bar on each chart to be out of proportion to the other bars, 
and emphasis should therefore be placed on the wire or bond failures at and below 
5 grams. Each graph portrays the distribution of force required to break the wire or 
bond with both a bar chart and a cumulative curve of percent fallout. Figures 30 through 
35 show wire pull results for each test group in Figure 28. Note that there is very little 
deviation from one group to the other, indicating that the applied stresses did not signi¬ 
ficantly degrade the bonds. 
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Figure 29. Overall Bond Pull Tests 
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Hgures 36, 37, and 38 show wire pull results for inWn.,1 i j 

as defined in Figure 27. Lead No 1 has a bill honH i h u ^ and lo, 
ductor on the substrate, and the wedle bold to fh mT °n lhC g°ld lhk'k-fiIm con- 
frame. Lead No. 2 has a ball » T! g°ld plated kovar P^t of the lead 

the emitter of a PNP transistor Thellth ^ f ^ Wedge bond> which goes to 
the aluminum metXz^ enHd °f ^ lead has a ^dge bond gnin) 
has the gold ball bond going to the aluminum" Tip6’ ^ ^ resisU)r chiP- Leati No. 10 -. .r „4¿r x»““r?,r.v."; irs? tt 
a serious bond problem. ^eanest, but neither indicate 
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1 

ffraifht' w:;'e pul1 data lt can 06 concluded that good gold wire bonds do not de- 
ooor . "h 'T lV enVir0nmental testinS. even at very high stress levels, whereas 
poor wire bonds continue to fail all during testing, as exhibited by Manufacturer F's 
history of microcircuit failures. Also note that bonds failed at less than 1 gram pull 

K0h 0 0PaSSed f’000 8 accteleratio"’ »"X -».s than 2 grams on utfuawMch 
P 8sed 1.)0,000 g acceleration. This indicates that even at very high g levels accel¬ 
eration does not create a high force on marginal wire bonds. 

Figure 37. Wire Bond Pull Test- Internal Lead No. 2 
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CONCLUSIONS ON Stepped STRESS TESTING 

hvhrld u coastructed 

r£^p---ÄfrrrÄ -•O.üoo g acceleration In the Y, .,»■ 1^ ' '“‘""í- •'ererse bias burn i„ ., 
A's hybrids performed ve.; I'cIl ' ^ -ever“ 

*“ llu0 tn a ^^la«<|f'«lHo„dVb Tdhehbonad15'3 P*reen‘ fa"OU,> 2(i Percenl of which 
-P was scrubbed ^ “ 

repeated cycles rfsÎres^es weu“ wUh‘„oT8 A ^ B " ÍthSl°0d lhe hiSh stresses and 

Manufacturer F's hybrids had a 7r 

='ÄSÄiS?=S-=:=“'- 

Large size hybrids are difficult t« i 

it Is difficult to hold a hermetic seaTdmta/ ^ ^ "«Packages 

2 ‘e;,ng 144 ^ Ärru/s;-'1 e,ectrM 
-- The manufacturer has a serious mild - 

•he failures showed faulty bonds, with °f 

stepped stress tesUn^pro^a^01^^ F S hybrÍd WaS unsuitablt' (in retrospect) f 
facturer, Delco waslawareTf thP , PreVÍ0US exP^ience with this hvbr d ’ 

l he data now available on this unit indicates at the °nset of th¡s contracrU~ 
high precision aircraft navigation system wh h VV0Uld prove to be unreliable in a‘ 

temperature extremes, mechanical^shack^and^m^fer^opei^ayQ^86^^^**11^*01 ’ 

the stepped stress test resulte ,1 * , 

effective screens to assure reliable hÿbrMs r''' *'hlch U'sts Pfovide lhe m„s, 
cycling from -65°C to + iwr , ‘V d ' For exampie, the results nf 

difference in ManufacturersZnl T™*' Shxks ^ -^C tTZo-c r^r 
* 200-C offers some potential as an ef 1,7 ' The™a' Shock from m "° 

Cráter ,0 aSS“rC thal : “^Care:i.bCdhehdydbr‘d " 

e peak. Acceleration in the Y, axis 
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must be performed at least at 40,000 g (and preferably above this level) if realistic 
forces are to be applied to Internal leads and chips, and the integrity of the bonds is to 
be realistically checked. The main limitation here is in the avaüaWlity of holding fix 

- : ,Pherfv°rm abOTC 40-000 « * production volume basis. Accelera- 
not be ms»h 72 a“d.the X “iS “re dt!triraental 10 ‘he hybrid's integrity and should 
. .. ri . d f0r ah';®6'1 testing. They can be employed as evaluation tools to obtain 

feetlve but°dmeCu t f ? deSignS' Mechanlcal sho<=k appears to be reasonably ef¬ 
fective, but difficult to implement on flatpackages or dual in-line packages. 

„oe,"‘ttemPerat"e TrT appearS t0 be a usetul a“d very economical means of 
pr^ipitating poor wire bonds, chip bonds, and faulty chips, R,verse bias life is an 

exe»!.r "Nr6'" ,y,b,ridS tha* have lndivid“al fansistor and diode chips. Parallel 
excitation life is useful for screening out additional failure mechanisms due to higher 

IT" rev^“ifT COnCe“trall°nS' which ara ‘•evealed in storage 

tV ‘IIe V contributed “> ^ elimination of faulty hybrids. The relatively 

hfSection m teSt Ca“ beS‘ be adi“dged fr°m the verification phase test results 
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SECTION III 

VERIFICATION PHASE 

3. 1 GENERAL 

1 he expressed purpose of MIL-STD-883, Test Methods and Procedures for Micro- 
electromcs, was to establish uniform methods and procedures for testing microelec¬ 
tronic devices. Of specific interest was Method 5004, which describes a total lot 
screening procedure for establishing 3 standard classes (C, B, and A) of test specimen 
Math ^r class designation corresponds to a higher level product assurance While' 
Method 5004 ascribes no absolute level of quality or reliability to each standard class 
level, for a given application, a lesser risk could be assumed in using higher level 

wehilpfth lhe °f COllrSe, ÍS hÍgher C0St in identifyinë the better performers. 
While the user himself must choose, the options remain unclear without some indica¬ 
tion ot the basic effectiveness of the screening procedures. 

The verification phase generated fallout data from application of Method 5004 
screening procedures, first for the Class C level, and then for the Class B and A levels 
A Quality Conformance Inspection was also performed on identified Class A-level de- 
vtces The specimens tested were 2,249 hybrid microcircuits obtained from 3 suppliers 
in 2 circuit configurations. For each environmental or mechanical exposure fallout 
was recorded and failure mechanism determined. 

«iw.™!16?.1 condition8 for the data generated during the verification phase were well 
within the Umits that any reliable hybrid microcircuit should be able to withstand. In 
the study phase, however, the conditions applied were more extreme. Hybrids were 
accelerated up to 150,000 g in the Yl, Y2, and X axes; thermally shocked ( 335 times) 

m . ^ +20?'C: temperature cycled (2,023 times) at extremes from 
5 to 200 C, vibrated up to 100 g peak; mechanically shocked up to 30,000 g in the 

Y, axis; and life tested over 3,000 hours at ambients up to +150#C. The resultant 
experience gained by Delco in each test phase, and from visits to Manufacturers A 
and B provided considerable insight into how hybrid production uncertainties relate 
to performance limitations, particularly those identified by application of Method 5004. 

3. 2 DESCRIPTION OF CIRCUITS USED 

Circuit schematics and actual photomicrographs of the hybrid microcircuits tested 
are shown in Figures 39 and 40. Circuit X, a Dual Memory Hybrid Switch, uses Q, 
and Q4 to switch 450 mA with a maximum saturation voltage of 500 mV. Its inputs are 
driven by TTL logic levels. Circuit Y, a Ladder Switch and Driver, is driven by TTL 
logic levels at pin 7, and its output at pin 3 switches between ground and a reference 
voltage at pin 2. Q, and Q2 operate in the inverse mode with 2 mV maximum allowable 
offset without load, and 4. 2 mV (or 30 fi max. series resistance) with a 20kfi load. 
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«■HRHIRaiif 

Manufacturer A's fiatpack is 1/4" x 3/8" for Circuit X and 1/4" x 1/4" for Cir¬ 
cuit Y, and has a gold plated kovar bottom and top. The sidewalls are glass and the 
package is hermetically sealed by soldering the top onto a gold plated kovar window 
frame in a belt furnace. All chips are alloyed down to a ceramic substrate having 
thick-film gold conductors on the top and thick-film gold on the bottom. 1 he substrate 
itself is alloyed to the gold plated kovar package bottom. Resistors in Circuit X are 
entirely thick-film cermet. Those in Circuit Y are thick-film cermet plus 4 diffused 
resistors in 2 silicon chips. Interconnects are made by 0. 7- or 1-mil gold flying wires 
having thermocompression ball bonds on one end and wedge bonds on the other. The 
chip metallization is thin-film aluminum, and the lead frame is gold plated kovar. 

b. Circuit Y - Ladder Switch 
and Driver 

Figure 39. Circuit Types Tested 

a. Circuit X - Dual Memory 
Hybrid Switch 
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Manufacturer B's fiatpack for Circuit V is 1/4" x i/s- Q1- , 
that also serves as the sabstrale-and a gold plated kov^ ¿D The" 

cMo'S lS are thrfl'm nÍChr0me' depOSited °n S,Ucor¡ d¡“^. - a i s e Loi, 6 

Manufacturer Cs flatpack for Circuit Y is 1/4" v 1/4" and n 7 , , < 

^é^rir1 AnTs^r-its physicai *» ^rre ^Lr; 
tenstve^xperience 316 -th ex- 

3. 3 MANUFACTURER preshipment REQUIREMENTS 

The actual procurement documents used are in Appendix I of* »/.1 ot,PrUK1'an’S- 

rr^c“ sre eim zzz* °™^zrzzs 
at the supplier's fJm by a Deteo reares""1“' The““' ^ 
:=^:rd^^ 
to those in Method 2010.1. Condition B, of MIL-STD-883 " Were S‘ra“ar 

3. 4 EVALUATION OF RESIII.TS 

The H„a.!i0Ut experieiKed in screening for Class C-level parts is shown in Table XI 
WhertlrrSented m 8 Sr0upin8s' along with the average loss for all test g^ups 

omif sir, mit tMu H iTs °r Gr°UP 8 are therefore thMe — and above the ui oi spec limit that led to the new grouping. 

*For Circuit N, the specified LTPD (Lot Tolerance Percent Defective per MIL-M 
i n^rî0 WaS 10, Wlth a max' acceptance number °f 3 For Circuit Y thp ■/ f 
LTPD was 5, with a max. acceptance number of 3 ’ 
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lablt XI. lest Results, Screening for Class C Units 
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Most of the failures detected in the study were due to opens, shorts, or improper 
hermetic sealing. In Table XI, for example, the external visual test fallout was due 
to missing external leads. Conversely, none of the initial electrical test failures 
was catastrophic, but only failure to meet the electrical limits of the procurement 
SCD. A high percentage of failure at initial electrical inspection was not uncommon 
despite the procurement requirements of 100 percent electrical testing at +25°C and 
sample inspection at temperature extremes. 

Fallout was determined by electrical testing, after each screen, to detect units 
out of the SCD limits. Those evidencing catastrophic failures were removed from 
test. Those that drifted out of limits but otherwise continued to operate were per¬ 
mitted to continue. Fallout was noted for a given condition only when a new failure 
was recognized. The specimens progressed in this manner from Class C, to B, to 
A screening. While this test sequence for arriving at Class A units deviates slightly 
from that of Method 5004, the overall result is the same. 

It is apparent with this test sequence, however, that a given environmental or 
mechanical test could influence the data of a later test. Temperature cycling, for 
example, could cause loss of hermeticity before acceleration testing, with no inter¬ 
mediate seal test to disclose this condition. Wire bonds could similarly degrade 
through temperature cycling to the point of opening later at 30,000 g acceleration. 
This consideration makes overall fallout for each screening class the most signifi¬ 
cant data, with intermediate figures useful only as indicators of approximate fallout 
from each screen. Appendix in has the detailed test conditions and test results in 
chronological order for each test group, with a description of the failure mechanisms 
for each screen performed during the verification phase. 

The upgrading of Class C parts to Class B and then A is depicted in Tables XU 
and Xm. Note, in Table XII, that Class B screening is limited to a 168-hour opera¬ 
ting burn-in at+ 125°C, yielding a modest 0. 63 percent average fallout. A 72-hour 
reverse bias burn-in would have increased the average loss to 2.02 percent, accord¬ 
ing to Table XIII, Item 10. 

The Class A test results in Table XIII are complicated by acceleration introduced 
at various points in the screening sequence. In Test Area 4, for instance, Groups 7 
and 8 were accelerated prior to mechanical shock to compare the affect of a Y, axis 
acceleration of 40,000 g with that of a Yj axis mechanical shock of 20 , 000 g. The 
comparison gave no clear edge to either test, but did indicate that both may be re¬ 
quired to weed out marginal units, despite the difficulty in shocking flatpacks in 
production quantities. Test results for Groups 6 and 7, after initial Y, axis accelera¬ 
tion, indicated loose ball bonds, loose transistor chips, and broken wires at points 
where bonding tools form wedge bonds. 
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Table Xin. Test Results, Screening for Class A Units 
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NOD1 ^ pertr lStrated ^ TeSt Al’ea ^ <T^.e 
Sure to a second 40,000 s, V, axis accetratüfn F r*’ reSpectively. ^ter expo- 
broken wedge bonds and an open ball bond iroin^ tn al T mechanisms here were 
tion levels higher than the :io ooo g specified in m * "7™™ metallization- Accelera- 
properly exercise weak wire -hin and «, k . " Mfhod j0ü4 are clearly needed to 

accelerated without damage Xovlr 100 OOO^Tn th HybridS °f this size were 
'I he 40,000 g limit shown in the tables was thP ^ referenced contvact's study phase, 
tion fixturing available during this phase maximum obtainable with the produc- 

Method o004 specifies acceleration in the Yo axis and while th- 
formed, results indicated that this type of testingTho, m k V WaS duly P61’“ 
prcxluction parts. For production units it is a ^ u d ^ lmited to evaluating non¬ 

acceleration, all internal leads are not’redresseVbvs^h^61”6"1 ^ Yz axis 
Son»e remain so deformed as to remain in cont-» 1* Y* federation, 

ductors on the substrate, even after exposure to lü^OOO^ac^f8’t0 COn‘ 
Moreover, not all shorts were detectable with the+ ^ Y) 
manifested only at -55X or + 125°C Still «th C e œtrical teäl» but were 
complete shoctmg out in later appUeatton aU el“,ric!l1 only to 

iladiographic examination in 2 íwpq with « enr 
a screening tool. The typical hybrid ts effeetl i appMred to be ineffective as 

aec. wires and chips and reia'ive y th ci. ds nH s ^ ‘"tercon- 
appeared to contain large foreign bodies which ! ' Ma"y ar,its examined 
of the firmly attached gold eutectic. In these cSh0"'n t0 be 
side a chip’s outline during scrubbing for -hi t* i dging was created out- 
hybrid's operation. other cl‘.^rap^““1/ not harm the 
Cl eated by solder wetting the package lid insiri th & arge ^oreiKn object was 

silicon and aluminum showed poorly on X rfl ^ 7 ^ ^ °n the other hand* 
bridge conductors can still be too small to si 

conso\reac;7^ar::re:.™„;^^crh:„tr:htr,8 ia Tabie ^— 

TabteXi. pre-class 

aged 5. 15 percent at -55"C and 0.8 percent at + 125T i t IZ ™ PerCe'11' aod aver- 

screening, addtttonal electrical test losses ranged from o" to3 »5 ' ^ 
averaged 1.19 percent at -55°C and 2. 7 percent It + 12™ C 

formance COn- 

after they had completed Class A screening This lot in t^ °f eaCh °f the 8 gr0ups 
cent screening by itself is not completely effecüvp n Tm Pr°VeS that 100 per' 

*-Extended Performance Test (EPT1 oroirram ,,r^i 
the lot acceptance criteria ? ' d ‘ ^1°° Electronics as part of 
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- mump 

^ ™ ' U'Sl lieSl,llS' KPT “““•P'"« f"‘- Q»«m.v Conformance Inspection 

* Haul Id I \ ci t >i I h M i Operation 

41 through 48, with a compete dWributiön Sh°™ in Flgures 

i:rrBtÄ 
temperature cycling and thermal shock. breakup, is highly vulnerable to 
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Il, 

Figiu’e 41. Distribution of Failure Mechanism for Test Group 1 

Total TaJloui * 78.7¾ 

Figure 42. Distribution of Failure Mechanism for Tes, Group 
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Toni Fallout * J1.8% 

Figura 43. Distribution of Failure Mechanism for Test Group 3 
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Toul Filioul = 25.4¾. 

• InciudM CUu (; B, ind A 
Screening Loues 

• Do« Not Include Incomiiw 
Inspection and LPT Losses 

Eleclrictl 

Hermetic 
Sal 
Failures 
(75) 

Group 5 
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Totil Fallout = 20.5% 

(a) Distribution Including Affects of Y2 Axis Acceleration 

Offset Voltage, Leakage 
Current, or Mrias 

Figure 47. Distribution of Failure Mechanism for Test Group 6 
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Seiict K cusía fu i- 

Tol*l Ftlluul = 12.fc% 

* Incluía CUu C, H. and A 
Screening Loues 

• Dues Not Include Is.tomiru 
Inspection and LPT losses 

Group 8 

Figure 49. Overall Failure Mechanism Distribution (31. 4 % Averaeei 
for All Test Groups s 
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or ihe 
ted by Delco in this contract's study ohase nJ if ^°16 manufacturers» and evalúa¬ 
lo again be the more fragile but both nark’ ^ f f Manufacturer A’s Product 
seal loss, even at high stres’s levels r ^ immune to hermetic 
showed no apparent physical or mechani™!^/80" °f ^ packa^es’ then and now, 
ducted by the same personnel. CI erences- Both test programs were con- 

Charts 46 through 48 show Manufacturer r tn ho, • , 
m ar i ly in his control of the thermocomn^i u * Wlre bondiriS Problems, pri- 
those where gold wires terminated at gold olated k" Cycle* Failure points were 
and at thin-film aluminum. The principal failure ^ thick~fiIm Sold conductors, 
at thin-film aluminum, specifically at the "weZ-PT ^ WCdge bonds made 
the bonding tool. These occurrences cannot h Shaped mdentation created with 
screening techniques. Such bonds will deoraH6 6 lm aated with the aid of available 
(but below + 125T), or where temperaturegchae 3 amblentS significantly above+25°C 

application, this situation represents ileat r^k^8 ^ "Seen" by the devices- I« 
to be the predominant failure mechanism in both 6 l^Grnal wire bonding appears 
gives a detailed breakdown of the failure h h embly and field losses. Appendix IV 

inspection; Class C, Class B, and Class A screen-°18 teSt f°r incoming 
Inspection. ' LlaSS A screenmg; and for EPT Quality Conformare 

3’5 -PBECAP INTERNAL-V1STIAT P1SPEÇT10N 

aspect ofTtamingl^llbTeMridmmroTlS^ s,fcltled ls a «‘«cal 
Inspection per Condition A ¡or B) of Method 2010 1 nt MÍr'Ín^60311 intcr"al-visual 
to assure satisfactory Internal materials d..? M‘L-STD-883'’ is not sufficient 
a hybrid microcircuit because: ' ^ con8tructl°n* and workmanship in 

1- inaMsõrwaCrer 10 2010 «poirements 

2' UonTrüeriã! ” SPeC‘f‘C ma,,UlaCturer dlff« among themse.ves on rejec- 

3' 171°’the 1"írpretatlons ‘Knore the literal intent of MIL-STD-saa 
and become on,y goais to strive for rather than firm Action X'ia. 

specified precap internat^uaTmspection rematTfaCtUrer 8 interPrctation of the 
reviewed. „ „as often found that althollh s ' ^ Cr‘,er'a had ,0 ^ carefully 
«‘on of precap internal-visual repuirements, Ty were“« 
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The purpose of the review of a manufacturer's inspection criteria must therefore 

MI^STOSSS S lnterpretin* the requirements of Method 2010.1 of 
MIL-STD-883. Specific additions and exceptions must be specifically negotiated, 
depending on design and construction of a specific manufacturer's hybrids. 

3. 6 CONCLUSIONS ON SCREENING EFFECTIVENESS 

Screening of hybrid microcircuits can be an effective aid to product assurance if 
properly administered. This study shows Method 5004 of MIL-STD-883 to be an 
excellent format for such screening, effecting average fallouts of 6.53 percent for 

arenas ^follows ^ B’ ^ 31‘ 4 ^ ClaSS A' Related findings 

Yj Axis Acceleration — A necessary procedure, best performed at the 
ighest g level possible for each hybrid configuration, after all process ini 

other than hermetic seal testing. * 

Y2 Axis Acceleration - Not recommended on a 100 percent screening 
basis. Some internal leads are forced close to chip edges and down to 
other conductors, causing potential shorts that are not necessarily cor 
rected by Yj axis acceleration. 

• Reverse Bias Burn-In - Important in screening and testing circuits that 
use discrete devices. The devices, however, will heal themselves 
before detection unless oven temperature is reduced to 25°C ambient 
before bias removal, and parts are electrically tested within 8 hours of 
bias removal. 

® Mechanical Shock vs Acceleration — Not interchangeable as to results ob¬ 
tained. Acceleration exposes weak wire bonds, faulty substrate t onds, 
and bad chip bonds. Mechanical shock exposes additional potential fail¬ 
ures due to improper assembly. 

• Wire Bonding - A highly critical area of hybrid microcircuit production. 
Suppliers should perform stringent internal wire bond-pull tests hourly ’ 
on each multichip hybrid bonder during the actual production process. 
Unless all of a sample's wires are pulled there is no assurance that all 
chips, metallizations, platings, and thick-films are bondable. Sample 
bond-pull tests should also be performed after hermetic sealing and all 
screen tests to detect any subsequent bond degradation. Good bonds do 
not degrade significantly. 

• Supplier Process Control - Appears to place insufficient emphasis on 
obtaining consistently reliable wire bonds, chip bonds, and hermetic 
seals. 

• 100 Percent Screening - By itself, not completely effective in excluding 
faulty and marginal units. To assess the quality of each specific hybrid 
lot, a sample should be pulled for Quality Conformance Inspection. 
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• Hybrid Microcircuit Reliability — Variable by part and lot, even from 
the same source over brief periods. The diversity of hybrid part and 
material sources introduces many valuables into the manufacturing cycle. 
I he effect of these variables can be greatly minimized by exposing each 
hybrid to a systematic program of Method 5004 screening and subsequent 
sampling for Quality Conformance Inspection. 

• Packaging-A chronic troublespot in hybrid microcircuit manufacturing, 
as evidenced by hermetic seal failures. Manufacturers should commit 
themselves to obtaining better packages and performing stringent incom¬ 
ing inspection tests of the hybrid packages before introducing them in 
assembly. Designers must also specify large enough packages to allow 
the use of reliable packages. This policy will assure the package's 
ability to withstand mechanical and environmental requirements, and 
survive through assembly into systems. 

• Precap Internal-Visual Inspection — An effective screen if the rejection 
criteria of Method 2010. 1, MIL-STD-883, is enforced. Rejection 
criteria must be reviewed with each manufacturer to assure a mutual 
understanding of what is, and is not, acceptable. 
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SECTION IV 

CONCLUSIONS 

4. 1 GENERAL 

hybrid's ultimate application A p-pnpmi L1 1 agldpn as "ell as to the 
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Apply stress levels high enough to accelerate failure mechanisms mH 
thereby fail unreliable devices during short term screT.es* 

se“» a^iuSifd:::::.to ,evels beiow those that -uw 

Parts which survive the desired screen arp pv^^h 4 , , 

quired"1 to trigger^ai^ure^meci^nis ^ fT appliCation- Howe^ ^he levels^! f°r 

the elimination of failure mechamaT mu“fecTMHly“everaÍlTted ^ ^°86 

•Itrum force- ,echnk,ue * ITT 

cycle assure consistency in producing reUable substrate, chip, and wire tnds 

circu« caTwTsûÛTThi^t T'“ í"“* 3 “-tructed hybrid micro- iv,un can wunstana very high stress levels without degradation H„fr, * i 
representative of well constructed 1/4" x l/8" and 1/4" x 3/8° hvblcs th oT "aS taken on the 1" V u / uu i/^ x j/y hybrids. The data 

ote'obTinTETT? “ 
hybrids for use in fu.T systems! " "Sh “* C'SpablUtk's S“ch large 

93 



lhe verification phase testing showed that screening of hybrid microcircuits can 
be an effective aid to product assurance if properly administered. By itself, 100 per¬ 
cent screening is not completely effective in excluding faulty and marginal units, lo 
assess the effectiveness of the screening of each specific hybrid lot, a sample should 
be pulled for quality assurance inspection. Hybrid microcircuit reUability varies by 
part and lot, even from the same source over brief periods. The diversity of hybrid 
part and material sources introduces many variables into the manufacturing cycle 
The effect of these variables can be greatly minimized by exposing each hybrid to a 
systematic program of screening and subsequent sampling for quality conformance 
inspection. 

4- 2 OPTIMUM SET OF QUALIFICATION PROCEDURES 

The following procedures are recommended as a result of the study and verifica¬ 
tion phase of this contract. The hybrid microcircuits used as a basis for these recom¬ 
mendations were relatively simple and packaged in 1/4" x 1/8", 1/4" x 1/4", and 1/4" 
*3/8’ hermetically sealed flatpackages. Additional experience was obtained with a 
Ixl flatpackage hybrid, but was of limited value because of the device's poor quality. 

4. 2. 1 IN-PROCESS SCREENING 

1 able XVI is a list of screening procedures which are basically taken from Method 
5004 of MIL-STD-883, but modified to incorporate information gathered during this 
contract. Screen Items 1 and 2, bond strength-interconnects and bond strength-chips, 
are very important tests for large-package hybrid microcircuits which cannot with¬ 
stand extreme thermal shock and temperature cycles and high g level-mechanical 
shock and centrifuging. These in-process screens serve to detect weak bonds, which 
are primary failure mechanisms that are difficult to eliminate, by screening, during 
the manufacturing cycle. These two tests must be so performed as to monitor each 
and every bonding machine, each operator, each wire material and size, and each bond 
to the various chips used. 

4-2-1-1 Bond Strength (Interconnects! 

Bond strength testing is to be conducted, for the specified device class and LTPD 
by using Conditions B, C, D, or F of Method 2011 of MIL-STD-883, as applicable to ’ 
the particular device construction. The LTPD and acceptance numbers specified for 
the bond strength test determine the minimum sample size in terms of the minimum 
number of bond pulls to be accomplished, rather than the number of complete devices 
in the sample (except that the required number of bond pulls shall be contained in a 
minimum of 10 devices). All bonds pulled are to be counted and the specified sampling, 
acceptance, and added sample provisions observed, as applicable. Every bond in the ’ 
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Cable XVI Recommended Screen Test Procedures per MIL-STD-883 

SCH KEN 1 EST CLASS "A” CLASS "B" 

ITEM TYPE METHOD IN 
M1L-STD-HS3 

REQUIREMENT METHOD IN 
MIL-STD-883 

REQUIREMENT 
METHOD IN 

MIL-STD-883 : 

1 Rond Strength (Interconnecta) 

Note G) 
2011 (See Paragraph 
4. 2. 1. 1) 

Note ® 2011 (See Paragraph 
4, 2. 1. 1) 

Note ® - 

2 Bond Strength (Chipa) 

Note (v 
(See Paragraph 
4. 2. 1. 2) 

Note ® (See Paragraph 
4. 2. 1. 2) 

Note © - 

3 Internal Viau&l (Precap) 2010, Condition A 100% 2010, Condition B 100% 2010, Condition B 

4 Stabilization Rake 1008: 
24 hrs (min), 
Condition C (min) 

100% 1008: 
24 hrs (min), 
Condition C (min) 

100% 1008: 
24 hrs (min) 
Condition C (min) 

5 Thermal Shock 
Note (Î) 

1011, Condition A 
(min) 

100% - - — 

6 
Temperature Cycling 

Note © 
1010, Condition C 
(min) (See Para¬ 
graph 4. 2. 1. 3) 

100% 1010, Condition C 
(min) (See Paragraph 
4. 2.1,3) 

100% 1010, Condition C 
(min) (See Paragrafk 
4.2.1.3) 

' »—i( 

7 

Mechanical Shock 2002, Condition F: 
One Shock Pulse in 
Y. Plane Only, or 5 
Shock Pulses at 
Condition B in Y i 
Plane 

100% — 

1 

-—J 
8 Interim Electrical 

Parameters 
Note (6) 

100% 
Note © 

" 

- 
■ 

9 Burn-tn Test 1015: 
240 hrs at 125'C 
(min) 

100% 168 hrs at 125°C 
(min) 

Note 4 

100% 

; 

10 Interim Electrical 
Parameters 

Note (b) 
100% 

- 

! 
11 Reverse Bias Burn-in 

(See Paragraph 4. 2. 1. 4) 
1015, Condition A 
or C, when Specified, 
72 hrs at 150-C (min) 

100% i 

-—wni 
12 Interim Electrical 

Parameters 
Note (i) 

Note (6) 100% - 
iffll 1 C 

13 Centrifuge 2001: Y, Plane 
40,000 g (min) 

100% 2001, Condition E, 
Yj Plane (min) 

100% 2001, Condition 1 (|MÍI 
Y| Plane only 

14 

Hermetic ity 
a. F ine Note (T) 
b. Gross 

1014 100% 1014 100% 1014 

15 

ÍT 
iñ 

jj • D M 
H V 
3 i 
Ü 2 
Ü 2 
W 2 

li 

Static Tests. 
• 25*C Note ® 100% Note © 100% Note © 
• Maximum and 

Minimum Rated 
Operating 
Temperature 

100%. 100% 

Dynamic Tests at 
25#C 100% 100% 

Functional Test at 
25*C 
(See Paragraph 
4. 2. 1. 5. 3) 

100% j 

, ] 

in Radio graphic 2012 100% - - _ 

17 Qualification or Quality 
Conformance Inspection 

(See Paragraph 
4. 2. 2) 

Note © 
(See Paragraph 
4. 2.2) 

Note © 
(See Paragraph 

18 External Visual Note (n) 2009 100% 2009 100% 2009 

NOTES: 

O 
© 

© 
© 

Thr riKltnfcraplik (Item IB) »od hermetlclty (Item 14) (creene m»y be performed ln «ny »equence »Iter Item 13. 

All device» muet be !*>nd etrength teeted. the extent of which shall be a function of g level uaed during the centrifuge 
screen. (See Item 13.) Where package site restricts the g level to 40,000 or below, a tight aampllngplan In 
recommended. Where a device la centrifuged below 20,000 g the Class A devices should be 100 percent bond atre .h 
tested, using nondestructive mcttods. 

Unless Otherwise specified, the external visual Inspection need not Include measurement of physical dimensions. 

Hum-In conditions should be established through testing to determine the most effective such screen for each type of 
device. ( This Is necessary alnce some devices are beat screened with reverse-bias burn-ln, some are heat burned- 
In st full-load operation, etc.) 

(?) This electrical teat | 
can be performed f ‘ 

© 
© 

Per applicable pr 

CAUTION: In ca 
load 

rajtilral 



100% 

100% 

100% 

100% 

TW 

Note© 

100% 

Table XVIII. Recommended Group A Quality Conformance Test Procedures 

ITEM TEST 
TYPE CONDITIONS CLASS A 

LTPD 
CLASS B 

LTPD 
CLASS C 

LTPD 

1 

Electrical Tests at 25"C 

e Static 
e Dynamic 
e Functional 

Per Applicable 
Procurement 
Document 

5 
Max. Acceptance 

No. 5 

7 
Max. Acceptance 

No. 5 

10 
Max. Acceptance 

No. 18 

2 

Electrical Tests at Maxi¬ 
mum and Minimum Rated 
Operating Temperature: 

e Static 
a Dynamic 
e Functional 

Per Applicable 
Procurement 
Document 

5 
Max. Acceptance 

No. 10 

10 
Max. Acceptance 

No. 18 

15 
Max. Acceptance 

No. 18 

_1 

Table XIX. Recommended Group B Quality Conformance Test Procedures 

IT EM TEST METHODS OF 
MIL-STD-883 CONDITIONS 

1 Physical Dimensions 2008 Test Condition A 
2 Marking Permanency 2008 Test Condition B (Para. 3. 2. 1) 
3 Visual and Mechanical 2008 Test Condition B 
4 Temperature Cycling 1010 Test Condition C 
5 Burn-In 1015 

6 Acceleration 2001 Y, Plane. 40,000 g (min. ) 

7 Lead Fatigue 2004 Test Condition B2 

8 

Electrical: 

e Static 

e Dynamic 

e Functional 

9 

Hermetic Seal: 

e Fine 

e Grose 

1014 

Test Condition A or B 

Test Condition C. Step 2 

10 Internal Visual 2010 Condition A for Class A 
Condition B for Class B and C 

11 Bond Strength: 

e Interconnects 

e Chips 

2011 (See Para. 4. 2. 1. 1. ) 
(See Para, 4. 2. 1.2.) 

CLASS A 
LTPD 

(See Para. 
4. 2. 2. 1) 

(See Para. 
4.2.2. 1.) 

CLASS B 
LTPD 

10 
(See Para. 
4. 2. 2. 2) 

(See Para. 
4. 2. 2. 2. ) 

CLASS C 
LTPD 

15 
(See Para. 
4. 2. 2. 3) 

(See Para. 
4.2. 2.3.) 

112) after reverse bias burn-in may be eliminated If the 25*C final electrical teats (Item 15) 
I honra after removal cf the reverie bias (Item 11). 

t document. 

» a large group of parte la placed In thermal shock or temperature cycling, the large thermal 
i can Invalidate the teat unless the equipment used has sufficient capacity to maintain the 
erature eat remes. 

95 
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microcircuit must be pulled. Any bond pulled which fails under an applied stress less 
than that indicated in Table XVn constitutes a failure. (See MIL-STD-883, Method 
5005, Paragraph 3.7. ) 

Table XVII. Required Bond Strength for Indicated Test Conditions and Wire Type 

TEST 
CONDITION 

WIRE TYPE REQUIRED MIN. 
BOND STRENGTH 

(grams) 
COMPOSITION CONSTRUCTION 

B 

C 

C 

C or D 

C or D 

F 

F 

Au or A1 

A1 

Au 

Al 

Au 

Any 

Any 

Wire or Beam Lead 
( 1 -mil wire) 

Beam Lead 

Beam Lead 

Wire ( 1 mil) 

Wire ( 1 mil) 

Flip-Chip 

Beam Lead 

15 

2 

6 

1 

3 

5 X No. of Bonds 

5 X No. of Beams 

4. 2.1. 2 Bond Strength (Chips) 

The sample used here may be the same as that used for the interconnect bond 
strength tests. This test is not applicable to flip-chips or beam leads; use Paragraph 
4.2.1.1 for these. Chip bond strength testing must be conducted for the specified 
device class and LTPD of the procurement document. The chip bond test is performed 
as follows: 

• The inspector, using a small wire or stick (toothpick), pokes the semi¬ 
conductor, capacitor, and resistor chips to determine if they are 
securely bonded. 

• Semiconductor chip bond is secure if the chip does not pop off from 
pushing. 

A good semiconductor chip bond would result in the silicon fracturing, leaving the 
si 1 icon-to-substrate bond intact. 

For capacitor and resistor chips, the evaluation becomes more difficult. The 
definition of a failure of capacitor and resistor chip bonds must be negotiated to be 
some number of grams shear. This test is very similar to Condition F (bond shear 
for flip-chips) of Method 2011 of MIL-STD-883. 
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4.2.1.:5 T emperature Cycling 

Item 6 in Table XT I, temperature cycling for Class B and C devices may be 
replaced by thermal shock, Method loll of MIL-STD- 32, Condition B (minimum) in 
accordance with Item 5. 

4. 2. 1. 4 Reverse Bias Burn-In 

The requirement for cooldown under bias is recommended, and the parts must be 
tested within 8 hours after removal of bias. The reverse bias burn-in of Item 11 is 
required only when specified in the applicable procurement document, and is recom¬ 
mended only for discrete diodes; transistors and capacitors; and certain MOS linear 
or other elements in the hybrid microcircuits where surface sensitivity may be of 
concern. 

4. 2. 1. Electrical Measurements 

4. 2, 1. 5. 1 Interim Electrical Parameters 

Electrical testing must be performed as indicated in Items 8 and 10 , to remove de- 
ective devices prior to further testing, or to provide a basis for application of percent 

defective allowable (PDA) criteria when a PDA is specified. This test need not include 
all specified device parameters, but must include those measurements that are most 
sensitive to, and effective in, removing electrically defective devices. When delta 
imit measurements are required, they must be specified in the applicable procure¬ 

ment document and included as interim electrical measurements. When delta limit 
measurements are specified, the procedures for device traceability must be specified 
in the applicable procurement document. 

4. 2. 1. 5. 2 Final Electrical Measurements 

Final electrica! testing of microcircuits assures that the microcircuits tested meet 
the electrical requirements of the applicable procurement document. It must include 
as a minimum, tests of all parameters and limits and conditions of test which are 
specifically identified in the detail specification or drawing as final electrical test 
requirements. 

4. 2. 1. 5. 2 Functional Test(s) 

Functional test(s) must be performed as specified in the applicable procurement 
document; and, when applicable, must consist of measurement of the relationship between 
inputs and outputs contained in the truth table(s). Measurements and sequence of test 
must be specified in the applicable procurement document. 
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4. 2. 1.5.4 Data Reporting 

Data must be reported as required by the applicable procurement. 

4. 2. 1. 5.5 Failure Analysis. 

When required by the applicable procurement document, failure analysis of devices 

rt“Íng atly teSt Ín the screenillS sequence must be accomplished in accordance 
mth Method 5003 of MIL-STD-883. Requirements for such analysis should, in general 
be limited to sufficient examination of devices to establish primary modes or mecha¬ 
nisms of failure, and provide corrective action information. 

4. 2. 1. 5. 6 Defective Devices 

All devices which fail to comply with the requirements of any screen, or of the 
applicable procurement document, must be removed from the lot. Once rejected and 
verified as a device failuie, such devices must not be retested for acceptance. 

4. 2. 2 LOT QUALIFICATION 

QQo T^e*uU:!liflCati0n’ °r quality conformance inspection, tests specified in MIL-STD- 
883, Method 5005, are normally performed by the microcircuit manufacturer Delco 
Electronics prefers to perform these lot qualification tests in-house to assure better 
control of the lots. Delco negotiates the lot rejection criteria with the manufacturer 
and, when there is an unscreenable failure, the lot is returned to the supplier for 
scrapping. It is therefore recommended that the lot qualification be directed "to be 
performed by the user where the manufacturer obligates himself to accept return of 
the lots that fail. " 

ThP ™leS MX Sh0W recommended Group A and B tests for lot qualification. 
The recommended Group C tests are those stated in Method 5005 of MIL-STD-883. 

fpnHpTHhte qua1“ uRd quality conformance inspection procedures shown are in- 
tended to assure that the device and lot quality conforms with the requirements of the 
applicable procurement document. The full requirements of Group A B and C tests 

ln,ended f0r USe in in“ial ^ Qualification, «qualification iR18 
the event of product or process change, and periodic testing for retention of qualifica¬ 
tion Group A and B tests and inspections are intended for quality conformance in¬ 
spection of individual inspection lots as a condition for acceptance for delivery In 
general it is intended that the device class to which qualification or quality conformance 
inspection is conducted be the same device class to which screening procedures are 
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The Group A tests in Table XVIII are divided into two subgroups. Item 1 includes 
all the electrical tests at 25°C, and Item 2 includes all the electrical tests at the maxi¬ 
mum and minimum rated operating temperatures. The static, dynamic, and func¬ 
tional tests are tests that can be programmed on an automatic microcircuit tester. 
If the lot fails the Group A LTPD test level for the respective class, the lot must be 
100 percent screened to eliminate the faulty devices. 

The Group B test sequence in Table XIX, which is quite different from that in 
Method 5005 of MIL-STD-883, has proven to be very effective in testing parts at Delco 
Electronics. The Group B test order should be precisely as shown in the table. The 
parts and initial electrical data for Group B should come from the Group A parts. 

4. 2. 2. 1 Class A Lot Qualification Inspection Levels for Group B Tests 

The sample size and inspection levels for the Group B tests for Class A parts 
should be as follows: 

• For Items 1 through 9 in the table, the sample inspection should be to an 
LTPD of 7, with a maximum acceptance number of zero for lots of greater 
than 200 parts. For lots of 200 parts or less, the sample size should be at 
least 12 percent of the lot, with a minimum sample size of 12. 

• For Items 10 and 11, the sample size should be one-half of the sample 
from Items 1 through 9, with one allowable failure. For example, one 
bond failure would allow acceptance of the lot; two bond failures would be 
cause for rejection; or one bond failure and one visual failure would con¬ 
stitute a reject. 

4. 2. 2. 2 Class B Lot Qualification Inspection Levels for Group B Tests 

The sample size and inspection levels for the Group B tests for Class B parts 
should be as follows: 

• For Items 1 through 9 in the table, the sample inspection should be to 
an LTPD of 10, with a maximum acceptance of zero for lots of greater 
than 200 parts. For lots of 200 parts or less, the sample size should be 
at least 10 percent of the lot, with a minimum sample size of 10. 

t For Items 10 and 11, the sample size should be one-half of the sample 
from Items 1 through 9, with one allowable failure. 

4. 2. 2. 3 Class C Lot Qualification Inspection Levels for Group B Tests 

The sample size and inspection levels for the Group B tests for Class C parts 
should be as follows: 
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• For Items 1 through 9 in the table, the sample inspection should be to an 
LTPD of 15, with a maximum acceptance number of zero for lots of 
greater than 200 parts. For lots of 200 parts or less, the sample size 
should be at least 7 percent of the lot, with a minimum sample size ef 7. 

• For Items 10 and 11, the sample size should be one-half of the sample from 
Items 1 through 9, with one allowable failure. 

4. 2. 2. 4 Disposition of Lots 

Lots which pass the Group A and B tests should be considered suitable for use 
at the respective class parts or below. Lots which fail the Group A tests may be 
screened to eliminate the out-of-specification units. Lots which fail the Group B 
inspection should be rejected. The failures in Group P inspection should be failur 
analyzed to define the failure mechanism, and action should be taken to correct the 
problem. 

On lots which pass the lot acceptance criteria of Grorps A and B, the unopened 
samples which meet all the procurement documents could be used for production. 

4.3 SOURCE INSPECTION 

Delco Electronics-Milwaukee Operations dispatched engineers, experienced in 
microcircuits, out in the field to serve as source inspectors at the microcircuit 
manufacturers' facilities early in 1970. The resultant experience proved to be a 
great aid in obtaining the level of quality and reliability required in Delco hybrids. 
During this source inspection, the experienced engineers monitored the manufacturer 
during his processing of Delco parts, and provided the foundation of a negotiated 
agreement to perform precap internal visual inspection on all products to assure that 
they would meet the proper criteria (which was basically the precap internal visual 
inspection requirements of MIL-STD-683, Method 2010. 1). These personnel also 
made available a Delco representative to assure that the specification requirements 
were read and correctly interpreted, and that the product was furnished in accordance 
with the proper requirements. Due to the relatively high turnover rate of personnel 
in the semiconductor industry, these resident source inspectors also provided contin¬ 
uity in the supplier's attention to Delco requirements, thereby creating another possible 
avenue for maintaining qualification of a supplier on high reliability programs. 
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4. 4 COST FACTORS FOR SCREENING AND LOT QUALIFICATION 

The costs attributable to screening and lot qualification of hybrid microcircuits 
are complex, interrelated, and hence difficult to establish. Prices vary substantially 
with business trends, competition, potential and present volume, attitude of hybrid 
salesmen, attitude of hybrid manufacturers, fallout of hybrids during screening, cost 
of hybrids, actual test costs, and other subtleties. For example, if a manufacturer's 
test facilities were not being fully utilized, his screening costs would be lower since it 
would be unnecessary to procure additional screening facilities. Similarly, if a manu¬ 
facturer knew that he was the sole source of supply for a particular hybrid, his 
screening costs should be expected to be high. 

Screening and lot acceptance costs would be high if a manufacturer knew that the 
user would be performing incoming inspection tests to monitor the effectiveness of 
the manufacturer's testing. The screening and lot acceptance costs would also be 
high if the manufacturer has poor process control, which would ultimately result in 
higher fallout in screens. 

Therefore, any breakdown of screening and lot qualification costs would have 
little meaning or application, especially for hybrid microcircuits which vary in com¬ 
plexity from very simple types to very complex circuits embodying materials from 
many sources. Of more meaningful value would be an indication of the time it takes 
to test hybrid microcircuits, as reflected in the experience of Delco Electronics. 

4.4.1 COST DEFINITION 

It is important to realize that the costs of screening and lot qualification de¬ 
scribed herein are not necessarily costs "in addition to overall costs" of the system 
using hybrids. Properly controlled screening and lot qualification ultimately result in 
lower system costs due: 

1. Decreased time in troubleshooting assemblies and replacing defective 
parts to get the system operating after the hybrids are installed. 

2. Fewer callbacks and returns for warranty repairs. 

In a program having reliability requirements (which must be achieved or the sys¬ 
tem must be repaired without charge), the use of screening and lot qualification is 
necessary to hold dow:: overall system costs. Therefore, the indicated costs for 
screening and lot qualification should be regarded as "investment costs" which will 
ultimately be recouped as fewer faulty hybrids get into assemblies. 
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4.4.2 COST VS. LOT SIZE 

Tables XX and XXI are compilations of cost factors for Screen Tests and Lot 
Acceptance Tests, respectively. The "cost factors" are estimates of equip < it se 
time and the time it takes to perform the respective test. After the hybrid ha.- ’ jn 
hermetically sealed, the estimates are based on performance of all the screens 
(other than fine and gross hermetic seal testing) with the hybrid in a carrier, which 
protects the leads from damage and promotes ease in handling. The estimates in 
Table XX were based on the screens proposed in Paragraph 4.2.1. 

As expected, the unit costs of screening and lot qualification are considerably 
less when devices are processed in volume. The costs of screening up to 50 parts are 
little different than for 100 parts; whereas, the screening of thousands of parts requires 
equipment to handle the parts more efficiently but ultimately results in decreasing cost 
per part. 

Highest costs in lot qualification are incurred on lots of less than 200 pieces; 
whereas, for lots greater than 200 prices, increasing the lot size has no added effect 
on lot qualification cost (provided that the lots pass the tests). It is advantageous to 
strive for maximum inspection lot sizes, as defined in MIL-M-38510, to reduce the 
overall number of lots to be qualified. No attempt is made to incorporate added costs 
due to fallout in the tables. It is assumed that facilities are in existence and avail¬ 
able to perform the lot qualification tests. As indicated in Table XXI, the lot qualifi¬ 
cation cost elements for all reliability classes are the parts which are tested and not 
used in production (destructive tests), the facilities used, and the man-hours expended 
in performing the qualification tests. 

4.5 VENDOR QUALIFICATION 

Procedures for establishing hybrid microcircuit vendor qualification, including 
specific requirements for test and analysis facilities, product traceability, error 
determination, and failure mode data accumulation, are the same as those for mono¬ 
lithic integrated circuit vendors, except that the emphasis must now be on the additional 
materials comprising the more complex hybrid microcircuit. That the hybrid is more 
complex makes it all the more important that the user assure himself that the manufac¬ 
turer has a good quality control program. It is also important that the manufacturer 
have a well documented and controlled fabrication process. 
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Table XXL Lot Acceptance Test Cost Factors for 3 Class Levels of Part Reliability 

TEST DESCRIPTION TYPE OF 
SAM PLING 

RELIABILITY 
CLASS LEVEL 

COST ELEMENTS 
PARTS NOT USABLE 

IN PRODUCTION 
HOURS TEST EQUIP 

IS IN USE 
MAN-HOURS 
REQUIRED TO 
PERFORM TESTS 

GROUP TYPE 
LOT 
SIZE 

1 SAMPLE 
SIZE 

TESTED FOR 

Group A 
Electrical 
Testing 

T 25*C 
Tests 

12 
12 
12 
12 

C 
B 
A 

~ 0. 5 
0. 5 
0.5 

0.5 
0 5 
0. 5 

50 
16 
25 
32 

C 
B 
A 

- 
0. 5 
0.5 
0. 5 

0. 5 
0. 5 
0. 5 

100 
20 
32 
40 

C 
B 
A 

- 0. 5 
0. 5 
0. G 

0. 5 
0. 5 
0. G 

200 

or 
more 

22 (Note © ) 
32 (Note© I 
45 (Note © ) 

c 
B 
A 

~ 0. 5 
0. 5 
0. G 

0. 5 
0.5 
0. G 

At Max 
and 
Min 
Operating 
Temp 

12 
8 

12 
12 

c 
B 
A 

- 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

50 
12 
16 
32 

C 
B 
A 

- 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

100 
15 
20 
40 

C 
B 
A 

~ 1.0 
!. 0 
1.2 

1.0 
1.0 
1.2 

200 
or 

more 

15 (Note®) 
22 (Note © ) 
45 (Note © ) 

C 
B 
A 

1 0 
1.0 
1.2 

1.0 
1.0 
1.2 

Group B 
Environmental, Mechanical, 
and Electrical Testing 

12 
7 

10 
12 

C 
B 
A 

4 
5 
0 

1*1.0 
181.1 
181.4 

3.0 
3.2 
3.5 

50 
7 

10 
12 

C 
B 
A 

4 
5 
(j 

ISl.O 

181.1 
1*1.4 

3.0 
3.2 
3.5 

100 
7 

10 
12 

C 
B 
A 

4 
5 
G 

181.0 
181.1 
181.4 

3.0 
3.2 
3. 5 

200 
or 

more 

15(Note® ) 
22(Note© ) 
32 (Note © ) 

C 
B 
A 

8 
11 
16 

182.8 
183.0 
183. b 

4.5 
4.8 
5. 6 

Total Cost Fac 
Lot Qualificati: 

12. 
7 

10 
12 

C 
P 
A 

4 
5 
6 

182.5 
182.6 
182.9 

4.5 
4. 7 
5.0 

tors for 
m 

50 
7 

10 
12 

C 
B 
A 

4 
5 
6 

182.5 
182.6 
182.9 

4. 5 
4.7 
5.0 

100 
7 

10 
12 

C 
B 
A 

4 
5 
6 

)82.5 
182.6 
183.2 

4.5 
4.7 
5.3 

200 

or 
more 

15 
22 
32 

C 
B 
A 

8 
11 
16 

184.3 
184.5 
185. 6 

G. 0 
6.3 
7.4 

NOTES: 

Q Corresponds to LTPD of 15, max acceptance number of 0 

@ Corresponds to LTPD of 10, max acceptance number of 0 

Corresponds to LTPD of 7, max acceptance number of 0 

© Corresponds to LTPD of 5, max acceptance number of 0 
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The ultimate criteria of a vendor's qualification is his ability to meet the Groups 
A, B, and C testing, as described in the optimum procedures section (Paragraph 4. 2) 
tor hybrid microcircuits. We recommend, as a specific document, the material re¬ 
ported in the Final Report, "Qualification Procedures for Integrated Devices" Volume II 
(Technical Report No. RADC-TR-68-315, January 1969), the section entitled "Vendor 
(Qualification Requirements for Suppliers of Monolithic Microcircuits" prepared by 
Philco-Ford Corporation for Rome Air Development Center under Contract A F 30 (60 2)- 
4282. These procedures are applicable to hybrid microcircuit manufacturers. 

4. 6 PRODUCT QUALIFICATION 

Detailed procedures for establishing product qualification, including specific 
method of test sample selection, sequence of tests, sample size, criteria for dequali¬ 
fication, methods for resubmission and requalifications are found in MIL-M-38510, 
"Military Specification — General Specification for Microcircuits" dated 20 November 
19(i9. MIL-M-38510 is recommended for use with hybrid microcircuits, with the 
following changes: Where MIL-M-38510 refers to Methods 5004 and 5005 of MIL-STD- 
883, it is recommended that the optimum qualification procedures in Paragraph 4. 2 
of this report be substituted. With reference to Paragraph 3. 1. 3. d in MIL-M-38510, 
defining electrically and structurally similar microcircuits, hybrids occur in so many 
different forms that few are classifiable as electrically and structurally similar. They 
have different layouts, sizes of components mounted on the substrates, sources for 
materials used in the hybrids, and equipment used in assembling. Since it is generally 
the case that hybrid microcircuits are, and will be, electrically and structurally dis¬ 
similar, as a general rule, different hybrid microcircuits cannot be qualified by 
similarity. 

Product qualification of limited usage hybrids (less than 200 devices) becomes very 
costly and cannot be performed using statistically valid sample sizes to assure a certain 
level of quality. The minimum sample sizes that must be used for product qualification 
are those outlined in Section 4. 2. 2 for Group A and B testing. Using this guideline, the 
Group A testing will often be performed on 100 percent of the samples, using the 
LTPD's called out and the hypergeometric sampling plans for small lot sizes (described 
in Appendix B of MIL-M-38510). The recommended Group B sample size is as outlined 
in Paragraph 4. 2. 2. The recommended Group C sample size is the same as those for 
the first nine tests in Group B. Additional cost savings may be achieved by combining 
subgroups 1, 2, and 3, and subgroups 5 and 6 in Group C to restrict the sample size. 
The Group C rejection criteria should be the same as outlined in Paragraph 4. 2. 2 
for the Group B tests. 
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APPENDIX I 

HYBRID MICROCIRCUIT PROCUREMENT DOCUMENTS 
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SPECIFICATION CONI ROL DRAWING 
FOR MEMORY HYBRID SWITCH 
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CT 0,10) 

-C3,2 tA - £ 4 .C~A 
-03,2tA -C4_. ü^Aj^ 
- C 5,7 m A I - 6 7,7 w A |_ 

- G5,7 mA - P7.7 7 _ 

l- 
0.390V 'NOTE 6 

0.390V NOTE 8 

NOTE 9 
NOTE 9 

! 0.390V NOTE 9 
l¿CTE 9 

-C.EV :6.0V ¡0.390V 
i; •> *fr 

NOTE 0 

NOTE 8 

. c. s V ! 6_, n V 
t 6777. o7 ' ‘o.ioov N :t e e1 

TTTrv 

10 
HAND 
SECS 

5 
PT 

6.0V 

— — — 

— — •*» 

• — — 

— — — 

WE 

A 

CGI E It EMI NO 

999 74 

<r At F ■ 1 ff V LT« rintn ^ 
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ilSiCAi- jí’EClF I CAT i .',5 UúMINUED)- 

-ASr^l 
Tl3T :33.111/.: .CONTINUED) 

*¿:CC UNLESS -T íilí-'i'i ; SE SPECIFIED (NOTE 1) 

SWtfO'. r i ! P : N 

R H 2 ) 1 

R?U4) i 
1R ( 6 ) G - C 

J ! I n N C 

-45 V 
i- 

IR ( 9 ) 
GRD I-45V 

PIN 7 P :_N_ 5 _[p| N « 

-..4- I 
_J - 

PIN 101 P1N 11 P i N 12 

—4 i 
—i- 

-45V DRD 

VF (6) 
Vr r?; 

-45V IGRD 
G:;, 4. : 

4?0’nA 'CRD 
l_L(_1 .3 

,, “'Ji'.a.ñ/ 
\>-L i—-, - - 1 - — 

i NOTE 1 

. Ú i E a urtS GRS 

! : 1 NOTE 4 , GRD ■GRD 
! ¡s(4) ■ -2.0V 1 : r t i I 
115(11,12) I i ! NOTE sjNOTE 5' 

is;ii.i2) 
¡s(4) ~ -:.ov 

Tsdi.íõT ' 

NOTE 5 

ÏWu5' NOTE 7 

c:i 
<■ . N - . U 

VS■' T (T1 ,;2) 
»SAT(4) 

VSATUI ,-.0)] 

ToFFÍS.fc) 

Tofci^jlO) “ 

i:::: 

GR_D_ 

IñeT 

C 1(5,6; I - 

Ct (^,10) 

If s lo^û, 
:p~-io^a 
RECOVERED TC 

lOQ-^ 
SEE PvS 5 _ 

s I N'.Si hi j 
D.C. Bi^SIOV I — 

-I 

GRl 

I.CTE E NOTE 5 

NOTE 5 

1 
iKOTE 6'NOTE 6 

k C S'SNAL- 
OlS/pp MAX 

If * lO^A 
IR a 1A 
RECOVERED TO 
UA 
Rl = too 
SEE. Fi&. 5 
t * I MEGi Wi. 
DC.BlisS-OV 

A.C cjSMAL- 
O.lEVpp MAX 

* - ^ r r • » w I C C »3T E 6 

--: t 

;-.i 

'■ 'f t I0EN1 NO 

99974 

Sr*!! »O^F: • I* IT» H S-IIT IQ 1 
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T AEi.i: i ! w ^ E CT R1 CA L SPECIFICATIONS (CONTINUED) 

MO 

HSi Ta=’25°C j:»llss 
CONDITIONS OTHER,. 1 SE SPEC 1F 1 ED 
(CONTINUED) (NOTE 1) 

SYM5GL PIN 13 PIN 14 
INSPECTION LEVELS 

L i PD ■ VAX ACCErT. fiù. 

ALL 

Rl (2) 100,; INSPECTION 

K2(14) 4.5V 1 OC" INSPECTION 

lR(fi) 100,; INSPECTION 
1R ( 9 ) 100,-. INSPECTION 

1 R( 6) 10 3 
i R ( 9 ) 10 3 
VF (6) 1CC S INSPECTION 
Vf (9) 1C CS INSPECTION 

Il(',3,7) 100 S INSPECTION 
lid ,0,-.3) N J i £ 4 100,. INSPECTION 
Tîiï ,3,7; 10 1 3 

fTl(l,C,13) NOTE 4 1C j 3 
isTÃT lüOTTKSFÊCTIDH 

T?(l- ,12) NOTE G 0.390V 100/, INSPECTION 
1 S( 4) 10 3 
1S(11,12 ) NOTE 6 0.390 V 10 3 
ISU) 10 3 
is(11,12) NOTE 8 0.390V 10 3 
VSAT(4) 10 3 
VSATdl ,12) NOTE 8 0.390V 10 3 
VSAT(4) leer. INSPECTION 

VSATdl,12) NOTE 8 0.390V IDOS INSPECTION 

Toff (S>(ó) 15 a 

-C03 Tcfí (9,10) 15 
— 

z 
-AND 
-CD4 ' 

Ct <.s,&) 15 Z 
Ct (9,10) 15 Z 

va 

A 

coa IDCNT NO 

999 74 

SCUI roo' ( PIV i T » H SMUT 
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To .: V. 

AStA 

'iO 

t 

ALL 

J\>< I, A /, I 3T I • 

Switching 
TIMS TEST *125^ 

Ta ^ 
-55UC 

Ta - 
*25°C 

AECIFI CAT I Z'lj (Cif.T INUED) 

LIMITS 

S'TVCOl^ 

t ; ri k 4) 
*. ; r , , 1 2 ) 

11 Ü 

' t S V 4 ) 

ftc. A1 ,’2) 
I t : f f A) ^ 
! tcf UA.12) 

MAX 
4Sr SEC 

40r5£C 

142c SEC 
TTASET 
0 « p ^ r" /1^1 -.Lw 

—f- 

U- t c r T 4 ) 
1,12; 

21 0 r a L l> 

EG 
C 

! t s A ) 

*— 

A 

- a:c 
L 

1 esT SEC 

i fcUriiLL 
t rn -• L- 

, A . ' 2 _) 
t r f f 14 ) 

J.J' 
CGrl i L w 

f f ^ 11,12 ) IQjrSEC 
I t - n A ; 

As_V4)_ 

4Sr SEC 
,12) j ^ 40rSEC 

eCr.SEC 
12) . eCr.SEC 
) 
*,12) 

IZCf.SEC j 
• c uTiCi £C j 

TEST CCltDIT I UNS 
Ta= ‘25°C UNLESS 

OTHERWISE SPECIFIED 
(NOTE 1 ) 

SEE FIGURE 3 FOR 
TEST CONDITIONS AND 
WAVEFORMS 

V :f 

A 

c'.rc ioc«t wo 

99974 

VÜ A * Î 1 ‘.E MvlT» H JHtlt /2 
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DASH 

NO 

TABLE II ELECT 

SYMBOL 

ton(4) 

tond 1,12) 
tsU 

tsdl ,12) 
toff(4) 
toffU1,12) 

ALL 

tçn(4) 
tond 1.12) 
uU) — 

tsdl ,12) 
toff(4) 

toffdl ,12) 
ton(4) 
tondl.Tgy 
ts(4) 

tsdl,12) 

toff(4) 
toffdl.12) 

CTr.lCAL CrECIFl CATI QfJS (CONTINlim) 
TEST Ta:-25°C UNLESS 

CCNLITlSNS CTHER.ÏISE SPECIFIED 
(CONm.ED) (NOTE 1) 
... INSPECTION LEVELS 

LTPD 

15 

see figure 3 
FOR TEST • 

CONDITIONS 
AND WAVE¬ 
FORMS 

MAX ACCEPT. NO" 

100/. INSPECTION 

ICC/1 INSPECTION 

size 

A 

CODE IDINT NO 

999 74 

SCUÏ hCs'E UrviT* »HUT /3 

123 



klQUI RAMENTS: 
1. GENERAL: 

A. INTERPRET DRAV.'ING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED EY MIL-D-1000. 

B. DEVICES SHALL BE IN ACCORDANCE WITH SPECIFICATION 
ST10ÜQ WITH CATEGORY AND MANUFACTURER'S TYPE 
DESIGNATED IN TABLE I. 

C. DEVICES SHALL BE SHIPPED IN CARRIERS DESCRIBED IN 
FIGURE 4. THE DEVICE LEADS SHALL NOT EXTEND OVER 
THE EDGE OF THE BARNES CARRIER. 

D. DEVICES SHALL BE IN ACCORDANCE WITH THE CURRENT NEGO¬ 
TIATED CRITICAL PROCESS LIST PER PARA 3.2 OF ST1000. 

2. INSrCCTlQN CY SUPPLIER: 
A. ELECTRICAL SPECIFICATIONS PER THE REQUIREMENTS OF 

ST1000 AND TABLE II. 

3. DESIGN: 
A. STORAGE TEMPERATURE RANGE: -65°C TO +150°C. 
B. OPERATING AMBIENT TEMPERATURE RANGE: -55°C TO 

♦125°C. 
C. ELECTRICAL RATINGS PER TABLE I. 
D. THERMAL RESISTANCE: 

(1) 0JC (JUNCTION TO CASEj: 100°C/WATT MAXIMUM. 
(2) 0JA (JUNCTION TO AMBIENT): 200°CÄUTT MAXIMUM. 

E. ELECTRICAL SPECIFICATIONS PER TABLE II. 
F. CASE OUTLINE AND DIMENSIONS PEER FIGURE 1. 
G. SCHEMATIC DIAGRAM PER FIGURE 2. 
H. THE PNP TRANSISTORS SHALL BE ELECTRICALLY SIMILAR TO 

A 2N3505 TRA’ S ISTOR. 
J. THE NPN iR/.NSISTQRS SHALL BE ELECTRICALLY SIMILAR TO 

A 2N3725 TRANSISTOR. 
K. THE DIODES SHALL BE ELECTRICALLY SIMILAR TO A 

1N4610 DIODE. 
L. THE RESISTORS SHALL HAVE A MAXIMUM TEMPERATURE 

COEFFICIENT OF 300 PPM/°C. 
sue 

r. 
CODE lOENT. MO. 

99974 

SCAIE KO;;e ¡BEVLTR sheet 14 
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£QU I REMEN IS : (COfJT I NÜLí ; 
4. SPECIAL CÜNDIT I ON ! 1. C BY SUPPLIER (5T100C, CATEGORY 2 

PARTS ONLY) 
A. UNITS SHALL BE V-T STRESSED FOR 168 HOURS MINI MUM AT 

♦125°C *ND THE FOLLOWING CONDITIONS: 
(1) PINS 4, 6, S, 11 ANO 12 CONNECTED TO GROUND. 
(2) CONNECT PINS 2, 5, 7, 8, 10 AND 14 TO MOV. 
(3) CONNECT PIN 1 THROUGH 2000 OHMS TO GROUND. 

UPON COMPlLTIOM OF THE. TEST TIME, THE VOLTAGE SHALL 
3E maintained uniti- the devices wave reached room 
ambient conditions, parameters» shall be measured 
WITHIN 6 HOURS AFTER REMOVAL OF THE VOLTAGE. 

SUGGESTED SOURCE(S) OF SUPPLY: 

sut 

fi 

CGDE lOENT. NO. 

99974 

SCALf HOSE 1 "tv LÎ* f-| 15 
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NOTES: 
1. POS HI VC CURRENT FLOW SHALL BE DEFINED AG CURRENT GOING 

INTO THE FIN. "V(n)" DESIGNATES A VOLTAGE MEASURED AT 
PIN (n). TEST CONDITION TOLERANCES SHALL BE ± 0.2% FOR 
ALL VOLTAGES, AND ± 0.3% FOR ALL CURRENTS. RESISTOR 
VALUES SHALL BE ± 0.1% FOR ALL TEST CONDITIONS. ALL 
TESTS ARE PERFORMED USING PULSES (NOT STEADY STATE D.C.). 

2. PULSED CONDITIONS (NOT STEADY STATE D.C.) 50% DUTY CYCLE 
AT f = 500KH7 

3. PINS 1, 3, ? TOGETHER TO +45 VOLTS. 
4. PINS 1, 8, 13 TOGETHER TO +45 VOLTS. 
5. PINS 11, 12 TIED TOGETHER AND TO -2 VOLTS. 
6. PINS 11, 12 TIED TOGETHER TO A VARIABLE RESISTOR WHICH IS 

CONNECTED TO -30 VOLTS. ADJUST THE VARIABLE RESISTOR 
UNTIL 450 mA MINIMUM FLOWS INTO PIN 8. 

7. CONNECT PIN 4 TO A VARIABLE RESISTOR WHICH IS CONNECTED 
TO -30 VOLTS. ADJUST THE VARIABLE RESISTOR UNTIL 450 mA 
MINIMUM FLOWS INTO PIN 7. 

8. 75.0 ok:.:s to +6.00 volts. 
9. TO BE SPECIFIED. 

SIZE 

A 

CODE IDENT. NO. 

S9974 
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APPENDIX IB 

SPECIFICATION CONTROL DRAWING 
FOR LADDER SWITCH AND DRIVER 

127 
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,.-294., 
rz4o 

.150 MAX- 
(2 PLACES) 

LEAL 5 

.140-.260 THE MAX DIM. IS TO 
INCLUDE GLASS OR SOLDER 
RUNOUT AT LEADS OR FINAL 
\SE«- 

INDEX MARK 
FOR P!U 1 

LEAD L> 

.OSS 
FIGURE t. CASE OUTLINE 

NOTES: 
L^ *L2 ±0.005 FOR LEADS 2 THRU 10 WHEN OVERALL 

LENGTH (L3) IS LESS THAN 0.560. 
LE AD 0 MAY BE SHORTER THAN LEADS © THRU ©, BUT 

MINIMUM DIMENSION FROM TIP OF LEAD © TO CENTER 
OF CASE 15 0.215. 
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•15 V 

( --vw 

( i- VW 

V . 
o 

RL I 20KQ 

VL RI SETI ME < 20 nSEC 

FALLTIME < 20 nSEC 

-HtdOFF 

SWITCHING TIME TEST CIRCUIT 

SIZE 
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♦ 5.0V 

-15.0VO—Q 

TO CURRENT MONITOR 
OSCILLOSCOPE 

SAM PULSE INPUT o—(£ 
AS DEFINED FOR 

td-ON & td-0FF 
MEASUREMENT. 
(REF. FIG. 3) 

ENERGIZATION 
CIRCUIT 

tT-SW = TURN-ON OR TURN-OFF CURRENT TRANSIENT 
DURATION = .1.0 p5EC MAX 

FIGURE 5. TURN-ON AND TURN-OFF CURRENT TRANSIENT 

SIZE 

A 
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NOTE: 

CARFILf- AND CLIP SHALL BE 
CAPAblE OF WITHSTANDING -55°C 
TO ♦1SO°C TEMP. RANGE WITHOUT 
DAMAGE OR DEGRADATION. 

:490- 

J_JL 
V .13S .06S_ 

.185 _E 
rrr 

1 
r-.035 

-t035 

]jmn 

PIN 1 
-.475- 

-.024 TYP 

BARNES CLIP TVPc 0ÊB-504 OR -B67-01 
BARNES CARRIER TYPE 029 -003 OF -108 

FIGURE 6 

«II 

A 

CMiiawT ao 

99974 

»ui» NON! J ■»» in l-l j mut 7 ] 
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r 
TABLE III. INSPECTION REQUIREMENTS 

EASH 
NO. PARAMETER SYMBOL LTPD 

MAXIMUM 
ACCEPTANCE 

NUMBER 
-001 

THRU 
-004 

OFFSET VOLTAGE 
(250C) 

Voi 
— 100¾ INSPECTION 

VQ2 
SERIES RESISTANCE 
(250D 

RSI 
— 100¾ INSPECTION 

RS2 
LEAKAGE CURRENT 'Cl 

— 100¾ INSPECTION •ci 
IC2 

IC2 
'TURN-ON DELAY td-ON 5 3 
TURN-OFF DELAY td-OFF 5 3 
OFFSET VOLTAGE AT 
-55°C AND ♦125°C 

v01(t) 
5 3 

V02(t) 
SERIES RESISTANCE 
AT -E5°C AND ♦125°C 

RS1(t) 
5 3 

Rs2(t) 
TURN-ON AND TURN¬ 
OFF CURRENT 
TRANSIENT DURATION 

ti-sw 5 3 

LOGIC INPUT 
CURRENT l|_ "O”^ 100¾ INSPECTION 

POWER SUPPLY DRAIN 
CURRENTS 

l£E”0” 100¾ INSPECTION 
IcC’O" 100¾ INSPECTION 

'IWV 100¾ INSPECTION 

SIZE 

A 

CODE lOENT. NO. 

99974 
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REQUIREMENTS: 
1. GENERAL: 

A. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS 
PRESCRIBED BY MIL-D-1000. 

B. DEVICES SHALL BE IN ACCORDANCE WITH SPECIFICATION 
ST1000 WITH CATEGORY AND MANUFACTURER’S TYPE 
DESIGNATED IN TABLE I. 

C DEVICES SHALL BE SHIPPED INCARR'ERS DESCRIBED 
IN FIGURE 0. DEVICE LEADS SHALL NOT EXTEND 
BEYOND THE ENDS OF THE CARRIER. 

2. INSPECTION BY SUPPLIER: 
SPECIFICATIONS PER THE REQUIREMENTS OF 
TABLES II AND III. 
DEVICES SHALL BE BURNED ¡N PER THE CIRCUIT 

AT Ta = ♦125°C FOR 168 HOURS MINIMUM. 

A. 

B. 

ELECTRICAL 
ST1000 AND 
CATEGORY 2 
OF FIGURE 4 

3. DESIGN: 
A. OPERATING TEMPERATURE RANGE: -55°C TO ♦125°C. 
B. ELECTRICAL RATINGS PER TABLES I AND II. 

CASE OUTLINE AND DIMENSIONS PER FIGURE 1. 
SCHEMATIC AND CONNl.u'MON DIAGRAM PER FIGURE 2. 
LEAD ARRANGEMENT PER FIGURE 1. 
STORAGE TEMPERATURE RANGE: -65°C TO ♦150°C. 
THERMAL RESISTANCE: 
(1) 0JC (JUNCTION TO CASE): TO BE SPECIFIED BY 

SUPPLIER 
(2) Oja (JUNCTION TO AMBIENT): TO BE SPECIFIED BY 

SUPPLIER 

C. 
D. 
E. 
F. 
G. 

size CODE IDENT. NO. 

99974 

SCALE NONE REV LTR H SHEET 1Â_ 
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SUGGESTED SOURCE(S) OF SUPPLY: 

NCTES: 
1. POSITIVE CURRENT FLOW SHALL BE DEFINED AS CURRENT GOING 

INTO THE PIN. TEST CONDITION TOLERANCES SHALL BE ± 0.2# 
FOR ALL VOLTAGES, AND ± 0.3# FOR ALL CURRENTS. RESISTOR 
VALUES SHALL BE 1 0.1# FOR ALL EXTERNAL TEST CONDITIONS. 
ALL CURRENTS AND VOLTAGES ARE DIRECT CURRENT UNLESS 
OTHERWISE SPECIFIED. ALTERNATING CURRENTS AND VOLTAGES 
ARE SPECIFIED AS RMS VALUES AND FREQUENCY IS 100 HZ 
UNLESS OTHERWISE SPECIFIED. 

2. THE -005 PART IS IDENTICAL TO THE -003 PART AND THE -OOB 
PART IS IDENTICAL TO THE -004 PART EXCEPT THE CASE 
WIDTH DIMENSION IN FIGURE 1 SHALL BE .240 TO .275 
INSTEA.D OF .240 TO .290 INCH. NOTE: DO NOT USE THE 
-005 AND -006 PART IN NEW DESIGNS. 

SIZE 

A 

CODE IDENT. NO. 
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APPENDIX IC 

GENERAL SPECIFICATION FOR SEMICONDUCTOR DEVICES 
AND ADDENDUM H (CATEGORY 2) 

141 



MIL IUI« 

Mt V. *-•! 

. OH» NOW NAME _ 

* Ai, tLLCÎRONICâ 
DIVISION OF 

OLNtHAL MOTORS 
CORPORATION 

AC SPARK PLUG DIVISION 
OiNERAL MOTORS CORPORATION 

MILWAUKEE WISCONSIN 

DATE 
10 March Í969 

CNCINEERINC DIPT. TOTAL NO. OP SHEETS 6* 

KEY 

SPECIFICATION 

NUMBER 

ST1000 

REV. 

General Specification 19 
Addendum i 9 
Addendum U H 
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1. SCOPE 

1.1 SCOPE. Oils specification covers the requirements for semiconductor devices. 

1.2 CLASSIFICATION. Specific requirements for a particular category of semlcon- 
iuctor devices are classified as follows. 

a. 
b. 
c. 
d. 

Category 1; Category 1 devices shall meet the requirements of Addendum 1. 
Category 2: Category 2 devices shall meet the requirements of Addendum 2. 
C-a.tcfi°*y ?J Category 3 devices shall meet the requirements of Addendum 3. 
Category 4: Category 4 devices shall meet the requirements of Addendum 4. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents shall form a part of this specification to the extent specified 
herein. Reference to these documents within this specification shall be construed as meaning 
the issue or revision specified in this applicable document list. When an Issue or revision Is 
not specified within this specification, (he latest issue or revision of the referenced document 
shall apply. 

SPECIFICATIONS 

Military 

MIL-Q-9858A 

MIL-S-19S00D 
Amend 5, Supp 1C, 
Change Notice 1 

M1L-C-45662A 

AC Electronics 

STldll 

STANDARDS 

Military 

MIL-STD-202C Test Methods for Electronic and Electrical 
Change Notice 1,2 A3 Component Parts 

Quality Program Requirements 

Semiconductor Devices, General Specification for 

Calibration System Requirements 

General Soedflcatlon, Levels for Nuclear Environments 

r~2 
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MIL-STD-750A Test Methods for Semicondutor Devices 

Change Notice 1 A 2 

MIL-STD-ÇHO Test Methods and Procedures (oi »ucroelectronlcs 

MlL-kTD-12C7CGA Weldable Lends for Electronic Components Parts 

2.2 ORDER OF PRECEDENCE. In case of conflict, the following order of precedence 

shall apply: 

a. Purchase Order 
b. Negotiated critical processes (when applicable) 
c. The detail Specification Control Drawing (SCD) 

d. This specification 
e. Other referenced documents 
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3. REQUIREMENTS 

3.1 GENERAL. Devices furnished under this specification shall be capable of (see 
6.2.6) meeting the requirements of Specification MIL-S-19500 with the following additions 
and exceptions Including those of the detail SCD (see 6.2.S). 

3.1.1 Marking. As a minimum, each device shall be marked with the following Informa¬ 
tion: 

a. Manufacturer's name, trademark, or symbol. 

b. Manufacturer's type designation. 

c. Date code placed on the part or Identified In packaging. The date code shall 
Identify the week the device was final sealed. It shall consist of 3 or 4 digits Identifying the week 
and year. Example: xxyy or xyy where x would be the year and y would be the week. 

d. A delta (A) or dot placed on the device after burn In when burn In Is specified on 
the detail SCD. If the device already has a dot for Pin 1 location or polarity a delta (A) or 
additional dot must be used to Indicate burn In. 

e. Polarity marking Indicating cathode end on diodes. Where a dot Is used to Identify 
diode polarity, the burn In dot shall appear either on the cathode end or In the center of the diode 
body. 

3.1.1.1 Method. Each device shall be marked using one of the following methods. The 
marking method shall not degrade the functional parameters of the device: 

a. Preferred. Permanent and legible etching, stamping, stenciling, or engraving 
on the body of the device. 

b. Alternate. Pressure sensitive adhesive labels attached to the body of the device. 
Printing on the label shnll contrast noticeably with the color of ths label. Labels shall adhere 
firmly to the device and printing shall remain legible during and after subjection of the device 
to the environmental and life requirements of this jpeciflcatlon, and after storage at room 
ambient conditions for four years. 

c. For flat packages and dual In line packages marking Is to be on the top side 
l.e., the side opposite the principle base (chip mounting base). 

3.1.2 Failure modes. The supplier shall notify the buyer of aity failure modes, potential 
or existing, that can compromise the reliability or performance of parts furnlshsd under this 
specification. Such notification shall be given either Immediately, when the failure mode(a) 
are Identified, or prior to the first shipment of the devices. 

□ 
145 



PMm list AC ELECTRONICS DIVISION 
GINIRAL MOTORS CORPORATION 

MILWAUKEE, WISCONSIN 53201 

iriCIFKATION 
MV. 

ST1000 n 

CODC IOKNT NO. *9*74 

3.1.3 Environmental and mechanical requlrementa. With the specific conditions stated 
in Table I. the environmental and mechanical requirements shall be as specified In 4.0.3. 

3.1.4 Qualification. The semiconductor devices furnls'.ted to this specification shall be 
capable of meeting the qualification requirements of Specification MIL-S-19500. 

3. i. 5 Lot traceability. The manufacturer's date code or serialization of individual 
devices shall provide lot tr ceabillty from the buyer to tho manufacturer's production lot 
(see 6.2.11). 

3.1.6 Shelf life. The devices shall be capable of withstanding shelf storage at room 
ambient conditions for four years minimum and meet the requirements of the detall SCD after 
this time period. 

3.1.7 Contamination control. The entire volume Inside the package shall be free of any 
material or residue, loose or attached which may be Injurious to or limit In any way ths per¬ 
formance or reliability of the device. 

3.2 PROCESS CONTROL. Process control shall be as specified In the applicable adden¬ 
dum. 

3.3 COMPLIANCE DATA. Compliance data requirements shall be as specified In ths 
applicable addendum. 

3.4 LEAD AND TERMINAL MATERIALE. Leads and terminals of devices processed to 
this specification shall be as specified In the applicable addendum. The leads and terminals 
shall show no evidence of twists, kinks, or other Imperfections under visual examination. 
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ST1000 D 

TABLE 1 

GROUP B INSPECTION 

SUB¬ 

GROUP! 
EXAMINATION OR TEST 

CONDITIONS 

MIL-STD-750 Method ^geçlfl^Condltloni^ 

2 

2 

2 

3 

3 

3 

3 

3 

4 

5 

6 

6 

7 

Solderablllty 

Temperatur« Cycling 

Thermal Shock 
Hermetic Seal 

Moisture Resistance 

Shock 

Vibration Fatigue 

Vibration, Variable Frequency 

Constant Acceleration 

Lead Pull (for other than flat 

packages) 

Lead Pull (for flat packages only) 

Bending Stress (for other than 

flat packages) 

Bending Stress (tor flat packages 

only) 

Torque 

Barometric Pressure 

Salt Atmosphere 

HI Temp Voltsge Stress 

Nonoperating HI Temp Life 

Operating Life 

2026 

MIL-STD-883 Method 

1010 Cond C 

1056 Cond A 
MIL-STD-202 Method 

112 Cond C or 
MIL-STD-883 Method 

1014 Cond A or B and 

C or D 

1021 

2018 

2046 

2056 

2006 

2036 Cond A 

2036 Cond A 

2036 Cond E 

2036 Cond D 

MIL-STD-202 

105 Cond E 

11041 

1031 

1026 

Specified In 4.5.3.1 of ST1000 

Transfer time 1 minute max 

0* +5*, -0* to 100* +0\ -5* 
Procedure I, II, III or IV for 

fine leak. Cond A or B for 

gross leak. Backfill pressure 

28 pslg. Min. leakage rate => 

10-6 atm-cc/sec max 

The Initial conditioning may be 

omitted. 

• 1500, 5 blows nonoperating, 

0.5 msec, orientations X^, Yj, 

Zj, Y2 Total: 20 blows 

Nonoperating 

■ 20,000, orientation Xi, Yj 

*2. Zl 
4 lb axial pull 30 sec per 4.6.3.2 

of ST1000 

12 os axial pull 30 sec per 

4.6.3.3 of ST1000 

Per 4.5.3.4 of ST1000 

2 bends psr 4.6.3.6 of ST1000 

Per 4.6.3.6 of 871000 

Per 4.6.3.8 of 8T1000 

Per 4.5.3.7 of 8T1000 

Per 4.6.3.6 of 8T1000 
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4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. Semiconductor« ftirnlahed under thla apecirioatlon ahall be capable of 
meeting the Qiallty Aaaurance Provlalona of Specification MIL-S-1&500 wlA the followli« 
addltiona and exception«, Including thoae of the detail SCO. 

4-1-1 Inapectlon ayatem requirement«. The auppller'a Inapectton ayatem ahall conform 
to the requirement« of Specification MIL-Q-9858. 

4,1‘2 Calibration ayatem requlrementa. The auppller'a calibration ayatem ahall conform 
to the requlrementa of Specification MIL-C-4S662. 

4.3 DUPLICATION OF TESTS. Thik apeclfloatlon doea not require duplication of any 
teata which may have been conducted on applicable devloea In ooq)unotlon with tha auppller'a 
Internal teetlng program. The auppller la Invitad to uae hla own Internal high reliability pro¬ 
gram to aupply parta under thla apeclflcation If auch a program Includea devloea deaorlbed 
by the applicable detall SCD. 

4.3 100 PERCENT PRECONDITIONING REQUIREMENTS. Preconditioning ahall be 
performed on all device« aa apee If led In the applicable addendum. All devloea ahall meet 
tha limita apeclfled for the preconditioning acreena, and meet the mechanical or 
electrical Umita apeclfled In the detail SCD after preconditioning 

4.4 100 PERCENT SPECIAL CONDITIONING REQUIREMENTS. Special oondltlonli« 
ahall be performed on all devlcea aa apeclfled In the applicable addendum and SCD. All devloaa 
ahall meet the Umita apeclfled In the detail SCD after apectal conditioning. 

4.B QUALITY CONFORMANCE INSPECTION 

1 Drawing compliance. Each device ahall be examined for compliance to the detail 
SCD. 

5- 2 Group A Inapectlon. The Group A Inapectlon apeclfled on the detail SCD ahall be 
performed In accordance with ihe following requlrementa. 

4.6.2.1 Characterlatlca with 100 percent Inapectlon required (critical characterlatlca). 
Characteristic« with 100 percent Inapectlon apeclfled on the detail SCD ahall be measured on 
100 pereant of the lot after completion of preconditioning and special conditioning. All devloea 
ahall meet the Umita apeclfled In the detail SCD. 

4.6.2.2 Characterlatlca with a apeclfled LTPD (malor characteristics!. Characterlatlca 
with a LTPD apeclfled In the detail SCD may be sample Inspected using the sampling procedures 
of Specification MIL-8-19500. The supplier, at his option, may use guard bands on Other para¬ 
meters, or at different temperatures, to guarantee that a specific parameter meets tha LTPD 
apeclfled In tha detail SCD without achially testing at that laval or at the speolfied conditions. 
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4.5.3 Onaug B Inapectlon. Group B inspection In accordance with Table I shall be 
defined as the environmental requirements of Specification MIL-S-19500. The testing In 
apy subgroup shall be performed In the sequence Hated. All devices shall be capable of 
withstanding the environmental requirements and meeting the electrical requ'rcmenta of the 
applicable detail SCO after being exposed to the environments. 

4.6.3.1 Solderabllltv. This teat ahall be performed in accordance with MIL-8TD-202C, 
Method 208A and ahall include all solid and stranded wires up to 1/8 Inch thickness, ribbon 
leads up to 0.050 Inches In width and up to 0.025 Inches In thickness, and lugs, tape, hook 
leads, turrets, etc, which are normally joined by a aolder operation. 

4.6.3.2 Lead pull (other than flat packages). Each lead shall withstand an axial pull of 
4 lb minimum for 30 sec. The device shall meet the hermetic seal test after this test. 

4.5.3.3 Lead pull (for flat packages only). Each lead ahall withstand an axial pull of 
12 ounces minimum, for 30 sec. The device shall meet the hermetic seal test after this test. 

4.5.3.4 Bending stress test (for other than flat packaged. The device shall be placed In 
a vertical position and an 8*0.5 ounce weight ahall be attached to the lead. The device shall 
be slowly rotated, in approximately 5 seconds to a horizontal pooltlon and then returned to the 
vertical position. The two succeeding bends shall be made In the same manner. The device 
shall meet the hermetic seal test after this test. 

4.5.3.5 Beading stress test (for flat packages!. The unit shall be held In a vertical posi¬ 
tion with a 2-ounce weight suspended from the lead to be tested. Two cycles of bending shall 
be performed, a cycle consisting of slowly moving the body of the unit 46* from the vertical In 
one direction and back 45* to the original position, taking approximately 6 seconds per direc¬ 
tion. The device shall meet the hermetic seal test after this test. 

4.5.3.6 Torque. Stud-mounted unite ahall withstand the torque specified In the detail 
SCD without resulting In the lose of the ability to turn a nut onto the stud using only finger 
pressure. 

4.5.3.7 Nonoperating high temperature life. The devices shall be stored at the maximum 
rated temperature specified In the detail SCD for 1000 hours. 

4.6.3.8 Operating life. Operation of the device shall be at the maximum rated power for 
1000 hours. The burn-ln conditions In the detail SCD may be used as the operating life conditions. 

4.8.3.9 High temperature voltage stress. Operation of the device shall be at: 

Vcbo “ 70 percent (minimum) of the maximum rated voltage for transistors. 
Vr - 70 percent (minimum) of the maximum rated voltage for dlodss. 
Ambient Temperature: +1B0*C minimum 

Operation shall be for 96 hours minimum. Upon completion of the test time, the voltage shall 
be maintained until the devices have reached room ambient conditions. Parameters shall , 
hs measured within 8 hours after removal of the voltage. I 9 
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7 tJCTLNDED PERFORMÄNGE TEST8. Semiconductor device» may be «ubleoted lo 
environment»! test», which are within the specification requirements, to assure the buyer that 
Uie devices continue to n.et the specification requirements. Tbl» testing will be oerformÍi íl 

í h ! 0,la ,lm,led 8amP,ln* **-«•• the extended perform Je t«t d^uf 
su standard lot, the disposition of that lot will be negotiated with the supplier. 

A‘L N^LLAR HARDNESS ASSURANCE TESTS. Nuclear hardness assurance tests shall 

aLTn'T' h" a, “n,p.le°i devlce8 irom each lot »peelfled In theappllcable^ddeSum 

nes.^assurRnce^eats" meet Um,t8 ln ^ deUÜ ^ ™cl«tr hart- 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL 

tv. ?;l*1 ~-avM,*"d drYlnKr Prior to packaging, all Items shall be free from contamination. 
Tins tms shall be cleaned and dried with suitable materials and methods which will not damage 

the Items. When a specific degree of cleanliness Is specified In the detail requirements the^ 
cushioning or wrap, and the bag or container Interior, used for the unit pacluuring of the ltem 
shall be a. de« or cleaner than the degree of cleanliness specified for iheufm ’ 

tect ~h^it0alPn?t<^tl0n °f lt?m’ Cu,hlon,n« •»»‘•rials or devices shall be used to pro- 
ltam ,f”m phy,lc*1 dlm“«e dur|ng handling and shipment. Cushioning or partitioning 

an^lntermedlaL»^’ Mh|*ppUotbIe; 10 prevent free «»ovement of the Item or uS pactages within 
an Intermediate or shipping container, »redded or unbounded cushioning materlalsshaU not 

5.13 Unit containerf The alee o! a rigid, semi-rigid, or nonrlgld container shall be such 
Uut a minimum amount of clearance Is allowed between the Item and die container boundaries 

ibroa.ve “L J wlth ** Uem* lt ^ noncorrosive (pH 6.4 to ÜTnTn- * abrasive, and as dry as practicable, ' 

, 5' 1‘4 --ermcdlate contalner. Items which are unit packaged by wrapolna or bv olacemtint 

prevent free movemmt fi" ,n a .rl*id contalner cushioned or partitioned to prevent free movement of the unit packages during handling and shipment. 

5.1.5 Slipping container 

8.1.5.1 Packing, Items, unit psokages, or Intermediate packages shall be packed In shin- 
ï 7 T * """ “c®ptable ^ common c*fTler, and In a manner whtah will assurTLfe deliver 

method oi ptckln* ^ Ma,gned mod*3f -»p«»»»t £!! ¿7 
ï ‘ÎT“1* UnIe8B oth»™l»» »peclflod, or when Impraotloal becausTofquuntl- 

‘ 8,belngt,h‘pp*dl 811 ltam» »•“PP«*ln 0>e »»me container shall be IdentloaU Where possible 
» shipment shall consist of parts from no more than one production lot. ** ’ 
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5,1.5.2 Enclosures. Any applicable technical data, such as special conditioning data, 
reports and instructions, shall be contained within the outer packing In separate envelopes or 
similar enclosures and properly secured to prevent free move» ant within the shipping con¬ 
tainer. If the bulk data Is such that Inclusion within the packing Is Impractical or Impossible, 
the data shall be supplied under a separate cover which Is securely attached to the shipping 
container by means of tape, tie, or adhesive. Special data peculiar to each unit may be in¬ 
cluded within each unit container. 

5.1.6 Container marking. The markings on unit, Intermediate, and shipping containers 
shall be located where they may be easily read when the packages are stacked or stored on 
shelves, and where they will not be destroyed when the package Is opened for Inspection or 
until the contents have been used. The following Is a list of the Information that shall be marked 
on unit, intermediate, and shipping containers. The Information for d, e, and Í, is required 
only when the markings are applicable to the container contents: 

a. The AC Electronics part number 

b. Item description 

c. Quantity In container 

d. Precautionary Information as required to assure the safety of the Items during 
handling or opening 

e. Identification of preservative or lubricant used, when applicable. 

f. Number of the lot, date code, batch, serial or other control number. 

5.2 DETAIL PACKAGING REQUIREMENTS 

5.2.1 Hand carry. When hand carrying or personal delivery Is used to expedite delivery 
of items, the protection afforded the Items shall be such that the Items shall be acceptable at 
AC Electronics, but the detail packaging requirements of this specification need not apply. 

5.2.2 Item packaging. The Items may be packaged Individually or In small groups. The 
unit container shall be a transparent plastic bag, or a capped rigid or a semirigid plastic con¬ 
tainer. A special conUtner may also be used such as one designed to hold a specific number 
of items and which allows for resealing the container after removal of one or more Items, or 
a multiple compartment container which allows for removal of any compartment without break¬ 
ing the seal of an adjacent compartment. Items having téads o*1 tèhnlnale'ehàll be packaged 
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b. Radial lead: Package by a«y m.l»d .1»» 1" ^ ^ 

involved. 

c. Integrated Circuits (Fist Packs)! 

,., L... .1». 100 . Package « ^ ^cvrr r»á r.Ä=u « 
equivalent magazine). 

(2) 
100 or more; Package as shown <n Figure 4. ! 
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PACKAGING METHODS FOR AXIAL LEAD COMPONENTS 

FIGURE 1 (ZU 
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PACKAGING METHODS FOR RADIAL LEAD COMPONENTS 

FIGURE 2 
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FIGURE 2 (Continued) [ 

156 



FORM 1151 AC ELECTRONICS DIVISION 

GENERAL MOTOR! COR FORATION 

MILWAUKEE, WISCONSIN 5320’i 
IFICIFICATION 

ST1000 D 

74 

PACKAGING METHODS FOR INTEGRATED CIRCUITS 
(QUANTITIES LESS THAN 100) 

FIGURE 3 QJ 
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PACKAGING METHODS FOR INTEGRATED CIRCUITS 

(ANY QUANTITY) 

FIGURE 4 
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6. NOTES 

G 1 APPROVAL OF CHANGES OR WAIVERS. The Dnly personnel authorized to give 
suppliers approval of changes or waivers to any requirement. of the applicable SCO or this 

specification are the buyer's purchasing representative. 

6.2 DEFINITIONS 

6.2.1 Buyer, buyer, as used in this specification, shall mean AC Electronics Division. 

Gene ral'Motors Corporation. Milwaukee, Wisconsin. 

6 ? 2 Sunplier Supplier, as used in this specification, shall mean an entity, e.g.. a 
vendedor SSum^upp.y.ng . p.r. .ubj.c« to .bp rP,b,rem.n.. of UU. .pPC.Hc.Uon .» 

accordance with a purchase order or contract issued by the buyer. 

6 2 3 User User, as used in this specification, shall mean an agent of the buyer that 
will Incorporate? Into .n e,nlpmcnl. Lem. fornl.h.d under thin npeelllctlon; 
no. descrito a manulacurer, vendor, or supplier lurnlsb.ng Item. In sccordsnce with Ibis 

specification. 

s n * Pur. or unit. Part or unit, as ussd In this speclílcaUon. shall mean ore piece, nr 
two or more pieces Joined together which are not normally sub)oct to dleassembly without 

destruction. 

6 2.5 Detail Specification Control Drawing (SCO). As used In this specification reference 
to a detail SCD shall mean a document or set of documents that describe an individual type of 
semiconductor device to be supplied in accordance with this specification. 

6 2.6 "Shall be capable of. "Shall be capable of. as used In this specification, shall 
mean that the part must meet the applicable requirements to the LTPD of Specification MIL- 
S-19500 but the supplier does not have to run tests other than the preconditioning requirements 
and^lsctrleslmeammements required by Urn applicable drawls, or speclitca. » oh each o. 
shlpped^to demonstrate they have me. them. For example, the supplier ma, bave adequam 
dataTrom tests on devices from the same family which are the same generic type that demon¬ 
strate that the devices of that family do meet the applicable environmental requirements 

Specification MIL-S-19500. 

6 2 7 Unit package. A unit package is the first tie, wrap, or container applied to a single 
item or n multiple thereof, or a group of items of a single part number which Involves a com¬ 

plete and Identifiable package. 

6.2.8 Intermediate package. An Intermediate package 1. an Interior container which con¬ 

tains two or more unit packages of Identical Items. 

cm 
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«• «• '• i.'anufacturing proc«.., ppome.rp 
mo.,„ semiconductor ^ ^ ,,2e the chip t. no. «.pUP««.. Is for 

£ú-tc“".n ,ÓMr.:.d" ecu,., provided .. l»vr Ido ».^ 

geometries, and polarities. 

6.Z.11 Produc.lon.-Q!. * PCoducUon -o. sdtd, be the „to. ,-n.Uv of 

produced by a m7pr^lucllon shall not exceed Ihlrty crlendar days. 
operations completed. The period of t l p „ackaBed and identified eeparately. 
Any shipment containing more than one pro U<J process control specified in 
The production lot shall be homogeneous and consist of the same i 

3.2. 

„ ufoiiitifd SOURCE Required source for the integrated circuit carrier 
BpeclQed^lB^ezTa^BenieB^Decektpment Company. 2»W. Ball,more Pibe, Uhdoume. P*. 

FC :]r 
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FORM US) 
AC ELECTRONICS DIVISION 

OCNERAL MOTORS CORPORATION 

MILWAUKEE, WISCONSIN 53301 

ADDENDUM D 

acv. 

ST1000 D 

CODI IOINT NO. 99974 

1. SCOPE 

1.1 SCOPE. This addendum covers th« requirement* for aemlconductor devices clual- 

ffad aa Category 2. These semiconductor devices are to be used la high reliability systems such 
as aerospace, missiles and other critical applications. 

2. APPLICABLE DOCUMENTS. Same as baaic specification ST1000. 



FORM mi AC ELECTRONICS DIVISION 

CENE RAL MOTORS CORPORATION 

MILWAUKEE. WISCONSIN 53201 
SPECIRICATI ON 

ADDENDUM II 
■IV. 

ST1000 D 
CODE IOENT NO. «9074 

3. REQUIREMENTS. The requirements iur Category 2 semiconductor devices shall be as 
specified In basic Specification ST1000 and as specified herein. 

3.1 GENERAL. Same as basic Specification ST100C. 

3.2 PRIX ESS CONTROL. Any article furbished to this spscll'.jatlon shall be constructed 
to the same design, using the same critical materials and processes as the first article sup¬ 
plied to this specification. Prior to fabrication of the first order, the supplier and buyer shall 
jointly review process, configuration, fabrication and material control documentation and 
agree on critical features based on the buyers application. After mutual agreement and deter¬ 
mination of the adequacy of the supplier's control, the supplier shall make no changes or 
alteration In processes, design, and materials affecting these critical areas on articles to be 
purchased by the buyer, prior to written notification of the buyer. The supplier shall provide 
the buyer with the engineering reasons and sufficient details to permit evaluation of any proposed 
change of critical processes by submitting a supplier documentation change request shown In 
Figure 1. If a change Is considered unacceptable by the buyer, he may cancel his order If the 
supplier cannot revert his production to the original configuration. SupplleT change proposals, 
If any, are to be submitted in a timely manner while open purchase orders exist. During 
periods of procurement Inactivity, description of changes shall be accumulated and submitted 
to the buyer upon placement af new purchase orders. The supplier shall assure that the design, 
manufacturing processes, materials, and sources of materials used by him and his lower tier 
suppliers are fully controlled by drawings or an equivalent system of documentation, and that 
articles to be furnished shall be fabricated In compliance with the documentation. The supplier 
shall permit the cognizant government agency, Its designated representative or the purchaser 
to review the specified documentation without compromise of proprietary rights, and to observe 
the manner In which the documentation Is Implemented within the supplier's facilities. Process 
control shall be maintained so as not to compromise reliability or circuit performance. The 
critical materials and processes shall be defined as the Information In the following paragraphs 
and this Information shall be furnished to the buyer for each part number when applicable. The 
critical materials and processes shall be documented on the critical process and documenta¬ 
tion list shown In Figure 2 and the critical process and documenUtion agreement shown In 
Figure 3. The buyers approval of critical materials and process documentation shall not con¬ 
strue that the suppliers methods, procedures or design are adequate to meet the requirements 
of the procurement documents. 

3.2.1 Critical material and processes. The following paragraphs are Intended as a guide 
as to the type of critical materials and processes which could be Included on the Critical Pro¬ 
cess and Documentation List. 

3.2.1.1 Similar type designation and case size. Devices selected or screened from manu¬ 
facturers basic type line. (Examples: E1A or JEDEC Type 2N930, 2N2805, 2N2P49, IN935, 
IN3504A, or Manufacturers Type MHM2201, SE-124K, SN5400, pa 709, etc.) (This Informa¬ 
tion will aid qualifying similar devices manufactured on the same line.) The case type (examples: 
TO-M. TO-48, TO-6, TO-100, TO-89, DO-7, DO-9, 14 lead DIP, etc.) 
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ADDENDUM II 

lUPPUCR OOCUMINTAT'ON chanci requkst 
JJ41 OIP'T. 45-M 

'*"T,,U“»«* ¡A«V. tiTT.A 
1 

OESCRIRTION Of CHANCE (SOTE: TA., 

ST1000D 
CODE IDENT NO. 99974 

SUSSS.W*’""" 

Mv. Pnom ¡to 

i 
B»TI or Mount 

° 
< 
UJ 
OC 
< 

ärawmf o. iptcl/ieationt) • pncarrmml 

• EASON FOR CHANCE 

t**tCT ON IILLINO PftICt 

^«OPOlfO 0HCAR.tM ¡ tor MO. 
MINT • 

irmàL no. 

«MtCT ON OIUVINV 

I OâTt 
I 

¡OTNCN 

□ *CC(OT.«CI OATI 

U UNâCCSOTAILI OATC 

J NON-IN T1 Oe N AN OC ACC C 
Ntt »»«T NO. atouioio 

ÕATI 

---—-_ 

km- 
_ 

SAMPLE FORM: SUPPLIER DOCUMENTATION CHANGE REQUEST 

FIGURE 1 
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ADDENDUM II STlOOO D 

FIGURE 2 5 
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ADDENDUM ü 

CRITICAL PROCESS & DOCUMENTATION AGREEMENT 
FORM SJ44 

OATK 

•UPPUlft 

8T1000 D 
Code dent No. 99974 

PAOC 

I Of 

»AMT NUMBCA 

PA AT DCICAIPTION 

AtV LtTTtA CL All 

The attached Hst of documents has been reviewed and a|reed upon by the undersiened 
purchaserfs) to control those critical features required per STIOOG 

'° Íí Ç?CÍ,,M ‘ni m,,e,ial ,he“ iocumenl« .hill b. 
mnsimltcd (o AC Electronics purchtsint department by comoletion sí t)i* 
SUPPLIER DOCUMENTATION CHANCE REQUEST. P ' "" 

TKeae chan(ea shall be contlnyally transmitted while open order* eilst 
of Inactivity, desaiption of chan|ea shall be maintained and transmitted 

AC Electronics upon placement of new purchase orders. 

Durini a period 
to 

This a|r**a.rt Is sa schnowledfement of sattsfsctton by purchasers) sad siso sa 
aiiseaent by the seller to comply with notifrcstloo of cheap provislow of perspapb 

NAMC DAT« titli 

sample FORM: CRITICAL PROCESS AND DOCUMENTATION AGREEMENT- 
FIGURE 3 

168 



FORM 1151 

AC ELECTRONICS DIVISION 

GENERAL MOTORS CORPORATION 

MILWAUKEE, WISCONSIN 53201 

ÍFECIEICATI 
-HUMBER 

ON 
AEV 

ST1000 n 
.. — 

IH,,!•?/,!'2 MaPufacturtnK procea8. Manufacturing processes Involved. (Exair.ples- Planar 

diifu!ed^h hanar*Mlt^la1, all0y’ me8a’ alloyba8e contact mesa, planar epitaxial double 

s,““n d“d- diei",r" ^ 

■OKI 8 »iu — T1^ - F,,r “““P1“ 1 ch|p 10 P’1»-vre 
ton, S,”IU th k' ' Wp 50 x 70 x 8 mll<’ 8 «Up» 20 « 30 X 5 mil. connectod as dual darllne- 

toJicatoLw^1 Ch‘P- x photomicrograph shall b. (umlnbad 

.St i,Mm ”,ed *" ^ 'ex“p-. 

“orm*“d" “ “p •" 

*lJl'»..m:7g.t^cT''t0rC°'llaC- mstallaatlon used lor contacts. (Exmnpto., 

Ml.MM^fH'MsTT The meth0d U8ed ior mounUrlS ^ chip to header (e.g. alloy bond 
glass frit, etc.). The type of mounting material used If any. 

r rrr imSyr^irr- 
alumirmTrelrSdn!CeÍ:Td' <,Pr,ng PreMUre Whl8ker 0Í n,CkeI- ^ 

etc.)3,paS8lVaUon- silicon dioxide, borosUlcate glass, varnish, 

pmSSm^tfr "M™ U,,d' (E’“mPl'!''' N'''P* ““'P“' P VP« ■'•Ho»". Ptyp« 

^ 2-,1, \\ Hf-rmetlc seal test, fln-llne) Type of hermetic seal tests used for gross leak 
.ind fine leak testing. (Examples: Gross leak; units backfilled with helium at 30 Jsl for 30 

”, ,Ubrr‘n m,neral 0Ü 8t +10°‘C- 'Xam,n6d und" 40x magnification Er evidence 
fe bubbles. Fine leak: Radlflo leak test; units are backfilled with tracer gas at 100 osl for i 
hour, prior to the fine leak test. Per MIL-STD-883, Method 1014, Test Conditions B ànd C* 

^in,p,e“0"d”“""“ 
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AC ELECTRONICS DIVISION 

GENERAL MOTORS CORRORATION 

MILWAUKEE, WISCONSIN 53201 

ADDENDUM H 
_RUMAU_1_ncv. 

ST1000 

CODE IDENT NO. 79974 

3.2.1.14 100 percent preconditioning requirements. 
conditioning (4.3) as performed by the supplier. 

Description of the 100 percent pre- 

3-2.1.15 100 percent special conditioning requirements. 
special conditioning (4.4) as performed by the supplier. 

Description of the 100 percent 

3.3 COMPLIANCE DATA. The supplier shall keep on file for 3 years a copy of the data 
which was used to determine that the lot Is capable of meeting the requirements of Specifica¬ 
tion MIL-S-19500. This data shall be from devices of the same generic type (see 6.2 10 of 
• T1000). However, the data need not be from the Individual devices In the shipment 

J. 4 LEAD AND TERMINAL MATERIALS. Leads and terminals of devices processed to 
this specification shall be solderable In accordance with the requirements of MIL-STD-750 
Method 2026 and 4.5.3.1 of Basic Specification ET1000. 
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fo#m nsi 

general motors corporation 

MILWAUKEE, WISCONSIN 53201 

4. QUALITY ASSURANCE PROVISIONS CODE IDENT NO. W74 

4.1 GENERAL. Same as basic specification ST1000 

DUPLICATION OF TESTS. Same as basic specification ST1000. 

4.3 100 PERCENT PRECONDITIONING HEOUIHFMFMtc ri, r ,, 
shall be performed on all devices in the order specified precRnd‘“c'“"K 

Uon."^ be S"biCC,ld “ 
docan,»« .. . par, «.c cr ícâl 0™" . a sta11 »' ™RO«»tdd and 

a. A minimum of ten cycles shall be performed. 

the limits of theextrenvc to^hld^u^as^een1 subject«?^ U shln^'^ " temperaturc wlth‘n 
time of 10 minutes minimum. ' h ve an addltlonal exposure 

m,n,m™4,nîSS-.lî,UMÎLV St'd-'S' M‘ “nSlan' »' “•»»»d 
cylindrical p.ck,gcd. ^^Sedtr; “à, 'V"'“8 
packaged axial lead diodes shall be accelerated in the X or Z dír^h1 ?• Cyllndrlcal 
high impact shock test of 25,000g minimum, with a pulse width of 1^ aOrníctZonlís.1 ^ ^ 

be »cceleratedirfc^Z^TrSor^ce wfjM^L-STD-883^8 Method ParCkageB <,ha11 
or X-rayed In accordance with MIL-STD s»a m «. j oca ’ ^edlod ^00. . Condition D 

packages with loose chips. Copies of ra^a^re notUZe" 10 tt,, 

NOTE: lZLaT aCCie,erajt,0n may not advisable on some hybrid 
circuits due to lead dress, therefore X-ray would be required. 

for thUtJpe^diZtä Í eZusUc or" th,>n BlaS9.Cascd dlodes and devl«B with no cavity 

a. Fine Leak - Per MIL-STD-683. Method 1014 Test Condition A or n 

.: S^r810-6" 10li' T-ÄnAC.rB- 

(1’ ^'n m*Vr fv' nlirvnn0"20^ ^ U2' f“'Cndltlcn C, Procedure , H, in, or IV. Backfill pressure shall be 28 pslg minimum 
(2) Gross Leak - Per MIL-STD-202. Method 112. Teft Condlt.on'A or B 
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F Mm nsi AC ELECTRONICS DIVISION 

CINE RAL MOTORS CORPORATION 

MILWAUKEE, WISCONSIN S320) 

SMCinCATIOM 

hUMati 
ADDENDUM II LT 1000 

REV 

cm 
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AC ELECTRONICS DIVISION 

GENERAL MOTORS CORPORATION 

MILWAUKEE, WISCONSIN 53201 

SRECIPICATIOM 

ADDENDUM II 

NUMBER REV. 

STlOOO 

COSE IDENT NO. 999/4 

4l3-8 Hermetic seal (glaas caged dlodea only). All diodes shall he subjected to a seal 
teat to assure a leakage rate no greater than 10*8 atm-cc/sec. The test method shall be 
approved by the buyer. 

4’3,7 Hermetic seal (devices with no cavity such as plastic or odo.-qt cased semiconductor!. 
All devices shall be subjected to a seal test. The test method shall W. approved by the buyer. 

4.4 100 PERCENT SPiSCIAL CONDITIONING REQUIREMENTS. All devices shall be sub¬ 
jected to special conditioning as required on the Individual SCD. 

4*4-1 High temperature voltage stress. When required on the SCD. all devices shall be 

subjected to a high temperature, reverse voltape stress for 96 hours minimum under conditions 

specified on the SCD. After the devices have been subjected to the specified hours of stress, 

the voltsge shall be maintained until devices have reached room ambient conditions. Parameters 
Specified on the SCD «hall be measured within eight hours after removal of voltage. 

4.4.2 Burn-In. All devices shall be subjected to an operational burn-ln for 168 hours 
minimum under the conditions specified on the SCD. 

4.5 QUALITY CONFORMANCE INSPECTION. Same as basic specification ST1000. 

4.6 TEST SURVEILLANCE. Same as basic specification ST1000. 

4.7 EXTENDED PERFORMANCE TESTS. Same as basic specification ST1000. 
4.« NUCLEAR HARDNESS ASSURANCE TESTS. This paragraph not appUcable. 

5. PREPARATION FOR DELIVERY. Same as basic specification ST1000. 

6. NOTES. Sams as basic specification STlOOO. 
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APPENDIX II 

DETAILED TEST DATA 
FROM 

INCOMING INSPECTION AND EXTENDED PERFORMANCE TESTS 
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APPENDIX III 

DETAILED rl ESI DATA 
FROM 

VERIFICATION PHASE SCREENING TESTS 
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VERIFICATION PHAGE TESTING 
FOR HYBRID CIRCUITS CONTRACT 

WITH RADC PER MIL-STD-8Ö3, MliTHOD 3004 

TEST GROUP NUMBER: _1_ PART TYPE: MEMORY HYBRID SWITCH 
SUPPLIER : A- 

QUANTITY: W5 s/N: 1 -, 443 

RECEIVED : MARCH 1970 "DATE CODE: 7000 

Class "C" Screening 

EXTERNAL VISUAL 

INSPECTION & 

SERIALIZATION 

¿_ 
ELECTRICA 
+25°C, +1 

V.. ... . . 

_* 

L TEST AT „ 
25°C & -55°c 

GROSS SEAL TEST 

r— -. _ f 

HIGH TEMPERATURE 
STABILIZATION 

..> f 

electrical 

Place serial numbers on all samples and look for 
visual rejects at same time. 
Q'TY 448 

QTY FAIL _3_(0.6t$) S/N's 6, 24l, 423 
External lead missing 

GO NO-GO testing and data log failures 

TOTAL QTY +25°C 44¿ QTY FAIL 25°C I30 (29.2/0) 
S/N's Too many to list 

TOTAL QTY -55°C ¿L5 QTY FAIL -55°C 0 

TOTAL QTY +125°C 315 qrY FAIL +125°C 9 (2.85/) 
s/N’s.36, 59, .83, 132, 198, 205, 225, 3êfc424 

Per MIL-STD-883, Method 1014, Condition C, Step 2 
TOTAL GROSS SEAL TESTED 306 
QUANTITY FAIL J^(0.33/) s7iF223 
Initial failures up to this point were retunned 
to the supplier for replacement. 
TOTAL INITIAL FAILURES 143 (32/) 

Per MIL-STD-883, Method IOO8, Condition C, 
48 hrs minimum @ +150 C 
QTY 30^ 

GO NO-GO data log failures. Test in Dept. 32-38 
with RADC Programs. 

TOTAL QTY 305 QTY FAIL 2 (O.66/) 
S/N’s 121xJ36, 310, 370. 386 

S/N's 121, 236, 310 marginal switching times 
but over maximum limit. 4 
S/n's 370, 386 fail switching time\maximum 
limit. 
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TKGT GROUT5 NO. 1 

i 
I 

Per MIL-STD-ÖÖ3, Method 1010, Condition C, 
10 cycles, -Ó5°C to +150°C. 
Transfer tjjne less than 1 minute. 
«TY 3O5 

GO NO-GO data log failures 
TOTAL yfTY 305 TOTAL (¿TY FAIL 2 
(¿IT NEW FAIL 0 ~ 
5/n's 370*. 38P~ 

Per MIL-STD-Ö83, Method 2001, 30,000 G 
Q3T ¿05 

Per MIL-STD-883, Method 10l4, Condition A and 
Condition C, Step 2. GO NO-GO fine leak rate 
limit 1 X 10-7 ATM cc/sec. 
TOTAL CJIT SEAL TESTED ¿O5 
m FAIL FINE 7 (2.3$) 
s/n's 38, 45, ÏÏ57 no, 278, 281^ 313 
OTY fail gross 6 (1.98$) 
s/N's 38. 45, tóTiio, 281. 313_ 
s/n 110 removed from test. Exploded in Gross Seal. 

Data log all units. 
TOTAL QTY 304 TOTAL QfTY FAIL 8 
qtTY NEW FAILURES _3_ (l.01$) 
S/N's 38, 121», 175, 236*, 3IO*j 319, 370^ 386* 
S/n's 38, 133, 175, 319 removed from test. 
S/N 38 loose ceramic substrate 
s/n 133 could not confirm failure. Part OK. 
s/n I75 external lead off. Another lead badly 
twisted. 
s/n 319 loose gold ball bond to aluminum metal- 
ization on transistor 

End of Class "C" screening procedures per MIL-STD-883, Method 5004. 

Total fallout ]¿4 = 34.4$ 
ÏÏ4Ü’ 

♦Failed earlier test. 

Fallout without initial failures = 11 
305 

3.6$ 
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TEST GROUP NO. 1 

Beginning of Class "B" Screening per MIL-STD-883> Method 50014- 

BURN-IN 
Ta = +125°C 

I68 HRS 

. ____Î l..... 

ELECTRICAL 

> * 

Rrr MIL-STD-883, Method IOI5, Condition D 
QTY 3OO 

Data log all units. TOTAL QTY 299 
TOTAL QTY FAIL _8_ QTY NEW FAILURES _3_( 1.02^) 
S/N's 121», 201, 236», 255, 310*, 3^9, 37Q*j 3861 
S/N 3^9 removed from test. 
S/N 201 diode teverse current increased over 
maximum limit. 
s/n 255 circuit leakage current increased over 
maximum limit. 
s/n 349 transistor Qg collector-emitter short. 

End of Class "B" Processing 

Total fallout to obtain Class B processed parts 15T = 35$ 

Total fallout excluding initial failures l4 = 4.6$ 
305 

Beginning of Class "A" Processing per MIL-STD-883, Method 5004 

Liquid to liquid TOTAL QTY £99 
Per MIL-STD-883, Method 1011, Cond. C, 
15 cycles, -65°C to +150°C 
S/N 31O* Pin 8 missing 

386* Pin l4 missing 

GO NO - GO data log fails 
TOTAL QTY £29 
QTY FAIL 2 
S/N's 201». 370» 

Per MIL-STD-883, Method 2002, Cond. F, 
Y-i Axis, One Shock, 20,000 G Peak 
TOTAL QTY £21 
QTY DAMAGED £¿ (8.42$) 
S/N's 9i 35j 214,218, 
240, 254. 285, 303, 314^31Jx.J36, 343, 3^351, 
364, 388, 408, 439,. 446. 
Failures removed from test. 
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test group NO. 1 
_. 

electrical 

GO NO-GO Data Log Fails 
TOTAL QTY 272 TOTAL CTY FAIL 27 
CTY NEW FAILURES 2k (Q.93%) 

s/n's 108 » g 267 ~ 2:19- 
217i 222j 230, 231, 232, 245, 2^2, 25Ö, 267J 79i 

frT«', ¿it 222, 
230, 231, 245, 252, 258, 267, 279, 291, 293, 323, 
S38 355, 426, 432 removed from test. 
S/n’s 55, 231, 291, 338 ceramic substrate broke in 

two and one piece loose. 
g/n's 96. 323 loose ceramic substrate. 
s/N's 78, IO8, 154, 267, 279, ^32 loose Au wedge 
bend to thick film conductor on substrate. 
g/m'c? 126 252 loose transistor chip. 
S/N'S 176, 217, 222, 230, 245, 252, 258, 293, 355, 
426 loose Au ball bond to semiconductor chip. 
s/n 232 switching time over maximum limit. 

ACCELERATION 
Y2 AXIS 

Per MIL-STD-883, Method 2001, 30,000 G Y2 Axis, 

Cond. E 

G/I*s 217^cover off when removed from carrier 
S/N 49 cover off after acceleration. Parts re¬ 

moved from test. 

ELECTRIC AI, 
GO NO-GO Data Log Fails 
TOTAL CTY 246 TOTAL OTY FAIL 

qTY NEW FAILURES _5_ V2*06^ MlA 
T42r 210. 249T32L 

I/N's 14^210^2^9, 327, ^ removed from test 
g/n's l42, 210, 448 lead from Pin 12 drooping 
down and shorting to thick fiLn conductor going 

to Base of 02- , 
S/N 249 Pin 13 lead wire bonded in wrong place t 
thick film conductor causing lead to short to 

Pin 12. 
s/n 327 loose ceramic substrate. 

_i_ 
BURN-IN n 

TA = +125 c 
72 HOURS 

T 
V 

Operating Life with Loads per MIL-STD-883, 

Method 1015, Cond. D 
TOTAL QJTY 24l 
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GROUP NO. 1 

_L_ 
electrical 

reverse bias 
burn-in 

ELECTRICAL 

ACCELERATION 
Yl AXIS 

FINE & GROSS 
SEAL TEST 

Data Log 

TOTAL Q£FY FAIL 

0 
TOTAL QTY 239 
oty new failures —_ x 
g/^t'c pm*t 2^6», 292_t-JI2i 

X s/n 292 has a broken package 

72 Hours @ tl25°C Per MIL-STD-883, Method 1015, 

Condition A 
total m 238 

ÇP’Y NEW FAIL ±_ .70* 

over the 
^l^ll-lt. swit<:hlng tlJ1M over the maxi«. 

S/S“'l31, 363 diele reverse current over 

maximum limit. 

Per MIL-STD-883, Method 2001, >*0,000 G, ÏJ. Axis 

ÄfL-riff «hen removed from carrier. 

Per MIL-STD-883, Method 1014, Cond. A and 

TOTAL CA2 m Äf FAIL ^ 

GB0SS«n ¥00 T(W FWL - qjTY NEW FAIIURES lOO jM-W) i.o, kg*. k6*. 

lftQ -no 1?0. 121, 123x121,. 

iTSxJSP-^^H^1^^- 2S. 'Í5¿l33ÍllÍ 



1 

TEST GROUP NO, 1 

--_ 

ELECTRICAL 

i 
X-RAY 

\ / 

L. 

EXTEP 
VIG1 

mSPEC'' 

GO NO-GO Data Log failures at 25°C. -55°C +l?S°c 

TOTAL, QTY 237 TOTAL QTY FAIL +25¿C ' 23 
OTY NEW FAILURES 20 (8.6$) ~ 

sT1i-27i ^-Ul», 13^ 149, 152, 
i 2091 233, 26l. 273. P83* 307, 356,, 362 

363*, 3Ö0, U27j 438,.(42 3 ^ 
S/N 14, 52, 71, I27, I3L wedge bond to thick film 
conductor open. 

«o’^’ 4¾1 kkl’i152’ l63’ 233’ 307’ 356 ' 3&' Z0' loose ceramic substrate. 
S/N 261 loose gold ball bond from A1 metalization on 
semiconductor chip. 
S/N 273 loose transistor chip. 
o/n 209 circuit leakage current over maximum limit 
OPT NEW FAIL -55°C 5 (2.35$) 
S/N’s ,Zh± 298, 305, 376. 413 
S/N 216 cover fell off. 

c/IÍ saturation voltage over max. limit . 
wN 376, 413 switching time over max. limit. 
TOTAL QTY FAIL +125°C 11 
QTY NEW FAIL _8_ (3.85$}“ 

iTO^-gy 1I¿' 1TT| 209*- 320' ^ 

wtTiT 177, 209, 320, 357, 367, 370, 447 fall 
current source test limits. 

q/IT^c1?' ;L21, 370 fail switching time limits. 
o/n 105 loose ceramic substrate. 

MIL-STD-883, Method 1012 
Pãj QTY 20 QTY FAIL 0 

c MIL-STD-883, Method 2009 
3TAL QTY 113 QTY FAIL 0 

Fiid of Class .reening 

Total $ Fallout due to all processing 7^.5$ 
Percent Ffcllout excluding initial failures 62.3$ 

V 
EPT SAMPLE 

T Quality Conformance Inspection 
J Sample Size 38 

TOTAL QTY 38 
s/n s 5; 12, 13, 28, 53« 56. 60. 8? 8q qo oA 

^ w*21?* 2v,f 299, 332# 333> 3¡í°> 365, 3¿gijllx. 377, 382. 394 
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TEST GROUP NO. 1 

I 

Per MIL-STD-883, method 1010, Cond. C, 
10 Cycles -65 C to +I50 C. 
TOTAL QTY 38 

U8 hours @ +125°C per MIL-STD-883, Method IOI5, 
Cond. A 
TOTAL QTY 38 

Data Log 
TOTAL QTY 38 
QfTY FAIL _1_ 
S/n 60 transistor Q2 shorted causing base lead 
to burn open. 

I68 hours @ +125°C per MIL-STD-883, Method 1015, 
Cond. D. 
TOTAL QfTY 37 

Data Log 
TOTAL QTY 37 
QTY FAIL 0 
S/N’s 

Per MIL-STD-883, Method 2001, 40,000 G, Yx Axis 
TOTAL QTY 37 

Pull per MIL-STD-883, Method 2004, Cond. A 
(5 parts) 
Lead No. 1, 3, 5, 11, 13 
S/N's of Parts 12, 28, 251, 3^0, 382 
QTY FAIL 0 

Bend per EPT-8OO on 5 parts 
Lead No. 2, k, 6, 8, 10 
S/N's of Parts 12, 28, 251, 3^0, 382 
QTY FAIL 1 

▼ S/N 28 leaüTTJ came off 
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TEST GROUP NO. 1 
1 

FINE & GROSS I 
SEAL TEST . 1 

_3 

ELECTRICAL | 

> ¿__ 

INTERNAL I 
VISUAL 1 

DISPOSI 
Lfl 
TION OF 

> f 
TO S TOCK 

Per MIL-STD-883, Method lOlU, Condition A and 

Step 2 of C 
TOTAL QTY FINE 37 QÜ'Y FAIL _i_ 
S^N 

TOTAL OTY GROSS 37 QTY FAIL 8 
s/n;b 1?. 28*. 9^7 183. 2U8, 251^332,..368 
S/N 28 lead 6 also fell off 
X S^N's 12, 28, 251 were subjected to lead bend & 
pull. 

Data Log 

TOTAL QTY 37 

QTY FAIL T~ 
S/N'b 28» leads 6 & 8 off from previous testing 

Decap 10 parts 20 wires pulled/device. 

Visual inspection and bond pull tests. 

S/N's 12, 28, 251, 3^0, 382, 98, 183, 248, 332, 

368 
TOTAL ÇJTY 10 QTY FAIL 2 

S/N's 98. 33?“ 
S/N 98 wedge bond pulled at 1.6 gram 
s/n 332 two ball bonds pulled at 0.7 gm. 

Unopened EFT Samples sold to production. 

QTY SOLD TO PRODUCTION 25 

Qty released to Stock 102 



APPENDIX HIB 

DATA FROM TEST GROUP NO. 2 
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VERIFICATION PHASE TESTING 
FOR HYBRID CIRCUITS CONTRACT 

WITH RADC PER MIL-STD-883» METHOD 

TEST GROUP NUMBER _2_ 
PART TYPE - MmORY HYBRID SV/gCH. 

RECEIVED MARCH & MAY IgTSL 
DATE CODES Qty IT! S/N 

Class "C" ^Screening 

EXTERNAL VISUAL 
INSPECTION & 

Ls&IALEflEIQfl 

Place serial numbers on all samples and look for 
visual rejects at same time. 
Qty. IT! 

GO NO-GO testing and data log failures. 

Total Qty. 25°C 1£L Qty. Fail 25°C h (2.3^) 
S/N's ^76, 485, 4-90, 551 fail maximum limit for 
switching times. 

Total Qty. -55°C 111 -55°C 6 (3.59^) 
S/N's 454. 537. 541. 542. 61O. 612 

S/N 454, 537, 541, 542, 610 fails saturation 
voltage maximum limit. 
S/N 454, 537, 612 fails switching time maximum 
limits. 

Total Qty. +125°C Y¡1 Qty. Fail +125°C 1 (0.62^) 
s/n 518 fails current source minimum limit. 

Per MIL-STD-8e3, Method IOO8, Condition C, 48 hrs 
minimum @ +150°c. 

Qty. Ill 

GO NO-GO data log failures. Test in Dept. 32-38 
with RADC Programs. 

Total Qty. 1J1 Qty Fail _1_ (0.625*) 
S/N 612 fails circuit leakage current max. limit. 

S/N 612 Qj_ collector to emitter short. Collector 
base breakdown voltage is 9 Volts. 
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Per MIL-STD-883, Method 1010, Condition C, 
10 cycles, -65°C to +150°C. 

GO NO-GO data log failures 
Total Qty. 171 Total Qty. Fail 
Qty. New Fails 0 
S/N 612» 

Per MIL-STD-^SS, Method 2001, 30,000 G 
Qty. IT! 

Per MIL-STD-883, Method 101^, Condition A and 
Condition C, Step 2. GO NO-GO fine leak rate 
limit 1 X 10-T ATM cc/sec. 

Total Qty. Fine Seal Tested 
Total Qty. Gross Seal Tested 
Qty. Pail Pine 0 
Qty Pail Gross JT (2.5$) 
s/n's 452. 491. 537, 567 

171 
171 

s/n's 537 & 567 removed from test. 

Data log all units. 
Total Qty. 169 
Total Qty. Fail 
g/w«fi 496. 554. 

Qty. New Failures 
606. 612» 

4 (2.56$) 

s/N's 498, 554, 565, 606, 612 removed from test. 

S/N 498 loose ball bond to aluminum metaliiation 
of diode. 
S/n's 554, 606 external lead missing. 
S/N 565 loose ceramic substrate. 

End of CU.» "C" screening procedures per MIL-STD-063, Method 5004. 

Total Fallout l8 = 10.5$, 
171 

Fallout excluding initial failures 9_ = 5*63$ 

* Failed earlier test. 
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TEST GROUP NUMBER 2 

Beginning of Class "B" 

__.. ; 
BURN-IN 

TA = +125°C 
168 HRS_ 

• V 

ELECTRICAL 

Screening per MIL-STD-883, Method 5004 

Per MIL-STD-883, Method 1015, Condition D 
Qty. 164 

Data log all units. Total Qty. l64 

Qty. Fail _1_ (0.61¾) 

3/N 575 circuit leakage current over max.limit. 

End of Class "B" Processing 

Total Fallout to obtain Class B Processed Parts 

Fallout excluding initial failures 10 

1<o5 = 6.25¾ 

19 = 11.1¾ 
171 

Beginning of Class "A" Processing per MIL-iTrD-883, Method 5004 

THERMAL SHOCK 

J f 
ELECTRICAL 

f-.-.. J L ... 
MECHANICAL 

SHOCK 

I 
i 
I 
i 

i 

Liquid to liquid Total Qty. 164 

Per MIL-STD-883, Method 1011, Condition C, 
15 Cycles, -65°C to +150°C. 

GO NO-GO Data Log Fails 
Total Qty. 164 Qty. New Failures 1 (0.614¾) 
Total Qty. Fail 2 ~ 
S/N’s 575»* 578,, 
S/N 578 removed from test. External pin 8 missing. 

Per MIL-STD-883, Method 2002, Condition F, 
Y1 Axis, One Shock, 20,000 G Peak 
Total Qty. l§3 , 
Qty. Damaged 2 (1.23¾) 
S/N's 450. ¿07 

S/n's 450, 607 case damaged due to it being too 
fragile. 
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TEST GROUP NUMBER 2 

ELECTRICAL 

GO NO-GO Data Log Fails 
Total Qty. 162 
Total Qty. Flail ¿0 
Qty. New Failures 28 (r]\3$) 

S/N's 4U9, 14.57. . U66, ÏÏ75. 477. V76» 
495. 500, 549, 551*. 560, 563^.566^69^ 5.15,. _ 
590. 591. 595. 597, 600, 605, 609. 

S/N's 449, 466, 473, 475, 5OO, 569, 600 ceramic substrate 
broke in two with one section loose and the other firmly 
attached. 
S/N's 457.. 464, 551, 566, 577, 506, 591, 595, 605, 609 loose 
gold ball bond to aluminum metalization on semiconductor 

chip. 
S/N's 477, 478, 489, 492, 493, 495, 549, 560 loose ceramic 
substrate. 
S/N 483 fails diode leakage current maximum limit. 
S/N's 563, 59O, 597 loose wedge bond to thick film conductor 
on substrate. 

ACCELE RATION 
AXIS 

..^ ( .... 
ELECTRICAL 

BURN-IN 

IBS. 
T^.4125 C 

Per MIL-STD-883, Method 2001, 30,000 G, Axis, 
Cond. E 

Total Qty. I30 
s/n 526 came apart during removal from carrier. 

GO NO-GO Data Log Pails 
Total Qty. 130 
Total Qty. Fail 1£ Qty. New Failures 10 (7-7$) 
S/N's 455. 485*, ^96 , 540^553,-,559^.51.0^ 5T2A 
575». 592, 595*, 601^ ,611 

S/N's 455, 496, 540, 553, 558, 570, 572, 592, 
601, 613 removed from test. 

S/N's 455, 496, 540, 570, 572, 592, 601, 613 
loose ceramic substrate. 
S/N's 553, 558 ceramic substrate broke in two with 
one piece loose and the other firmly attached. 

Operating Life with Loads per MIL-STD-383, 
Method IOI5, Cond. D. 
Total Qty. 116 

S/N 559 would not operate. Part removed and 
cover & substrate fell off. 
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TEST GROUP NUMBER 2 

jL_ 
ELECTRICAL □ Data Log 

Total Qty. Il6 Total Qty. Fail 2 
Qty. New Failures 0 
S/N's 575*, 595* 

_-J 
REVERE 

BURI 
>E BIAS 
I-IN 

_ t--, 
ELECTRICAL I 

72 Hrs @ +125°C per MIL-STD-883, Method 1015, 

Condition A 
Total Qty. Il6 

Total Qty. Pail 2 

S/N's 575*. 5921- 
s/n 595 removed from test. 

J 
ACCELE 
Ï2 * 

RATION 
XIS 

i_ 
ELECTRICAL 

Per MIL-STD-683, Method 2001, 30,000 G, Y2 Axis, 
Cond. E 
Total Qty. 115 
S/N 589 cover fell off. 

GO NO-GO Data Log Ffcils 
Total Qty. Total Qty. Fail iß 
Qt. New Failures r[ (14.9^) 
S/N's Jü0JJi80i_i03J_512 
*7. 552. 575*i 599, M 

. SIT, 212i. 
• 603. 

¿ti. sMu 
i08 _ 

ACCÇLERÿgON 
Per MIL-STD-883, Method 2001, 40,000 G, Y1 Axis 
Total Qty. 114 
S/N 582 package fell apart. 

' t 
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TEST GROUP NUMBER 2 

--A_ 
FINE & GROSS 

SEAL TEST 

Per MIL-STD-883, Method 1014, Condition A and 
Condition C, Step 2 
Total Qty. Fine 114 Qty. New Fail 19 (16.7^) 
S/N*sA56, 4J0, 47030, 491, ^01, 5057 51^114, 

,528^335 , 536 / 544 , 547 , 573, Hk, 610, 617,¾ 

Total Qty. Gross 114 Qty. New Fail 70 (61.5^) 
S/N's Jt56, 459. 460. 464 . 467.1^8. 470. 471 r 472^74, h76t_ 
479j_480l 48$, 487, 458 , 490. 491. 494 . 497 . 501. 505. 507. 
mUml ml 513.514.^1317.518.520. 521.522.524.527. 

> 544. 528. 
33L 562^¾- 
599. 602. 606. 

L-.338, 5 i-339x 54.; 
. 574. 576 

-34-^ .547, 552,-355^ 5 it 
T3, 574. 57^7 580. 583. 585. 588 . 593. 59¿ 

mZmxMZMT 

_±_ 
ELECTRICAL 

00-N0-G0 Data Log Failures At +25 C. -55 C, +125 C 
Total Qty. U¿ Total Qty. Fail +256C 9 
Qty. New Failures 7 (6.3½) 

ZS S/N's 467. 468. 499. 507. 
S/N's'^7, 1¾ ¢99) 507; 
moved from test. 

3¾ i 
561, 568, 

568. 575». 588. 599» 
599 re- 

s/n 467 loose wedge bond to the external lead post. 
s/n 468, 561, 568, 588 loose ceramic substrate. 
s/n 499, 507 cenaaic substrate broke in two with 
one piece loose and other fimrly attached. 
S/n 588 external lead missing. 
s/n 599 loose diode chip. 

Qty. Fail -55°C 1 Qty» New Failures 0 
s/n .541» - *"”* 

Qty. New Fail +125°C __1_ (.952^) s/n 46l 
S/N 46l fails circuit leakage over maximum limit. 

_! 
X-R/ 

t_ 
LY 

_. ._ 
EXTERNAL VISUAL 

INSPECTION 
*- 

End of Class "A" Screening 

Per MIL-STD-883, Method 1012, Total Qt. 34 
Qty. Fail 0 

Per MIL-aPD-883, Method 2009 
Total Qty. ^ Qty. Mil _0 

Total i Fallout due to all Processing 80.0¾ 

Percent Fallout excluding Initial Failures 78.7¾ 
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Per MIL-STD-Ö83, Method 1010, Cond. C, 
10 Cycles -65°C to +150°C. 
Total Qty. _^0 

48 Hrs @ +125°C per MIL-STD-883, Method IOI5, 
Condition A 

Total Qty. 30 

Data Log 

Total Qty. 30 

Qty. Pail 

I68 Rrs @ +125°C per MIL-STD-883, Method IOI5, 
Condition D 

Total Qty. 30 

Data Log 

Total Qty. 30 
Qty. Pail 0 

Per MIL-STD-883, Method 2001, 40,000 G, Y1 Axis 

Total Qty. 3£ 

Pull per MIL-STD-883, Method 2004, Cond. A 
(4 Parts) 

Pull Lead No's 1, 3, 5, 7, 9 
S/N's of Parts 48l. 484. 502. q^2 
Qty. Fail 0 

Bend per EPT-8OO on 4 parts 
Bend Lead No's 2, 4, 6, 8, 10 
S/N's of Parts 48l. 484. 502. 532 
Qty Pail 0 
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TEST GROUP NUMBER 2 per MIL-STD-883, Method 1011+, 
Condition A and Step 2 of C 

Total Qty. Fine ¿0 Qty. Fail _0_ 

Total Qty. Gross ¿0 Qty. Fail (10.0^) 

r/w's 1+64» 502, 587 T, + c+ 
s/n's 1+81+, 502 were on lead bend and pull test;. 

Data Log 

Total Qtÿ 

Qty. Fail 

Total Qty. ^0 

Decap 5 parts 
Visual inspection and Bond Pull Tests 

S/W 1^ r jtâkq S02. m 581, 
Total Qty. Qty. Fail _0_ 

The unopened EPT Samples to be sold to production. 

Qty. Sold to Production 25 

Qty. released to Stock 29 
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APPENDIX IIIC 

DATA FROM TEST GROUP NO. 3 
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VERIFICATION PHASE TESTING 
FOR HYBRID CIRCUITS CONTRACT 

WITH RADC PER MIL-STD-883, METHOD 5004 

TEST GROUP NUMBER: ¿ 
SUPPLIER: B 
QUANTITY: 193 
RECEIVED: MARCH 1970 

PART TYPE: LADDER SWITCH AND DRIVER 
s/n's: 1 thru 193 
DATE CODES: 7004, 7005, 7006, TOPS 

Class "C" Screening Place serial numbers on all samples and 
look fo- visual rejects at sarie time. 

QT't 

GO NO-GO testing and data log failures. 
TOTAL QTY 25°c QTY FAIL 25 C 0 

TOTAL QTY *55 C 
SN's: J!. 11, l6 
s/n‘s: 

s/n’s: 

193 QTY FAIL -55 C 10 (5.18^) 
., xu, 18, 67. 116. 141, 178, 1¿4, 193 

Í6. 67. 116. 141. 178. 1Ö4 fal^ maxlmum 
series resistance limit at -55 0. 
9. 11, l6, 18, Il6,_l4l, 193 fail maximum 

ll¿lt at -SW. - 

TOTAL QTY +125°C 12¿ QTY FAIL +125°C 2* (1.03^] 

s/n'b: 178*. 184* 
s/N'b ITU, 1Ö4 fail maximum series resistance 

limitât +125 C. 

Per MIL-STD-883, Method IOO8, Condition C, 48 hrs. 

minimum ®+150 C. 
QTY: 12¿ 

GO NO-GO data log failures. Test in Dept. 32-38 
vith RADC Programs. 

TOTAL QTY: QTY FAI,: 1 (0.52^) 
S/N: 178 

♦Failed earlier test 
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TEST GROU? NUMBER: ¿ 

Per MIL-STD-88^, Method 1010, Condition C, 
10 cycles, -65 c to +150°C. 
Transfer time less than 1 minute. 

QTY: 193 

GO NO-GO data log failures. 

TOTAL Q'TY: 19¿ 3TY FAIL: 1^ 
QTY NEW FAIL: 0 
S/N: ITS* 

Per MIL-STD-883, Method 2001, 30,OOOG 
«TY: 121 

Per MIL-STD-883, Method 101k, Condition A and 
Condition C, Step 2. GO NO-GO fine leak rate 

limit 1 X 10-Î ATM cc/sec. 

TOTAL QTY Fine Seal Tested: 193 

TOTAL QTY Gross Seal Tested: 121 
ÇTY FAIL Fine: 19 (9-90½) 

S/N'S: 33r 8T; 
123. 134, 139, 1^7. 158, 186. 169, 172,. 
173. 193 

QTY FAIL Gross: 11 (5-73^,) , . 
S/N's: 38. 44, 46, 87,100, 112, 123, 13^ 1^1 

166^193 

Data log all units. 

TOTAL QTY: 193 

TOTAL QTY FAIL: 2 

grY. NEW FAILURES? 1 (0.^) 
S/N's: 178», I8I 
S/N 181 failed because both diffused resistor 

chips are loose. 

End of Class "C" screening procedures per MIL-STD-883, Method 50Ck, 

TOTAL FALLOUT: 30/l93 = 15-5½ 
FALLOUT WITHOUT INITIAL FAILS: 20/183 = 10.9½ 

♦Failed earlier test 
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TEST GROUP NUMBER: ¿ 

Beginning of Class MB" Screening per MIL-STD-883, Method 5004 

_5 

BURN- 

ta = 
I68 I 

-— 

•ÏN o 

+125 C 

frs. 

< 

El® 7TRICAL 

Per MIL-STD-883, Method 1015, Condition D 

Qty; 121 
Data log all units. Total Qty: 191 

fötal Qty. Pail: ¿ 
Qty. New Failures: 3 (l-57$l 
S/N's: 10 , 30, 38^ 178*, M» 

S/N 10: Offset voltage increased over the 
maximum limit. Part left on test and it 
passed later tests until it was placed on 
burn-in again. 
s/N 30 : Input current increased over the 
maximum limit. Part left on test and it 
passed later tests. Part was lost prior to 
the next burn-in. 
s/N 38: Circuit leakage current increased 
over the maximum limit. Part left on test 
and it passed later tests until it was placed 
back on burn-in again. 

End of Class "B" Processing Total Fhllout to Obtain Class B Processed 

ïÜ ^ 16.6# 
Total Fallout Excluding Initial Failures* 

22 - 12$ 

Beginning of Class "A" Processing per MIL-STD-883, Method 500^ 
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Total Qty: 

I7r GROUP :nT'p:^î: 

Liquid to Liquid 193 

Per MIL-STD-Sf», Method 1011, Cond. C 

15 Cycles, -65 C to +150 C 

GO NO-GO Data Log Fails 
TOTAL OTY: 121 
TOTAL qTY FAIL: 2 

NEW FAILURES: 0 
S/N's: ITS*, 131* 

Per MIL-STD-083, Method 2002, Cond. F 

;ocis, One Shock, 20,0000 Peak 

TOTAL QTY: 121 
5ty. Damaged: 0 

GO NO-GO Data Fails 
TOTAL QTY : 123 
TOTAL OTY FAIL: ± 
vjTY. NEW FAILURES:c i^3-12jil 
S/N's: l6, 

1^732. 119, i2l,j2i¿UÍL^¿l 
removed from test 

AILURES : , 17q* 
, 82 r IIS, 127, fe 

;/n'! 

l/N's: 115, 127, 1^5 loose ceramic substrate 
•/N 16 Loose resistor chip 
./m no T.oose transistor chip 
Æ fw Goose wedee bond to thick-fiUn con- 

Per MIL-STD-383, Method 2001 
30,0000 Y2 Axis, Condition E 

TOTAL OTY: I86 
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TEST GROUP NUMBER: 3. 

GO NO-GO Data Loß 

TOTAL qp.'Y: 
TORAL QTY- FAIL: 
QTY. NEW FAILURES 

S/N's: 60, 17B* 

Fail g 

r 1. (o.^i 

3/n 60 Removed from Test - Loose wedße 

bond go inf, to thick-film conductor on 

Operating life "ith l°ad5 
Method 1015, Condition D 

TOTAL QITY : l35 
S/N 30 missing from test. 

per MIL-STD-Ooj, 

2 (1-10^1 
38*, litt* 

Data Log 
TOTAL OTY: 184 
TOTAL QfTY FAIL: 5 
QTY. NEW FAILURES: 

the n^.1^ 

s/N 28 ^Circuit leakage current over the 

maximum limit. 
(Both parts left on test and they passed 

72 Hrs. S -+150 c per MIL-STD-833» 

Method 1015, Condition A 

TOTAL CffY: l3U 
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TEST GROUP NUMBER: 3 

o 
Data Log 3 25 C 

o 
TOTAL '.fTY. +25 C 104- 

TOTAL r4TY. FAIL: 5 
4¿TY. NEW FAIL: U (2.23^) 
S/N's: 71. 141, 166, 178»/ 104 

S/N 73 Part has solid material inside of 
package as if liquid was in package 
and it became a solid. 

S/N's 14-1, l66: Circuit leakage current 
increased over the maximum limit. 

S/N 1ÖU Series resistance increased over 
the maximum limit. 

Per MIL-STD-883, Method 2001 
1+0,0000, Y2 Axis (Note: Y2 Axis done in 
error) 
TOTAL Q'TY: 1§4 
S/N I52 Pin 1 (external lead) came off. 

Per MÏL-STD-383, Method IOII+, 
Condition A and Condition C, Step 2 
TOTAL QTY. FINE: 183 
TOTAL ;£FY. FAIL: W 
CJTY. NEW FAILURES: 0 

S/N's: 33*, UU*. 46*. 61+», 87*. 11^. 
-gd. nh, 139>. 1SÜ». ibbOîg», 

-j J- 
I93* 

TOTAL QTY. GROSS: l8¿ 
TOTAL /.TY. FAIL: 0 
„TY. NEW FAILURES: 2 (1.12^) 

S/N' s : 38», 1+6», 63. 73. 37*, U21 
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TEST GROUP NUMBER: 3 

_J _ 

ELECTRICAL 

_} f 

ACCELERATION 
'*1 AXIS 

o 
GO NO-GO Data Log Failures at ?5 C, 

-55 c, +125 C 
TOTAL (ÍTY: 1Ö3 0 
TOTAL tjTY. FAIL 25 C: 7 
QTY. mi FAILURES: 3 (l-7Q'¿) 

s/n’s: 11, 22, 1I4I*, 166», 170, 178*, 134* 

S/n's 11, 22, I70 - Internal leads drooped 
down and shorting to edge of semiconductor 
chips and thick-film conductors on substrate. 

0 

TOTAL QTY. FAIL -55 C: 12 
ÇfTY. mi FAILURES: 3 (1.72^) 

S/N's: 4. 9*, 11*. 14, l8*, 22*, 3?, 67*, 
ué*, Li», nsL ist» — 

S/N's 4, l4 - Series resistange marginally 
over the maximum limit at -55 C. 
S/n 32 - Interngl leads drgoped down and 
shorting at -55 C and +125 c only. 

TOTAL FAIL +125°c: 7 
C£TY. NEW FAILURES: I (0.57¾) 

S/N's: 11*, 22*, 32*, 125, I70», I78*, 184* 
S/N's 11, 22, I7O: Removed from test for 

failure analysis. 
S/N 125 leads drooped down and shorting at 

+125 C only. 
S/N l6 accidently put back on test. 

Per MIL-STD-383, Method 2001 
40,000 G, Y Axis 
TOTAL Q'TY: I80 
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TEST GROUP NUMBER: ¿ 

Per MIL-STD-883, Method 10l4 
Condition A and Condition C, Step 2 
TOTAL QTY. FINE: I80 
TOTAL 4TY. FAIL: ^ 
QTY. NEW FAILURES: 2 (1.12^) 

S/N's: 38, 57», 63, 112» 

TOTAL QTY. GROSS: ISO 
TOTAL QTY. FAIL: | 
OTY. NEW FAILURES: Õ 

s/n's: 38*, kk*, hS*, 63*, 87», 112* 

0 
GO NO-GO Data Log Failures at +25 C, 

-55°C and +125°C 
TOTAL QTY: I80 Q 
TOTAL Opn. FAIL +25 C: 2 
QTY. NEW FAILURES: b (2~28^) 

S/N's: 16». 54, 69. 9U, 112, l4l», 166*!. 
1T8*, 184»”" 

s/n 54 - Loose wedge bond to thick-film 
gold conductor on substrate and loose gold 
ball bond to pin 2 gold plated post. 
S/N's: 69, 94, 112: Loose ceramic substrate. 

0 

TOTAL QJTY. FAIL -55 C: 17 
QTY. NEW FAILURES: ^ (2.28^) 

S/N' 4». 9», 14», 15. 16». 18*. 54», 67^ 
59», 94», 106, 112». 116», l4l». 
178», 1W», 1^5 

s/N 15 - Marginal over maximum -55 C limit 
for series resistance. 
S/n's 106, 185: Unresolved, All internal 
bonds pass 1.5 gm bond pull. Devices also 
pass internal visual inspection. Lead dress 

O.K. 0 
TOTAL QTY: FAIL + 125 C. 8 
QTY. NEW FAILURES: 0 
S/N's: 4». 16», 54*7 69». 94», 112», 178^ 

154* 
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TEST GROUP NUMBER: ¿ 

Per MIL-STD-883, Method 1012 
TOTAL QTY: 20 
QTY. FAIL: 0 

Per MIL-STD-883, Met he ^ 2009 
TOTAL OTY: l4l 
QTY. FAIL: 0 

End of Class "A" Screening TOTAL PERCENT FALLOUT DUE TO ALL 
PROCESSING: 27.0½ 
PERCENT FALLOUT EXCLUDING INITIAL 
FAILURES : 21.8½ 

Quality Conformance Inspection 
Sample Size 3¾ 

TOTAL QTY : ¿8 

S/K's: 5, 13. 1|, 23. 3Tr 43. 47 Vi vy ZJLi 
2. 62, 6?, 66 , 71. 74 , 75, jä, 
>0. »3, ¢)6, 9Î, 9?, 102, 103, 

109, iu, 113, 11B. lap, Æ 
130, 133, 137, SS 19^, m. 
168, 182' l5g 

Per MIL-STD-8§3, Methodo1010, Cond. C 
10 Cycles -65 C to +I50 C 
TOTAL QTY: ¿8 

HQ hours @ +125°C per MIL-STD-883, 
Method IOI5, Condition A 
TOTAL QTY: ¿8 

215 



TEST GROUP NUMBER: ¿ 

Data Log 

TOTAL qjTY: ¿8 
QTY. FAIL: 0 

168 hours @ +125 C per MIL-STD-883 
Method 1015, Condition D 

TOTAL QTY: ¿8 

Data Log 

TOTAL QTY: ¿8 

QTY. FAIL: 0 

Per MIL-STD-883, Method 2001 

40,000 G, Y1 Axis 

TOTAL QTY: ¿8 

Pull per MIL-STD-883, Method 2004, 
Condition A (4 parts) 

Lead N's 1. 3. 5, 7, 9 

s/n's of Parts: 17. 71, 97, HI 

QTY: FAIL: 0 

Bend per EFT-800 on 4 parts 

Lead N's 2. 4, 6, 8, 10 

s/N's of parts: 17. 71, 97, 111 

QTY. FAILED: 0 

Per MIL-STD-883, Method 1014 
Conditions A and Step 2 of C 

TOTAL QTY. FINE: ¿8 

QTY. FAIL: 0 

TOTAL QTY. GROSS: ¿8 QTY. FAIL: 1 (2.63%) 

s/n 71 was subjected to lead bend and pull 
testing. 
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TEST GitCUP NUMBER: ¿ 

TO STOCK 

Data Log 
TOTAL QTY; ¿8 
qrpY. FAIL: 0 

Decap k parts. 
Visual inspection and bond 

pull tests (40X, lOQX) 

S/N's: IT. 711 97, HI 

TOTAL QTY: 4. QTÏ* FAIL: 1 
S/N 97 - One~ball bond pulled off at 0.2 gm 

from aluminum metalization of KT* transistor. 

Unopened EPT samples to be sold to production. 

QTY. SOLD TO PRODUCTION: ¿4 

QTY. RELEASED TO STOCK: 1¿7 



APPENDIX HID 

DATA FROM TEST GROUP NO. 4 
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VERIFICATION PHASE TESTING 

FOR HYBRID CIRCUITS CONTRACT 

WITH RADC PER MIL-STD-883, METHOD 5004 

TEST GROUP NUMBER: 4 

SUPPLIER: A 

QUANTITY: 307 

RECEIVED: APRIL 1970 

PART TYPE: LADDER SWITCH AND DRIVER 

S/N's: Ï94~thrü 50Õ 

DATE CODE: 7011 

Class "C" Screening 

Place serial numbers on all samples 

and look for visual rejects at same 

time. 

QTY: ¿07 

GO NO-GO testing and data log failures. 

TOTAL QTY: 25 c * ¿07 

QTY. FAIL: 25°C - 0 

TOTAL QTY. -55°C = ¿07 

QTY. FAIL -55 C « 5 (1.63¾) 
S/N's: 226, 261. 264, 299. 443 
S/N's 225 , 2ëh, 299 - fall maximum limit 

for offset voltage at -55°C. 

S/N's 261, 264 , 443 - fail maximum limit 

for series resistance at -550C. 

TOTAL QTY. +125°C: ¿07 
QTY. FAIL +125°C: 0 

Per MIL-STD-883, Method IOO8, Condition C 
48 Hrs. minimum @ +150°c. 

QTY: ¿OX 

GO NO-GO data log failures. Test in 

Dept. 32-38 with RADC Programs. 

TOTAL QTY: ¿0J QTY. FAIL: 0 

219 



TEST GROUP NUMBER: 4 

Per M3X-STD-88^, Method 1010, Cond. C 

10 Cycles, -65 c to +150°C 

Transfer time less than 1 minute. 

QJTÏ: ¿07 

GO NO-GO data J.og failures 

TOTAL QTY: ¿ÜJ 
QTY. PAIL: 0 

Per MIL-STD-883, Method 2001, 30,0000 
QTY: ¿07 

Per MIL-STD-883, Method lOlU, 
Condition A and C, Step 2. 
GO NO-GO fine leak rate limit 1 x 10 
AIM cc/sec. 
TOTAL «TY. SEAL TESTED: ¿07 
qfTY. PAIL FINE: 21 (6.851) 
S/N's: 194, 195j 200, 205, 218, 227, 

22ÏÏ 

i-gSlt _ 
2407 
jgr 

262, 26 

~498 
ML2! ii 

«TY 
s/n 

PAIL GROSS: 15 (4.9^) 
■b: 19^. 195 , 205, ¿2T, 230, atp. 

ËH gw- 26?. gW- 3.9* 3¿0i 
380, 456, 498 

Data log all units. 
TOTAL <JTY. ¿06 QTY. NEW FAIL: 1 (0-33») 
s/n 360 - Offset voltage increased over 

maximum limit. 

End of Class "C" screening procedures per MIL-STD-883, Method 5004 
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TEST GROUP NUMBER: 4 

TOTAL FALLOUT TO OBTAIN CLASS "C" 
PARTS: 25 

307 

TOTAL FALLOUT EXCLUDING INITIAL 
FAILURES: pi 

3Õ7 = 

Beginning of Class "B" Screening per MIL-STD-883, Method 5004 

Per MIL-STD-883, Method IOI5, Cond. D 
qTY: 306 

Data log all units. TOTAL QTY: 306 

TOTAL QTY. FAIL: 6 
QTY. NEW FAILURES:” 5 (1.64¾) 

S/N's: 219, 267, 329. 360». 409. 4l4 

s/n 219 - Offset voltage, series resis¬ 
tance and cirouit leakage current 

increased over maximum limit. Device left 

on test and it continued to fail until 

after reverse-bias burn-in. After R-B 

burn-in, the part was O.K. 

S/N 267 - Circuit leakage current increased 
over the maximum limit as if part shorted. 

Part had a loose metallic particle inside 
case. 

S/N 329 - Input currents increased due to 

burn-in but were O.K. later. They in¬ 

creased again during the second bum-in. 

Cause of failure unresolved. 

S/N 409 - Emitter-base leads of look as 

if they are shorted together. Input offset 

voltage and circuit leakage current over 

maximum limit, later it was O.K. but went 

bad again during second bum-in. 

S/N 4l4 - Input offset voltage drifted over 
the maximum limit. 
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TEST GROUP NUMBER: 4 

Erd of Class "B" Processing 

Beginning of Class 

i 

THERMAL 

SHOCK 

_±_ 

ELECTRICAL 

_xL_ 

MECHANICAL 

SHOCK 

*- 

ELECTRICAL 

TOTAL FALLOUT TO 

PROCESSED PARTS: 

OBTAIN CLASS B 

9.78* 

TOTAL FALLOUT EXCLUDING 

FAILURES: 
26 
307 

INITIAL 

8.47# 

Processing per MIL-STD-883» Method 5004 

I 

Liquid to liquid TOTAL QTY: ¿06 

Per MIL-STD-Ö83, Method 1011, Cond C 
15 Cycles, -65öC to +I50 C 

GO NO-GO Data Log Fails 

TOTAL QTY: 306 

TOTAL OTY. FAIL: ¿ 

(JJEY. NEW FAILURES: 0 

S/N’s: 219*. 36O», 4l4* 

Per MIL-STD-883, Method 2002, Cond F 
Axis, One Shock, 20,000 G Peak 

TOTAL OTY: ¿06 

qfTY. DAMAGED: 0 

GO NO-GO Data Log Fails 

TOTAL «PY: 306 

TOTAL OTY FAIL: 4 
ÇTY. NEW FAILURES: 1 (0.33#) 

S/N's: 219*. 360», 4l4», 472 

s/n 472 removed from test. 
s/N 472 loose wedge bond to thick-film 

conductor on substrate. 
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TEST GROUP NUMBER: 4 

Per MIL-STD-883, Method 2001 
30,000 G Tg Axis, Condition E 
TOTAL QTY: ¿0£ 

GO NO-GO Data Log Pails 
TOTAL QTY: 305 
TOTAL QTY. FAtt: 3 
QTÏ. NEW FAILURES: 0 

S/N's: 219*, 360». 414» 

Operating Life with loads per 
MIL-STD-883, Method IOI5, Cond. D 
TOTAL QTY: 306 

Data Log 
TOTAL QPI: 306 
TOTAL QTY. PAIL: 6 
5TY. NEW FAILURES T 1 (0.33¾) 

Wi ^ S/N 337 - Circuit leakage current 
increased over maximun limit. High leak¬ 
age current went away during reverse bias 
burn-in. 

72 Hrs. @ +150 C per MIL-STD-883, 
Method 1015, Condition A 
TOTAL qPY: ¿0¿ 
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TEST' ''ROUP NUMBER: 4 

o 
Data Log @ 25 C 

TOTAL QTY +25°C: 305 

TOTAL «TÏ. FAIL: ¿ 

QTY. NEW FAILURES: 3 (0.99½) 

s/n’s: 217, 228, 345, 360», 4l4* 
S/N's 217, 228 - Seri.:/resistance 
drifted over the maximum limit. 

S/N 3^5 - Offset voltage drifted over 
the maximum limit. 

Per MIL-STD-883, Method 2001 
U0,000 G, Y Axis 

TOTAL (gY: 1 305 

Per MIL-STD-883, Method 1014 
Conditions A and C, Step 2 

TOTAL «PYi FINE: 305 

TOTAL «TY. FAIL: 

«TY. NEW FAILURES: 1 (0.35¾) 

S/N's: 194*. 200», 206*. 218*. 227*. 

228*T~gltO.! 255*! 20»! 

TOTAL QTY. GROSS: 305 

TOTAL QTY. FAIL: gb 

<3TY. NEW FAILURES: 11 (3.8¾) 



TEST GROUP NUMBER: U 

X-RAY 

EXTERNAL 

VISUAL 

INSPECTION 

GO gO-GO Da Ja Log Failures At 425 C, 
"55 C, 4125 c. 
TOTAL QTY : 305 
TOTAL QTY. FAIL:425°C: 6 
QTY. NEW FAILURES: 2 (0767^) 

S/N-s: 228», 3^5», 3604, 4l4», 1*82 
S/N 3^5 - Open ball bond to aluminum 

metalization on transistor chip. 

S/N's 459, 482 - Open wedge bond to thick 

film conductor on substrate. 

TOTAL QTY. FAIL -55°C: 13 
QTY. NEW FAIL: 2 (0.68^ 

S/N's: 194», 217*. 228». 261». 264». 

S/N's 339,399 -Offsetvoltage and series 
resistance over the maximum limit. 

TOTAL QTY. FAIL 4125°C: 9 
QTY. NEW FAIL: 2 (0.68¾) 

S/N's: 217» 219». 228». 
449! 459». 482» — 

S/N's 437 , 449 - Offset voltage and series 

resistance over the maximum limit. 

-345*, 409», 437. 

Per MIL-STD-883, Method 1012 
TOTAL QTY: 20 

QTY» FAIL: 0 

S/N's: 332, 373 - Opened for internal 
inspection. 

Per MIL-STD-883, Method 2009 
TOTAL QTY: 2¿8 
QTY. PAIL: 0 
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TEST GROUP NUMBER: 4 

End of Class "A" Screening 
TOTAL PERCENT FALLOUT DUE TO ALL 
PROCESSING: 16.0¾ 

PERCENT FALLOUT EXCLUDING INITIAL 
FAILURES: 14.3¾ 

Quality Conformance Inspection 
Sample Size 40 
TOTAL QTY: 4o 

S/N's: 201 j 202 , 206 . 209 , 215. 224. 

fpi 239, 246. 2b9l 277! ¿Hit 

f&L Æl ¿2. 2931 3001 306. 

Per MIL-STD-8§3, Method 1010, Cond. C 

10 Cycles -65 c to +150 C 

TOTAL QTY: 40 

Hours @ +125 C per MIL-STD-883 
Method IOI5, Cond. A 
TOTAL QPÏ: 40 

Data Log 

TOTAL QPY: 40 
QTY. FAIL: 0 

I68 Hours @ +125 C per MIL-STD-883 
Method IOI5, Condition D 
TOTAL QTY: 40 
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TEST GROUP NUMBER: 4 

Data Log 

TOTAL QTY: 40 
QTY. FAIL: 0 

Per MIL-STD-Ö83, Method 2001 
40,000 G Yl Axis 

TOTAL QTY: 40 

Pull per MIL-STD-883, Method 2004 
Condition A (4 Parts) 

Leads: 1» 3, 5. 7. 9 
s/n's of Parts: 206 , 224, 283, 452 
QTY. FAIL: 0 

Bend per EFT-800 on 4 parts 
Leads: 2, 4, 6, 8, 10 
S/N's of Parts: 206 , 224, 285, 452 
QTY. FAIL: 0 

Per MIL-STD-883, Method 1014 
Conditions A and Step 2 of C 
TOTAL QTY. FINE: 40 
QTY. FAIL: 0 

TOTAL QTY. GROSS: 40 
QTY. FAIL: 0 

Data Log 

TOTAL QTY: 40 
QTY. FAIL: 0 
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TEST GROUP NUMBER: 4 

Decap k parts 
Visual inspection and bond pull 

tests (20 wires/unit) 
S/n's: 206, 224, 285, k52 

TOTAL QTY: 4 QTY. FAIL: 1 

S/n's: 285 Wire pulled at 2 ¿ns. 
others pass 2 gm pull test. 

Unopened EFT samples to be sold to 
production. 

«TY. SOLD TO PRODUCTION: ¿6 

QTY. RELEASED TO STOCK: 254 

All 
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APPENDIX HIE 

DATA FROM TEST GROUP NO. 
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VERIFICATION PHASE TESTING 
FOR HYBRID CIRCUITS CONTRACT 

WITH RADC PIN! MIL-STD-883, METHOD SOOU 

TEST GROUP NUMBER 5 PART TYPE LADDER SWITCH AND DRIVER 
SUPPLIER B “ 
QUANTITY 499 S/N 1 - 499 RECEIVED FEB 19TC 
DATE CODE 7002 

CLASS "C" SCREENING 

EXTE! 
VIS! 

INSPEG 
SERIALE 

RNAL 
JAL 
PION & 
NATION 

> r 
ELECTRICAL TEST 

AT 25°C, +125°C & ! 
*55°c 

' t 
HIGH TEMPERATURE 

STABILIZATION 

' ! 

I 
I 

♦Marginal units which 
are not really failures 
due to tester accuracy 
and repeatability, ie. 
units off by O.OOO5 
volts or less. 

*FMled earlier Q 
electrical test at 25 C 

Place serial numbers on all samples and look for 
visual rejects at same time. 
QTY 499 
QTY FAIL 0 

GO NO-GO testing and data log failures 

TOTAL QTY 25°C 499 QTY FAIL 25°C _2_ (0.4$) 
s/n's 101, 350 fail offset voltage maximum limit 

TOTAL QTY -55°C 499 QTY FAIL -55°C 0 

TOTAL QTY +125°C 422 ^ PAIL +125°C 5 (l.0$) 
S/n's 99> Ho, 380, 431, 466 fail series resist - 
anee maximum limit 

Per MIL-STD-883, Method IOO8, Condition C, 43 hrs 
minimum © +150°C 

QTY 499 

GO NO-GO data log failures 

TOTAL QTY 499 TOTAL QTY FAIL l4 
QTY NEW FAIL 7 (1.4¾) 
S/N's.99. 101», IO6+, 110+, ll6f 175, 208+, 24?+, 

369, 392, 445 

S/N 99, 110+, 116, 208+ fail series resistance 
maximum limit. 
S/N 101*, 106+> 208+, 242+ failed offset voltage 
maximum limit. 
S/N 175, 392 fail Icc"o" electrical test maximum 
limit. 
S/N 303, 350, 383+, 389, 445 fail circuit 
leakage current max. limit. 
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TEST GROUP NO._ 5 

Per MIL-STD-883, Method 1010, Condition C, 
10 cycles, -65°C to +150°C. 
Transfer time less than 1 minute. 
QTY 499 

GO NO-GO data log failures. 
TOTAL yTY b99 TOTAL ^TY FAIL l6 
QTY NEW FAIL k (0.81¾) 
s/n's loi*, lié*, 175*, 185, 203, 203*, 238, 
3OI, 303*, 35O*, 36?*, 392*, 445*, IO6*, 242*, 
28I+ 
s/n 445 removed from testing. 

S/N 185, 238 circuit leakage current over maximum limit. 
S/N 203 looked like a collector-base short on Q3 but cleare.. 
up during confirmation of failure on manual tester. Part 
decapped after all testing through Class "A" processing, and 
could not find cause of failure. 
S/N 3OI switching time over maximum limit. 
S/N 445 scratched aluminum metalization shorting collector- 
base of transistor Q3. 

I 

TEMPERATURE ! 
CYCLING 

L_ 

—. V. 

ELECTRICAL 

ACCELERATION 
AXIS 

I 
>4 

FINE & GROSS 
SEAL TEST 

I t 

Per MIL-STD-883, Method 2001, 30,000 G 
QTY 498 

Per MIL-STD-833, Method 1014, Condition A and 
Condition C, Step 2. GO NO-GO fine leak rate 
limit 1 X 10-7 ATM cc/sec. 

TOTAL m SEAL TESTED 498 
QTY FAIL FINE _4_ (o.8o^T""s/n's 66, 94^37, 
212 
QTY FAIL GROSS 40 (8.04^) S/N's 17. 29. 31. 80, 
88, 89, 111, 121, 150, 157, 159, 181, 183, 205, 
209, 212, 222, 230, 233, 243, 254, 266, 317, 
327, 3jf3¡ 367, 370, 377, 391, 395, 397, __ 
408. 422. 423. 439. 476, 487, 494, 499 

_V. 

ELECTRICAL 
Data log all units. 
TOTAL QTY 498 TOTAL QTY FAIL l8 
QTY NEW FAILURES _2_ (0.45$) 

* -18s*jp38*^264^301*,303*x35o*, 369*, 392*,432, S/N's 
99». 101*. 106».208*.242»,281»,466* . 
S/N's 264 & 432 removed from testing. 
S/n's 264 & 432 loose resistor chip. 

♦Failed earlier test . 

End of Class 
Total fallout 

"0" screening procedures per MIL-STD-883, Method 5004. 
62 

Ç99” 
_ 12.4$ Total fallout excluding 

initial failures 
.55 
ÏÏ92 = 11.1$ 
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test group number 5 

BPKIMING of CLASS "B" SCREENING PER MIL-STD-G83, METHOD 

BURN-IN 
Ta = 125°c 

168 HRs 
Per MIL-STD-883, Method IOI5, 
QTY 495 

5004 

Condition D 

—-w___ 

ELECTRICAL 

END OF CLASS "B" PROCESS¬ 
ING 

uaza log all units TOTAL qjTY 495 
QTY NEW FAILURES __1_ (0.23^) - 
TOTAL QTY FAIL 11 
S/n's $9*, 101», 107t 116» 17^* 185*. 238*, 
301». 350». 369» r SOP* ~~. - 
S/N IO? removed from test, s/n 10? failuie 
caused by holes in silicon oxide u. jr ■ 

aluminum termination for the nicl'A -n .existons 
Rl & R3 causing them to short thi .ugh the 
silicon substrate. 

Total fallout to obtain Class B parts = 12 6¾ 

4^9 
Total fallout excluding initial failures to obtain Class B parts = 1± ^ 

BEGINNING OF CLASS "A" PROCESSING PER MIL-STD-883, METHOD 5004 

THERMAL SHOCK 

> ' 

J ELECTRICAL 

r - -- ' 

) MECHANICAL \ 

--- 

SHOCK 

ELECTRI CAL ! 

> ' 

Liquid to liquid TOTAL QTY 494 

Per MIL-STD-883, Method 1011, Cond. C, 
15 cycles, -65°C to +150°C 

nu-gu Data Log Fails 
TOTAL QTY 494 TOTAL QTY FAIL l6 
QTY NEW FAILURES _1_ (0.23$) ~ 
s/N's 29, 99*. 101». 106*. 116», 175* 185*, 

23o*, 303*, 350*, 363*, 369*, 
392* 

S/N 29 fails circuit leakage current max. limit. 

Per MIL-STD-883, Method 2002, Cond. F, Y-, Axis, 
One Shock, 20,000 G Peak L 
TOTAL QTY 494 
QTY DAMAGED 1 (0.20$) 
S/N's 424 

GO NO-GO DATA LOG FAILS 
TOTAL QTY 42it 
QTY FAIL 15 QTY NEW FAILURES 2 (0.46$) 
S/N's_29*, 99*j 101», 116». 175*^5*, 225. 

259, 301*, 303», ^0*^69», 39?*, 404*' 
S/N s 225, 259, 494 removed from test. 
S/N's 225, 259 loose resistor chip. Chip broke 
in two with part still attached to the substrate > 

232 



TEST GROUP NUMBER 5 

1 
ACCELERATION 
Y2 AXIS 

t: ELECTRICAL I 

Per MIL-STD-883, Method 2001, 30,000 G, Y? Axis, 
Cond. E > c. > 

TOTAL QTY 491 

GO NO-GO Data Log Pails 
TOTAL QTY 491 
TOTAL QTY FAIL 1¿ QTY NEW FAILURES 4 (O.935&) 

272> 

s/n's 267, 272 ¾ 355 removed from test for failure analysis. 

S/n 6l Loose gold ball bond to base of Q2* 
S/n 267 Lead shorting to edge of transistor chip. 
S/N 272 Emitter-base leads of Qx shorted together. 
S/N 355 Base lead of Q2 drooping down and shorting to thick 
film pad on substrate. 

BURN-IN 
+125°C 

2 HOURS 

ELECTRICAL 

Operating Life with Loads per MIL-STD-883, 
Method 1015, Cond. D. 

TOTAL QTY 487 

Data Log 
TOTAL QTY 487 
TOTAL QTY FAIL 13 QTY NEW FAILURES 1 (0.23^) 

U6*' ^ 2Ä-301*. 303¾ 

S/N 24 removed from test. 
S/N 24 cause of failure unresolved. 

REVERSE BIAS 
BURN-IN 

ZU ' 

72 Hours 
Cond. A 

ELECTRICAL 

+150 C per MIL-STD-883, Method IOI5, 

TOTAL QTY k&6 

Data Log ® 25°c 

TOTAL QTY +25°C 486 TOTAL QTY FAIL 37 
. QTY NEW FAILURES 23"(5.4l£) 

^37, U?!1 1 P68- 3Õ1E. SI 

S/N 119 & 433'removed from test. 
S/N 28, 47, 5o, 110, 112, 124, I37, 208 , 214, 268, 269, 331, 
334, 359, 362, 365, 380, 431, 435, 443, 466, 498 Lrles 

..n resistance increased over the maximum limit. 
b/N 119, 433 device channeled and destroyed internal leads from high leak¬ 
age current. ^ 

0¾ lal clrcult leakaee current increased significantly over the max. limit. 
S/N 303 power supply drain current increased over the maximum limit. 
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TEST GROUP NUMBER 5 

_-l- 
ACCELERATION 

y2 AXIS 

FINE & GROSS 
SEAL TEST 

Per MIL-STD-883, Method 2001, 40,000 G, 
y2 Axis. (Note Y2 Axis done in error) 

TOTAL QTY kßk 

Per MIL-STD-883, Method 1014, Condition A and 
Condition C, Step 2 

TOTAL QTY FINE 4Ô4 TOTAL GTY FAIL IS 
QTY NEW FATTJrRfi’P! 12 (2.48^' — , QTY NEW FAILURES' 

S/N ’ s 9, 23. 28, 66». 97*. n4 
jp7, 44?; 468 , 478 - 

TOTAL QTY GROSS 1+84 TOTAL QTY FAIL 
QTY NEW FAILURES I9 (4.2656) 

21^.22^326^0^ 

21 

C 

S/N'S 17«, 2^. 2<*. 7C| æ»_ 89»_ q7 
111 i 114, 121*, ISO*. 157*. ISO*. l8i*. one* 
21S». 22?*. 210*. PIT* gggí -flT '-ink'll,1“ 

IT' 36t*.N£, ÍTT^'ia'7 ' 

ELECTRICAL GO NO-GO Data Log Failures at+25°C, -55°C, +125°C 

TOTAL QTY 434 TOTAL QTY FAIL 43 
QTY NEW FAILURES 29 (7.235É) 

(Cont.) 

. **ciw rrtxijunüiD ¿y 

•74! 1 177• }65 ■ 236 ■ 258. 288, 201, 303*, 
-¾¾ ^ ' 112?1, ^ . ^38, 369*. 373! 37s 380», 38¾ 
JQ3#I ^2*. 40Í+. 407 , 431*. 440 . 446. Uk7^L^ J J x- 

^ 9^,10!¿fl105í l49» 193, 236, 258, 288, 
tti' )3??, n1' ,325’ 368, 373> 375> 381, 407, 
axis which 1' r^ed dUe t0 1+0,000 g aoc®leration in Y2 axis which caused the internal leads to droop and short. 
(These parts remained on test and the shorts went away during 
40,000 g acceleration in the Yi axis.) ^ 8 

inü'tJco3!?' k5, 49 failure analyzed; lead drooped down short¬ 
ing to conductor on subsrate. 

fn? t°k Îeaî dfooped down porting to conductor on substrate 
and remained shorted after 40,000 g acceleration in Yi axis. 

TOTAL QTY FAIL AT -55°C 20 
QTY NEW FAIL 1 (0.27¾) “ 

S/N's j* 30*, 45*. 49*, 83*, go>[ 10c#i u6#> 2^? 
288 t -jjj.*, 325». 350»/368*. 4^77X3!» 

S/N 232 loose gold baU bond to aluminum metalization on 
transistor chip« 

TOTAL QTY FAIL AT +125°C 57 
QTY NEW FAIL lj (4.5856) 

S/N 
^9», 102*. IOS*. 1JO», 10i. j0*145>-k?*-6l*- 8P- n 

--,6* --|37*__ 
288». 2Q1* 

88, 90j 951U 
-IQ3. 193^,208*^ 218, 
306». ?n»~ ^»J 332, 



TEST GROUP NUMBER 5 

l 
ELECTRICAL 

(CONT.) 

ACCELERATION 
Yl AXIS 

FINE 8c GROSS 
SEAL TEST 

S/B'e 10, 62 , 71, 88, 183 , 218 , 221, 210 , 268, 
r67, 385, 389, 39^, ^28, U99 failed due 

to 40,000 g acceleration in +^rOpd 
the internal leads to droop and short at 12; 0 
but not at+25°C or -55°c* (These parts remined 
on test and the shorts went away during 40,000 

g acceleration in the Yi axis.) Q 
g/n 90 series resistance over maximun limit at +125 C. 
S/N 268 shorts went away after Yl axis acceleration hut series 

resistance remained over maximum limit at +125 C. 

Per MIL-STD-883, Method 2001, 40,000 g, Y^ Axis 
TOTAL CffY 4Ô0 

Per MIL-STD-883, Method 10l4, Condition A and 
Condition C, Step 2 
TOTAL OfTY FINE 480 TOTAL QTY FAIL 1¿ 

qjTY NEW FAIL 3 “(0.64^) Q 
S/N• s Q». 2^-8^. 61, 100, 114^8^183^,,. 

212*. 374. 437». 443», 478» 
TOTAL QTY GROSS 480 TOTAL QTY FAIL 61 

OfTY NEW FAIL (1.06^) 

s/j,s o, m, ?8». 28.29gr3i», — 
oft», m*. 114». 121». ISO*. 157*. 159*. 178. - 

20S*. 209». 212* « 222». 23p». 233», , ^*1 

289*. 302»1_317*. 827», 334», &*, 3T^ - 
372*. 374*. 377* 384*, 39Ï*jI325*j 39^^,39^,, 4o8*, 422», 
¡¿Z' U37.\3qr4t3iAf3rTl#, ¿78», IstAæ* 

___ go NO-GO Data Log Failures at +25°C, -55 0 

ELECTRICAL +125°C o. 
„ _1 TOTAL QTY 480 TOTAL QTY FAIL AT +25 C 
1 QTY NEW FAUT" 2 (O.^' 

l6 
QTÏ NEW EAIU 

S/N-s 20». 6¾. ■»». U6»,-iC3. ITg^Jgg^Pg«.- 261. Ä 
G03*. 330*. 363*. 369*. 392*^404* 
s/N's l43, 208, 263 removed from test. 
S/N’s 143, 208, 263 failed due to loose resistor chip. 

TOTAL QTY FAIL at -55°C _7_ „ 
^^TT'r fir, 39», 232». 288».__4û4* 
QTY NEW FAILURES AT -55 C 0 
TOTAL QTY FAIL AT +125 C 
QTY NEW FAILS AT +125°C 1¿ (3.7^) 
S/N's 25^^90^, 99*, 110*. 112. 116». 124, 137»* 
i8s*. 198. 214. 268*. 269« 288*, 331^- 31^*1 33lLi -3^P* 
359*. 362*. 36s*. 373». 3Á0*, li04*, tlb. 431». 435*.± Ji3Z»- 

^3. 4¿6*. 

S/N's 25, 28, 112, 124, 198, 214, 269, 331, 337, ^, ^37, 
443, 498 series resistance slightly over max. limit tu»™' 

X-RAY 
-,- 

Per MIL-STD-883, Method 1012 

TOTAL QTY 20 QTY FAIL _0_ 
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TEST GROUP NUMBER 5 

l 
EXTERNAL VISUAL 

INSPECTION 

END OF CLASS "A" SCREENING 

EFT SAMPLE 

Per MIL-STD-8Ö3, Method 20uy 

TOTAL qUY 367 QTY FAIL _0_ 

Total $ Fallout Due to All Process ins 26.5¾ 
Percent Fallout Excluding Initial Failures~% 

Quality Conformance Inspection 
Sample Size '+5 

S/N's .15, 2271^. 39, 68, 72, 77. 8U, 86, q6. jjR. 
133i 138, I65, 193, 215. 226. 235. 24o“ 24S. 256, 
2.4P, 261, 277., 278, 291, 3ÕU, 307. 310. llUf 330, 

376, 381, 385. 386. 388. klk. Uis. 426. 428, 
■446. 446. 48¾. 4qi 

Per MIL-STD-883, Method 1010, Cond. C, 

10 Cycles -65°C to +150°C 

TOTAL QTY _4¿ 

48 hours @ +125°C per MIL-STD-883 
Method 1015, Cond. A 

TOTAL QTY 45 

Data Log 

TOTAL QTY 4¿_ 

QTY FAIL _0_ 

I68 hours @ ^125°C per MIL-STD-883, 

Method IOI5, Cond. D 

TOTAL QTY J+5 
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TEST GROUP NUMBER 5 

Data Log 

TOTAL <2TY 45 
QTY FAIL 0 

Per MIL-STD-8Ô3, Method 2001, 
40,000 G, Y1 Axis 

TOTAL QTY 45 

! 

> f 

LEAD BEND 
AND PutJ*« 

> f 
FINE 

sea: 
4 GROSS 

Cl TEST 

Pull per MIL-STD-883, Method 2004, 
Cond. A (5 parts) 
I«ads 1, 3, 5, 7, 9 pulled 

34. 165, ¢1. ¢6. tö-i 

Bend per EFT-800 on 5 parts 
Leads 2, 4, 6, 8, 10 bent 

S/N’s of parts .34, 165. 381. Rß8. 48s 

Per MIL-Sri)-ö83, Method 1014, 
Conditions A and Step 2 of C 

TOTAL QTY FINE 4$ QTY FAIL 0 

TOTAL QTY GROSS 
S/W s 381. tós 

Jil. QTY FAIL 2 

S/n's 381, 485 vere used for lead 
testing. 

bend & pull 
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Data Log 

TOTAL QTY 45 
QTY FAIL 0 

Decap 5 parts 
Visual inspection and bond pull tests 
S/N's 34. 165. 383a Mi 

TOTAL QPY QTY FAIL 1 
S/n 388 wedge bond to substrate pulled at 0.8 gm. 

Unopened EFT samples to be sold to production. 

Qty sold to Production 40 

Qty released to Stock 362 j 
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APPENDIX IIIF 

DATA FROM TEST GROUP NO. 6 
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VERIFICATION PHASE TESTING 

FOR HYBRID CIRCUITS CONTRACT 

WITH RADC PER MIL-STD-883, METHOD 500^ 

TEST GROUP NUMBER: 6 
SUPPLIER : C 

QUANTITY: 

RECEIVED: JULY 1970 

PART TYPE: LADDER SWITCH & DRIVER 
S/N's: _1 tliru 542 

DATE CODE: ~702ü, 26o" 

Class "C" Screening 

i 
EXTERNAL VISUAL 

INSPECTION & 

SERIALIZATION 

_\ / 

ELECTRICAL TEST 

AT 25 C. +125°C 
AND -55 C 

> r 

Place serial numbers on all samples 

and look for visual rejects at same 
time. 

QTY: ¿42 

GO NO-GO testing and data log failures. 

TOTAL QTY. 25 C: ¿42 
QfTY. FAIL 25 C: (6.08¾) 

s/n' 73» 93 _2ái. 

m 19°, i%, IpZpSI329,330,343, 
4^1, 455, 490, 497, 510. 535. 
53b 

Above units fail the series resistance 
maximum limit. 

TOTAL QTY. -55°c. 

TOTAL QTY. FAIL -55¾ 86 

QTY. NEW FAIL: 65 (12.75%T 

S/N's: 8, 15, 24, 43*. 46, 51*. 54*. gz&zÊzM: T3*. Tf, s5: 
86796*, 101 j 115, 117. 123. 
iä“ 

Va IS* 111*, 139*, 

ipi;ig3, 165, m, 177. i8l7 
185*, 188», 190*, 195*. 197r 
220, 220, 222, 227. 230. 231. 
233*, 234, 237*. 242. 252. 26o*. 
(Continued next page) 
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TEST GROUP NUMBER: 6 

s/n1 (Continued): 270, 287, 290, 
291, SOP, 302, 309, 31.3, 355, 

ny, teg. I;»»: 
447, 1+04, 474, ^79, 486, 4-90*, 

509, 3104, 31^, ^21, 
927, 931, 932/934, 

All the above failures, except S/N 396, 
fail the series resistance maxima^ limit. 
S/N's: 73, 119, 123, 143, 174, 177, 1¿3, 

39b> 474 also fail to meet the 
maximum limit for offset voltage. 

TOTAL QTY. +125°C: 9^2 
QTY. FAIL +I25 C: 0 

INITIAL FALLOUT REMOVED FROM TEST: 

98 
W2 

I8j£ 

Per MIL-STD-883, Method IOO8, Cond. C 
48 Hrs. minimum @ +150 C. 
OfTY: 444 

GO NO-GO data log failures. Test in 
Dept. 32-38 with RADC programs. 
TOTAL QTY: 44¿ 
Q'TY. FAIL: 2 

S/N's: 331» 394 - Marginal series 
resistance. 

Per MIL-STD-883, Method 1010, Cond. C 
10 Cycles, -65°C to +lS0°c 

Transfer time less than 1 minute. 
QfTY : 44¿ 
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GROUP UUÎU-RR: 6 

GLl'ICTRICAL GO NO-GO data les failures. 
TOTAL QTY: 443 
(ffY. FAIL: O 

Per MIL-STD-883, Method 2001, 30,000G 
QTY: 443 

Per MIL-STD-OÛ3, Method 10l4, Cond. A 
And Condition C, Step 2. GO NO-GO 
fine leak rate limit 1 x 10"^ ATM 
cc/sec. 

Total Qty. Fine Seal Tested: 443 
Total Qty. Gross Seal Tested: ^3 
Qty. Fail Fine: 1 (0.23½) s/n 315 
Qty. Fail Gross:~3 (o.6TT%) 
S/N's: 112, 203,~^39 
s/n 112 - Had many fine bubbles. 

Data log all units. 
TOTAL QTY: 443 
QTY. FAIL: ~T (0.90^) 
S/N's: 92, 159, 184, 313 

s/n's: 92, 199, 184, 913 - removed 
from test. 
S/n's: 94y 159 ~ Transistor chip 
loose from substrate. 
S/n's: 184, 913 - Resistor chip loose 
from 'substrate. 

End of Class "C" Screening Procedures per MIL-STD-883, Method 5004. 

TOTAL FALLOUT FOR CLASS C 
PARTS: ..o, 

= 20¾ 

TOTAL FALLOUT EXCLUDING INITLIL 
FAILURES: 

10 = 2.26¾ 
444 
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TEST GROUP NUMBER: 6 

Beginning of Class "B" Screening per MIL-STD-883, Method 500U 

BUR 

ta = 

l6€ 

[-IN ^ 
0 

+125 C 

Hrs. 

_s /_ 

ELECTRICAL 

ï 
End of Class "B" Processing 

Per MIL-STD-883, Method IOI5, Cond. D. 
Data log all units. 
TOTAL QTY: ^39 
QTY. FAIL: 0 

TOTAL FALLOUT FOR CLASS B PARTS: 

108 ocvL 

TOTAL FALLOUT EXCLUDING INITIAL 

FAILURES: 

10 = 
TO" 

2.26½ 

Beginning of Class "A" Processing per MIL-STD-883, Method 5004 

Liquid to Liquid 

TOTAL QTY: 1+39 

Per MIL-STD-883, Method 1011, Cond. C 

15 Cycles, -65 C to +150°C 

_^_ 

THERMAL 

SHOCK 
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TEST GROUP NUMBER : 6 

GO NO-GO Data Log Fails 

TOTAL QTY: 439 

QTY. NEU FAIL: 2 (0.4¾^) 

S/N's: 136,. 4%T 

S/N 443 removed from test. 

S/n 443 .''’ailed due to a loose resistor 

chip. 

Per MIL-STD-883, Method 2002, Cond F 
Axis, One Shock, 20,000 G Peak 

TOTAL OfTY : 433 

QTY. DAMAGED' 0 

GO NO-GO Data Log Fails 

TOTAL QfTY: 4^8 

qfTY. NEU FAIL: 9 (2.1½) 

S/N's: 11, 37, 76, 90, 166, 218, 328, 
337, 403~ 

S/N's: 11, 97, 76, 90, 166, 218 - 
Removed from test. 

S/N 11 - Open gold ball bond to aluminum 

metalization on resistor chip and open 

wedge bond to aluminum metalization on 

transistor. 

S/N's: 57, 76 - Open gold ball bond to 
aluminum metalization on transistor- 

emitter. 

S/n 90 - Loose transistor chip, 
s/ll 166- Loose transistor chip. 
s/n 218- Open gold ball bond to thick- 

film gold on substrate. (Lead was not 

bonded to scrubbed area near chip.) 

S/N's: 328, 337, 403 - Series resistance 

drifted over maximum limit. S/N 328 also 

had circuit leakage drift over maximum 

limit. 
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T2uT GROUP NUMBER: 6 

Per MIL-GTD-333, Method 2001 
30,000 G Y2 Axis, Cond. E. 
TOTAL QTY: ^32 

GO NO-GO Data Lop; Fails 
TOTAL (¿TY: 432 
iffY. NE’.i FAIL: 133 (30.3¾) 

1, 3. 5. 1':, 13, 22. 2s. 

4?, 43, 32,64, b3, oQ, 
71, 79 , 307 97. 100. 102710^ 
10§, 107, 112, 113; IPI,^^ 
loi, lo;), 191, 190, 201, 202. ?0R. 
loo, 210, 223, 223, 226. 229!" 
232' 239, 243, 245, 24b, 251, 

202, 296, 303. 304 3oé "■ 
335; jiiMïïôi- 

Wf , 343, 346, ÿ», 330] 33ît~ 
Í!j6, 360, 36I, 362^ 366, 3oo| 

27S 37^ 370lj80Í_ 
335, 391, 392, 400. 401. 

kObj hw, 4i4^ ¿20! 42l! 429. 
j*33j 434, 437. Ui! 44? _ 

453; 459. 
¡+70, 473, 4t6_, U77, )t64, 
^93, 49I, 502, 504, 106. 

¿16, $20, 522, 330, 533, l42 ' 

Failure analysis performed on s/n's 1, 
3, 5 at this time. The rest of the 
failures were left in until after Y axis 
acceleration. ^ 

NOTE: Actual catastrophic fallout due 
to Y2 axis acceleration (i.e., 

axis acceleration at 4o,OOOG 
did not make parts O.K. again). 

47 
10.9¾ 
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TEST GROUP NUMBER: 6 

Failures due to Y2 axis acceleration at 30,000 G: 

s/r 00 

S/N's 

S/n's 

S/N's 

S/N'n: 

S/n!s: 

S/n's: 

- ± 23> 27> 31. 36, 37, 4s. 4a. 50, 52, 6k. 68. 7Q. 
97, 102, 10b, 112, 121 140. 15T7 íèo. 101 ?m ono 

ii 
376, ^85, 391, ^00, 403^ 4q6^ 421[ 1 

g* ><*, nfe, wu! ^h' L^A 
to drooped leads causing shorts but passed after ¡+0 000G 
acceleration in the Y1 axis. ' 

IS, 28, 47. 69, 71, 89. 100, 104. i6t 198, 206 806 
id-i 371. fn! 392. 42¿. 43(. 4^9 f20 parts 
Part destroyed due to overstress caused by automatic 
microcircuit tester malfunction. 

2^.3-07, 282 366, klk, 458. 502r S33 (8 parts). Qnitter- 
oe. leads of transistor Q_ shorted and remained shorted 

after acceleration at 40,000 G in axis. 

r-r 2J5, 28u^36l, 3^2/ 1173 P0^3)- Internal 
re drooped down and touching conductor on substrate 

and edge of chip. Parts remained shorted after 4o 000G 
acceleration in Y1 axis. 

- Leads shorting to edge of chip. 

0½ " Internal wire drooped down and touching con¬ 
ductor on substrate. Parts remained shorted after 40.000G 
acceleration in the Y^ axis. 

jy° ‘ pailed due Po leads drooping down and shorting. 
Yi axis acceleration a wedge bond also became loose. 

S/N 506 - Leads drooped down and shorting, but leads to Q not' 
shorted. After Y-^ axis acceleration emitter-base^leads 
to Q shorted. 

j'N 5 - Leads shorting to edge of chip and to conductor on sub¬ 
strate . 

S/N 328 - Transistor chip cracked. 

S/N 530 - Loose internal gold wire wedge bond to aluminum metali- 
zation on resistor chip. 

o/n 442 - Offset voltage drifted over maximum limit. 
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TEST GROUP NUMBER: 6 

\¿_ 

ACCELERATION 

Yx AXIS 

> l_ 

ELECTRICAL 

1 

S/n 386 - Leads drooped down and 

shorted which cleared up after Y axis 

acceleration at 40,0000 but offset 

voltage remained over maximum drawing 
limit. 

Per MIL-GTD-883, Method 2001 
40,0000 Y Axis, Cond. E 
TOTAL QTYt 429 

GO NO/GO Data Log Fails 

TOTAL QTY: 429 

TOTAL QTY. FAIL: ¿L 

QTY. NEW FAILURES : 7 ^1.63^) 

S/n'c: l4*, 18*, 29*, 28f R2», 4p. 4?*, ss, 
59», 71*, lOO^', 104*,~Í07¿, 
113*, 127, lòl», 198*. 206*, 249*. 
2Ò5*, 280, 282*, 306*. 321*, 32;>, 
339, 39-3*, 3bl», 3b2*, 366*, 371*. 
373*, 380^, 386*, 392», 40Í, 4l4*, 
k2Ö*, 43O*, 43W, 442»! 4T^' 44t»! 

473*, 3Qg*! 506*, 930*, 933* 

S/N 3Ö6 - Left on test - other failures 

removed from test. 

s/n's: 42, 93, 280, 906 - Emitter-base 
leads of transistor Q? shorted due to Y 

axis acceleration moving leads after Yp1 
axis acceleration. 

S/N's: 3Q0, M-5 - Loose gold wire wedge 

bond to aluminum metalization on resistor 
chip. 

S/N's: II3, I27 - Open wedge bond at neck 
down of gold wire. 

S/N 339 - Open gold ball bond to gold 
conductor on substrate. 

s/n 401- Open gold ball bond to aluminum 

metalization on emitter of Q . 
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TEST GROUP NUMBER : 6 

Per MIL-STD-883, Method 1014 
Condition A and C, Step 2 
TOTAL Q'TY. FINE: 369 
TOTAL QTY. FAIL: 
qfTY. NEV/ FAILURES: $ (1.36¾) 

s/n’s: 6, 249, 251. 315*r R6sr 4s? 

TOTAL QTY. GROSS: 369 
TOTAL QTY. FAIL: 7 
QTY. NEW FAILURES: £ (1.63¾) 

S/N's: 6, 249, 273, 278. 289*. 452 
509 

GO gO-GO Data Log Failures At 25°c 

-55 c, +125°C. 
TOTAL QTY: c 
TOTAL QTY. NEW FAIL at +25 C: 8 (2.17^) 

S/N's: 10, 63, 12, 84, 182, 312, 38I, 

S/N's: 10, 63, 312, 381 - Open gold 
wire wedge bond going to aluminum 
metalization on resistor chip. 
S/N J2_- Two open gold wire wedge bonds 
going to aluminum metalization on resistor 
chip. Also, lead from pin 6 touching edge 
of resistor chip. 
S/N's: 84. 182. 5QR - Open gold wire wedge 
bond going to aluminum metalization of trans¬ 
istor Qg emitter. 

TOTAL QTY. FAIL AT -55°C :13 
QTY. NEW FAILS: 3 (0.81#)"" 

S/N's: 10*, 45. 63», 72». 84*. 18^. 187 
31?*, 301*, 3¿J¿», 403*, 503^~53? 

S/N s: 45, 187, 538 - Series resistance 
measures over maximum limit at -55°C 

TOTAL QTY. FAIL AT +125°C: L? 
QTY. NEW FAILS: 10 
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TEST GROUP NUMBER: 6 

Operating Life with Loads per 
MIL-STD-883, Method IOI5, Ccnd. D. 
TOTAL QTY: 379 

GO NO-GO Data Log Fails 
TOTAL QJTY: £[6 
<3TY. FAIL: 0 

72 Hrs. @ +150 c per MIL-STD-883, 
Method IOI5, Condition A 
TOTAL OTY: ¿7¿ 

GO NO-GO Data Log Fails @ 
0 

25 C 

TOTAL QTY: +25 C: 370 
QTY. NEW FAIL: 1 (0.27^) 
S/N 463 - Transistor Q1 or Qg channeled 

Per MIL-STD-883, Method 2001 
40,000G, Y1 Axis 
TOTAL tffY: ¿69 
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TEST GROUP NUMBER: 6 

s ¿ 

X -RAY 

_i L 
EXTERNAL 

VISUAL 

INSPECTION 

S/N's: 10*, 63*, 72*> 8U*, 182*, 
31?*, 3Ü1*, 403*, ^03* 

Per MIL-STD-883, Method 1012 
TOTAL QTY: 20 

qy/- FAIL: 0 

Per MIL-STD-883, Method 2009 
TOTAL QTY: 3^0 

QTY. FAIL: 0 

End of Class "A" Screening 

TOTAL FALLOUT TO OBTAIN CLASS "A" 
PARTS: 

5f§ ” 
TOTAL FALLOUT EXCLUDING INITIAL 

ELECTRICAL TO OBTAIN CLASS "A" PARTS: 

9^ 
OTT 20.^ 

EPT SAMPLE Quality Conformance Inspection 

Sample Size 45. 

TOTAL QfTY: 4¿ 

S/N's 13, 27, 4o, 49, 52, 59, 64, 75, 
79, 91, 118, 121, 155,184, 167, 
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TEST GROUP NUMBER: 6 

Per MIL-STD-883, Method 1010, Cond C. 

10 Cycles -65°C to +150°C 
TOTAL qn : 

1 n 0 
48 Hours § +125 C per MIL-STD-883 
Method IOI5, Condition A 
TOTAL gTY: b¿ 

Data Log Failures 

TOTAL QTY: 
QTY. FAIL: 0 

I68 Hours @ +125 C per MIL-STD-883, 

Method IOI5, Condition D 
TOTAL QTY: 

GO NO-GO Data Log Failures 
TOTAL qjTY: 

QTY. FAIL: 0 

Per MIL-STD-883, Method 2001 

l*0,OOOG, Axis 

TOTAL QTY: 
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TEST GROUP NUMBER: 6 

Pull per M.TL-STD-8Û3, Method 2004 
Condition A (5 parts) 
Pin Numbers : 1, 3, 5, 7, 9 

S/N's: 13, 16k, 167, 207, 384 
Q'TY. PAIL: 0 - 

Bend per EFT-800 on 5 parts 
Pin Numbers : 2, 4, 6, 8, 10 

S/N's: 13, 164, 167, 207, 384 
«TY. FAIL: 0 - 

Per MIL-STD-883, Method 1014 
Conditions A and Step 2 of C 
TOTAL QTY. FINE: 4S 

ÇfTY. FAIL: 0 

TOTAL QTY. GROSS: 4¿ 

OTY. FAIL: 0 

Data Log 

TOTAL QTY: 4¿ 

QTY. FAIL: 1 (2.22¾) 
S/N: 27 

S/N 27 - Open gold wire wedge bond going 

to gold thick-film conductor on substrate. 

Decap six (6) parts 
Visual Inspection and bond pull tests 

(12 wires pulled per s/n) 
S/N's: 13, 27, 164, I67. 207. 384 

TOTAL QTY: 6 QTY. FAIL: 3 

S/N's: 13, 27, 167 

s/n 13 “ Ball bond pulled at 1.0 gramj 
one wedge bond pulled at 0.7 gram, another 
pulled off at 1.2 grams. 
S/N 27 - One wedge bond pulled off at 0.7 
gram; another pulled off at I.7 grams. 
S/N 167- One wedge bond pulled off at 1.6 
grams. 
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TEST GROUP NUMBER: 6 

DISPOS 

OF L 
ITION 
or 

_i L_ 

TO STOCK 

Unopened EFT camples to be sold to 
production, 

QTY. SOLD TO PRODUCTION: 38 

QITY. RELEASED TO STOCK: 333 
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APPENDIX III G 

DATA FROM TEST GROUP NO. 7 
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VERIFICATION PUASF TESTING 
FOR HYBRID CIRCUITE CONTRACT 

with radc per MIL-GTD-8ü3, METHOD ‘,004 

TEST GROUP NUMBER: T 

SUPPLIER: 2 
QUANTITY : §9 
RECEIVED: SEPT 1970 

PART TYPE : LADDER SWITCH & DRIVEE 

SERIAL NO1 s : 3^3 through ('»jl 

DATE CODES : 7032, 7034 

Class "C" Screening 

Place serial numbers on all samples and 

look for visual rejecis at same time. 

QTY: §2 

GO NO-GO testing and data log failures. 

TOTAL QTY. 27 C: 89 
QTY. FAIL 25 C: 0 

TOTAL OTY. -55°C: 09 
QTY. FAIL -55 C: 2 (2.25^) 

S/N's: 575, 614 _ 
575, 614 - Fail gaximum limit for 

series resistange at -55 C. 

TOTAL QTY. +12^ C: §2 
OTY. FAIL +125 C: 0 

Per MIL-STD-O83, Method IOO8, Cond. C 
48 hours minimum 9 +150 C 

QfTY: 89 

GO NO-GO data log failures 

TOTAL OTY: §2 
qjn. FAIL: 0 
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TEST GROUP NUMBER: 7 

Per MIL-STD-Û83, Method 1010, Cond. C 
10 Cycles, -65 ç to +150^ 

Transfer time less than 1 minute. 
QÜT: 89 

GO NO-GO data log failures 
TOTAL QfTY : 89 
OTY. FAIL: ~1 (1.12¾) 

S/n's: ol4 - Removed from test. 
S/N 61L loose gold ball bond to 
aluminum metalization on transistor. 

Per MIL-STD-883, Method 2001; 30,0000 
QTY: 88 

Per MIL-STD-883, Method 1011+, Conditions 
A and C, Step 2. GO NO-GO fine leak 
rate limit 1 x lO'? ATM cc/sec. 

T0T/\L OTY: 88 (Seal Tested) 
«TY. FAIL FINE: 6 (6.82¾) 

s/N's: ¿jit ¿¿¿4 067, 569. 579. 601 

«TY. FAIL GROSS: 2 (2.27¾) 
S/N's: 567 - 

Data log all failed units. 
TOTAL ÇTY : 88 
QTY. FAIL: 0 

End of Class "C" screening procedures per MIL-STD-883, Method 5004. 
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TES" GROUP NUMBER : 7 

TOTAL CLASS "C" SCREENING FALLOUT: 

8 
39= 2£ 

CLASS "C" FALLOUT EXCLUDING INITIAL 
ELECTRICAL FAILURES: 

7 
ÏÏ9 

7-87^ 

Beginning of Class "B" Screening per MIL-STD-883, Method 500U 

End of Class "B" Processing 

Per MIL-STD-883, Method IOI5, Cond. D 
OTY: 88 

Data log all failed units 
TOTAL QTY: 03 
QTY. FAIL: 0 

TOTAL FALLOUT TO GET CLASS "B" PARTS: 

0 
9£ 

FALLOUT TO GET CLASS "B" PARTS EXCLUDING 
INITIAL ELECTRICAL FAILURES: 

7 
O9 1Æ 
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TEST GROUP NUMBER: 

Beginning of Class "A" Processing per MIL-STD-883, Method 5004 

Liquid to liquid 
TOTAL CffY : 88 
Per MIL-STD-OÏÏ^, Method ¿011, Cond C 
15 Cycles, -05c to +15O C 

GO NO-GO Data Log Fails 
TOTAL QTY : 88 
OTY. neu FAIL: 1 (l.l4^) 

s/n 572 - Series resistance drifted 
over maximum limit. 

Per MIL-STD-883, Method 2001 
40,000 G, Y. Axis 
TOTAL Q'TY: 88 

GO NO-GO Data Log Fails 
TOTAL qfTY : 88 
QfTY. NEW FAIL: 6 (6.82#) 

S/N’s: 551. 566, 572. 587, 595* 602 

S/N 55I, 595 - Loose gold ball bond to 
aluminum metalization on emitter of 

transistor. 
S/N's 566, 572 - Loose gold wedge bond 
to aluminum metalization on emitter of 

transistor OT. 
S/N's 587, 602 - Loose transistor (^) chip. 
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TEST GROUP NUMBER: 7 

Per MIL-STD-883, Method 2002, Cond F 
Y. Axis, One Shock; 20,0000 Peak 
TOTAL QTY: 82 
QTY. DAMAGED: 0 

GO NO-GO Data Lon Fails 
TOTAL QTY: 82 
QTY. NEW FAIL: 2 (2.44^ 

S/N's: 568, $86 

s/n's 588, 586 - Gold wire wedge bond 
to aluminum metalization of emitter on 
Qg open. 

Operating life with loads per 
MIL-STD-883, Method, 1015, Cond. D 
TOTAL Q'TY: 79 

GO NO-GO Data Log Failures 
TOTAL QTY : 79 
Q'TY. NEW FAIL: 1 (l.22$) 
S/n 588 - (Removed from test) 

s/n 588 - Silicon particle shorting base 
metalization to collector metalization 
on transistor Q . 

72 Hours @ +150 C per MIL-STD-883, 
Method 1015, Cond. A 
TOTAL OTY: 78 

GO NO-GO 0 
TOTAL QTY. +25 C: 78 
OTY. FAIL: 0 
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TEST GROUP NUMBER: 7 

Per MIL-STD-883, Method 2001 
h0,00CG; Axis 

TOTAL QTY: j8 

Per MIL-STD-883, Method 1014 
Conditions A and C, Step 2 
TOTAL QTY. FINE: 78 
TOTAL QTY. FAIL: 2 
TOTAL NEW FAIL: 0 
S/n's: 5kk#, 567* “ 

TOTAL ÇTY. GROSS: 
QTY. NEW FAIL: 
s/n 593 

70 
1 (1-2W 

Data Log Failures 
TOTAL QTY. +25°C: 

QTY'. NEW FAIL: 
78 
"£(5.13*) 

S/N’s: 365, 573. m. 600 

S/n's: 365, 58L - Open gold wire wedge 
bond to aluminum metalization on 
resistor chip. 

s/n's: 573j 58^-j 600 - Open gold wire 
wedge bond to aluminim metalization at 
the emitter of Q^. 

TOTAL QTY. -55°C: 78 
QTY. FAIL: 8 ~ 
QTY. NEW FAIL: 3 (3.85*) 

S/N's: ¿6 
S77- >«4», 592, bOO» 

S/N 577 - Offset voltage drifted over the 
maximum limit at -55 C. 
S/n's 583, 592 - Series resistance drifted 
over the maximum limit at -55 C. 
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TEST GROUP NUMBER: 7 

TOTAL QTY. +125 C: 7¾ 

¢17. FAIL: 6 
QTY. NEW FAIL: 2 

S/N's: 573*» 575, 584*, 600», 

s/n's: 575, 620 - Series resistance 0 
drifted over the maximum limit at +125 C. 

Per MIL-STD-883, Method 1012 

TOTAL QTY: 20 

¢17. FAIL: 0 

Per MIL-STD-883, Method 2009 

TOTAL ¢17: 63 
¢17. FAIL: 0 

End of Class "A" Screening 

PERCENT FALLOUT TO OBTAIN CLASS "A" 

PARTS: 

= 

PERCENT FALLOUT EXCLUDING INITIAL 

FAILURES: 

= 30,^ 
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TEST GROUP NUMBER: 7 

Quality Conformance Inspection 
Sample size 
TOTAL QTY : 

S/N's: ^0, 5?3, ?57, 560, 562, 
563, ?64, 370; m, ÿÇ 
5U9, 593. 59^, 59¿, 59T, 59?. 
6O3, 604, ¿05, ¿067 DO?. 6O0, 
^10, ¿13' ¿16, 111, 616^ ¿19, 
¿20, 621, 62$, ¿31 

Per MIL-STD-883, Method 1010, Cond. C 

10 Cycles -65°C to +150°c 

TOTAL QTY: ¿k 

1+8 Hours g +125°C per MIL-STD-883 
Method 1015, Condition A 

TOTAL QTY: ^ 

Data Log 

TOTAL ÇTY: 
QTY. FAIL: 0 

I68 Hours g +125°C per MIL-STD-383 

Method IOI5, Condition D 
TOTAL QTY: ¿+ 

Data Log Failures 

T0T/\L QTY : ¿+ 

QTY. FAIL: 0 
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TEST GROUP NUMBER: 

Per MIL-STD-883, Method 2001 
40,000G; Yi Axis 

TOTAL QTY: ¿4 

Pull per MIL-STD-883, Method 2004 
Condition A (4 parts) 

Pull Lead No's: 1, 3, 5, 7, 9 

s/n's of Parts: 581,605, ¿20, 631 
QTY. FAIL: 0 

Bend per EPT-800 on 4 parts 

Bend Lead No's: 2, 4, 6, 8. 10 

S/n's of Parts: 501, 605, b20. 631 
QTY. FAIL: 0 - 

Per MIL-STD-883, Method 10l4 

Conditions A and Step 2 of C 
TOTAL QTY. FINE: 34 

QTY- FAIL: 0 
TOTAL QTY. GROSS: 3^ 

QTY- FAIL: 0 

Data Log 

TOTAL QTY: 

QTY. FAIL: 1 (2.9H) 
s/n 606 

S/n 606 - Series resistance drifted 

over the maximum limit due to a loose 

gold vire wedge bond to the aluminum 
metalization at the emitter of Q . 
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TEST GROUP NUMBER: 7 

Decap 5 parts 

Visual inspection and bond pull 

tests (12 wires per part pulled) 

S/N's: 581, 605. 606, 620, 631 

TOTAL gnr: Ji qn. FAIL: 5 

S/N's: 581, 605, 606, 620, 611 

S/N 581 - Three gold wire wedge 

bonds to aluminum metalization on 

resistor chip broke at 0.6, 1.0 

and 1.1 gms, respectively. 

S/n 605 - Gold wire wedge bond to 

aluminum metalization at emitter of 

broke with no force. Gold wire 

ball bond to aluminum metalization at 

emitter of pulled off at I.7 gms. 

s/n 606 - Gold wire wedge bond to 

aluminum metalization at emitter of 

Q2 open. Gold wire wedge bond to 

aluminum metalization on resistor chip 
broke at I.7 gram. Gold wire ball 

bond to emitter of Q. pulled off at 0.8 
gram. ^ 

S/n 620 - Gold wire ball bond to base 

of pulled off at 0.9 gram. Gold 

wire wedge bond to emitter of o br0ke 

at 1.4 grams. ^ 

S/N 631 - Gold wire ball bond pulled 

from emitter of 0 at 0.7 gram. 

Unopened EFT samples to be sold to 
production. 

QTY. RELEASED TO STOCK: ¿3 
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APPENDIX III H 

DATA FROM TEST GROUP NO. 8 
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VERIFICATION PHASE TESTING 
FOR IfYBRID CIRCUITS CONTRACT 

WITH RADC PER MIL-STD-8Ö3, METHOD 5004 

TEST GROUP NUMBER: 8 

SUPPLIER: Ç 
QUANTITY : 3î 

PART 'TYPE: LADDER SWITCH Sc DRIVER 

SERIAL NOS: 1 through3^2 

T¡(ypp• These carts were originally in Group No. 6 but were removed 
after the initial electrical tests, because they were mar¬ 
ginally out-of-limit for an electrical^parameter. Later they 
were put on test as test group number 8. 

Class "C" Screening 

EXTERNAL VISUAL 
INSPECTION AND 

SERIALIZATION 

ELECTRICAL TEST 

AT 25°Cé +125 C 

Am -55 C 

Place serial numbers on all samples 
and look for visual rejects at same 

time. 
QFY : §7 

GO NO-GO testing and data log failures. 

TOTAL QTY. 2£ C: §7 
QPY. FAIL 25 C: 23 (26.4^1 

S/N's: 51. 5U, 93. W. I«?, 18S, 

MoTg^. 23T.WbO, 
Æ7 y . »13. »3t »35. »50. 
Ml EU V90,IS 

TOTAL QTY. -55°C: 87 
TOTAL QTY. FAIL -55®C: 77 (88.5^) 

S/N's: 8. 15. 24, Ip* 46, 51$ 5^*. 
77. Bb. 101, 115, llTl I 

mnto, 133, 13?, ijy», 
TirrriitT. Ei. »3. i;6,15», 

171.I m! i«3, 
W*. 190», 197. 220, 222, 227 

2ÊÕ7233. 233», 23^, 23T*. 242~ 
2S2728Õ». 270 . 287, 290/291, 30ÕI 

30P. 300. 313. 325, 393, 396, . .. 
(Continued next page) 
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TïïST GROUP NUMBER : Ô 

S/n's: (Continued) 

413*. 422, 433*, 4Ut, 464. 

^/47:3, 4«6, 490*, 493. 509 

323. 527, 531, -332. 
534, 335*- 

TOTAL QTÏ. +12S C: 87 
QTY. FAIL +125 C: “Õ 

Per MIL-STD-8Q3, Method IOO8, Cond. C 
48 Hrs. minimum © +150°c. 

QTY: 87 

GO NO-GO data log failures. 
TOTAL QTY: 87 
TOTAL QTY. FAIL: l4 
QTY. NEU FAIL: 1 (1,15¾) 

S/W's: S, 51*. 93*. 233*. 26o*. 338*. 
343*. 3Q3*/433*/435*. 450*7^ 
451», 455*. 490* 

S/n 8 - Series resistance drifted over 
maximum limit. 

Per MIL-STD-883, Method 1010, Cond. C 
10 Cycles, -65 c to +I50 C 
Transfer time less than one minute. 
QTY: 87 

♦Indicates part failed earlier test 
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TEST GROUP NUMBER: 8 

GO NO-GO data log failures 

TOTAL QTY : 8? 
TOTAL OITY. FAIL: 1? 
OTY. NEV/ FAIL: 0 

S/N’s: 6», 31*, 93«, 139». 185«, 
2Ú\ 237*. ¿60», 329», 33^, 
WT'oy», 1>3?«, ‘»S^TW, ss nr 

Per MIL-STD-883, Method 2001; 30,000 G 

■2TY: §X 

Per MIL-STD-883, Method lOlU, Cond. A 

and Condition C, Step 2. GO NO-GO 
fine leak rate limit 1 x 10“' ATM cc/sec. 

TOTAL QTY. SEAL TESTED: §£ 

OTY. FAIL FINE: _ 1 (1.15^) 

s/N: ^0? (4.7 x 10 atm cc/sec) 

ÇTY. FAIL GROSS: 0 

Data log all failed units. 

TOTAL QTY: 87 
TOTAL QTY. FAIL: 1¿ 
QTY. NEW FAILURES: 0 

S/N's: 8*, 51» 93*. 18^7 ^31^ 

2gg¡ 343*, 363», 433*. 450», 

End of Class "C" Screening Procedures per MIL-STD-883, Method 5004 

TOTAL FALLOUT INCLUDING INITIAL: 100¾ 

TOTAL FALLOUT EXCLUDING INITIAL 

FAILURES: 2/87 = 2.3¾ 
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TEST GROUP NUMBER: 8 

Beginning of Class "B" Screening per MIL-STD-883, Method 5004 

BURN-IN 0 
ta = +125 C 
168 Hrs. 

> / 

ELECTR ICAL 

T 

End of Class "B" Processing 

Per MIL-STD-883, Method IOI5, Cond D 
QTY: 87 

Data log all failed units. 
TOTAL QTY: 8? 
(3TY. FAIL: 0 

PERCENT FALLOUT TO GET CLASS "B" 
PARTS: 

St e Í22Í 

PERCENT FALLOUT EXCLUDING INITIAL 
FAILURES TO GET CLASS "B" PARTS: 

sf * 

Beginning of Class "A" Processing per MIL-STD-883, Method 500^ 

I 
THERMAL SHOCK Liquid to Liquid 

TOTAL Q'TY: 87 
Per MIL-STD-08^, Method ¿011, Cond C 
15 Cycles, -65 c to +I50 C 
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TEST GROUP NUMBER: Ö 

GO NO-GO Data Log Fails 

TOTAL (jfTY : Qj 

TOTAL OTY. FAIL: 1 

Q'TY. NEW FAILURES: Õ 

s/n: kyo* 

Per MIL-STD-883, Method 2001 
40,000 G; Axis 

TOTAL ÇTY: 87 

GO NO-GO Data Log Fails 

TOTAL QTY: 87 
(2TY. NEW FAIL: 1 (1.15¾) 
S/N: 4¿¿ 

s/n 435 - Open gold wire ball bond to 

aluminum metalization of transistor 

0 emitter. 

Per MIL-STD-883, Method 2002, Gond F 
Axis, One Shock; 20,000 G Peak 

TOTAL (¡fTY : 87 
QfTY. DAMAGED: 0 

GO NO-GO Data Log Fails 

TOTAL OTY: 87 
QTY. NEt/ FAIL: 1 (1.15¾) 

S/N: ¿14 

s/n 514 - Gold wire wedge bond to alum¬ 

inum metalization of emitter of open. 

270 



TEST GROUP NUMBER: 8 

Operatinc life with loads per 
MIL-STD-883, Method IOI5, Cond D 
TOTAL QTY: 86 

GO NO-GO Data Loc Failures 
TOTAL qTY: 86 
qPY. FAIL: "3 
qTY. new fail: o 

S/N'g: 139*, 490^ 535* 

72 Hours S -+150 c per MIL-STD-883, 
Cond. A, Method IOI5 
TOTAL CTY: 86 

GO NO-GO 
TOTAL QTY. +25C: 86 
TOTAL QTY. FAIL: IS 
QTY. NEU FAIL: T (1.^1¾) 

s/n1 s: a*. 31*, J4*, 93*. 139*. 158. 
igK lfe*T 190*^ 233*, 237*t 
260*, 433*. ^55*. 490*, 535* 

S/n 158 - Series resistance drifted 
over the maximum limit at 25°C. 

Per MIL-STD-883, Method 2001 
^0,000 G; Y1 Axis 

TOTAL QTY: 86 
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TEST CROIT NUMBER: 8 

Per MIL-STD-883, Method 1014 
Conditions A and C, S+eo 2 
TOTAL QTY. FINE: 86 

QW. NEW FAIL: T (1.16¾) 
s/n ¿38 —-“ 

TOTAL QTY. GROSS: 
QTY. NEW FAIL: 
s/n 338 

86 
1 (1.16¾) 

Data Log Failures 

TOTAL QTY. +25°c: 

QTY. NEW FAIL: 
S/N's: 234, 363. 

86 
■ ¿-13.49ft) 
Jii¿ 

s/n s 234, 363 - Open gold wire wedge 
bond to aluminum metalization on 
resistor chip. 

3/n 413 - Open gold wire ball bond to 

aluminum metalization on resistor chip 
TOTAL QTY. -55°C = 86 
TOTAL QTY. FAIL: TT 
QTY. NEW FAIL: “Õ 

S/N's: Too many to list 

TOTAL QTY. +125°: 86 

TOTAL QTY. FAIL: 

OPT. NEW FAIL: 2 (2.56¾) 

S/N's: 234», 290, 3¿3», 413». 44? 

S/N's 290, 44t - Series resistance0 
drifted over maximum limit at +125 C. 

Per MIL-STD-883, Method 1012 
TOTAL QTY. 20 
QTY. FAIL: "Õ 

Per MIL-STD-883, Method 2009 
TOTAL QTY: 8¿ 

QTY. FAIL: 0 
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TEST GROUP NUMBER: 8 

End of Class "A" Screening TOTAL FALLOUT TO GET CLASS "A" 
PARTS: 

Hr = ¿22$ 

PERCENT FALLOUT EXCLUDING INITIAL 
FAILURES TO OBTAIN CLASS A PARTS: 

37 = 12-65% 

Quality Conformance Inspection 
Sample Size : 36 
TOTAL QTY: ]jïï 

S/N's: 51, 1L7, 152, 153. 156, 16s. 
1¿£, 177> IÜ3, 1977 220, 222. 
233, 237, 242, 252. 2¿0. 270^ 
prpiy 309, 313:323,393: 
ÏÏ22, ^33, Wo, fob, 493! 509t 
gsm mi 527, mi se 

Per MIL-STD-883, Method.1010, Cond.C 
10 Cycles -65°C to +150°C 
TOTAL QTY: ¿6 

o 
Hrs. © +125 C per MIL-STD-883 

Method IOI5, Condition A 
TOTAL (¿Tí : ¿6 

Data Log 

TOTAL QTY: 36 
QTY. FAIL: l 

QTY. mi FAILURES: Õ 
S/N: 450» 
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4 

'^4 - 

TEST GROUP NUMBER : 8 

168 Hours 9 +125°C per MIL-STD-883 
Method IOI5, Condition D 
TOTAL QTY : ¿6 

Data Log 

TOTAL QTY: ¿6 
QfTY. FAIL: 0 

Per MIL-STD-883, Method 2001 
40,0000; Axis 

TOTAL ÇTY: 36 

Pull per MIL-STD-883, Method 2004 
Condition A (4 parts) 
Pull Lead No's: 1, 3, 5, 7, 9 
S/N's Of Parts: I52, 183,220, 523 

QTY. FAIL: 0 

Bend per EPT-800 on 4 Parts 
Bend Lead No's: 2, 4, 6, 8, 10 
S/N's Of Parts: 1$2, I63, 2207 525 

QTY. FAIL: 0 

PER MIL-STD-883, Method 1014, 
Conditions A and Step 2 of C 
TOTAL qjTY. FINE: ¿6 
QTY. FAIL: 0 

TOTAL QTY. GROSS: 3^ 

QTY. FAIL: 0 
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TEST GROUP NUMBER : 8 

V, 

ELECTRICAL 

V _ 

INTERNAL 
VISUAL 

V f 

Data Log 

TOTAL OTï: ¿6 
QTY. FAIL: 0 

Decap parts 

Visual inspection and bond pull 
tests (l2 wires pulled per part) 

S/N's: 132, 163, 220, 514, 525. 

TOTAL ÇJTY: 6 
QTY. FAIL: f 

S/N'a: 1^2, 168, 220, 525. 584 

s/n 152 - Two gold wire wedge bonds going 

to aluminum metalization on resistor chip 

broke at neckdown at 0.5 and 1.6 grams, 
respectively. 

S/N 163 - Two gold wire wedge bonds going 

to aluminum metalization on resistor chip 

broke at neckdown at 1.8 and 2.0 grams, 
respectively. 

S/N 220 - Gold wire ball bond to aluminum 

metalization on resistor chip pulled off 

with no force. Three gold wire wedge bonds 

going to aluminum metalization on reéistor 

chip broke at neckdown at I.3, 1.5 and 2.0 
grams, respectively. 

S/N 525 - Gold wire wedge bond to aluminum 

metalization on resistor chip broke at 
neckdown at 0.8 gram. 

S/n 53^ - Two gold wire wedge bonds to 

aluminum metalization on resistor chip 

broke at neckdown at 0.9 and I.9 grams, 
respectively. 
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TEST GROUP NUMBER: 8 

qjTY. SOLD TO PRODUCTION: 0 

All units fgiled initiatelectrical 

tests at 25 c and/or -55 C. 

Q'TY. RELEASED TO STOCK: 0 
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APPENDIX IV 

FAILURE MECHANISM DETERMINATIONS BY TEST GROUP 
RESULTING FROM 

INCOMING INSPECTION, SCREENING TESTS, AND EPT TESTS 
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VERIFICATION PHASE TEST RESULTS - TEST GROUP NO. 2 

(FAILURE MECHANISMS) 

Q) Incoming Inspection - 6.W# (n) fallout 

^ fail electrical at 25°C 
o fail electrical at -550C 
1 fail electrical at +125°c 

(nj) Clase C Screening - 5.63* (9) fallout 

Ffcil gross hermetic seal test 
2 External lead missing 
1 Transistor collector to emitter short 

ÍTo^nr t0 “^ion on 
1 Loose ceramic substrate 

© Class B Screening (Operating Burn-In) O.61* (1) fallout 

1 ÏSit^ leaka8e CUrrent the maximum 

@ Class A Screening - 77.5Í (lió) fallout 

70 Pail hermetic seal test 
31 loose ceramic substrate 
17 doYn due t0 y2 «i* acceleration and 

10 .«“oÂ^hïTt0 "t,u“tiOT 
6 Package came apart 

3 ^ to thlck on 
2 External lead missing 
1 flail diode leakage current maxim us limit 
1 Loose wedge bond to the external lead post 
1 Loose diode chip 
1 flail circuit leakage current maximum limit at +125°C 

Toui mucrt i„clualllg iMtm teJt, . ^ ^ 

¢) m TtBt »••“Its (30 puts tested) - 10Í (3) f.Uad 

3 Fail gross hermetic seal test. 
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VERIFICATION PHASE TEST RESULTS - TEST GROUP NO. 4 

(FAILURE MECHANISMS) 

© 
© 

Incoming Inspection - 1.63^ (5) Pallout 

5 Fail electrical tests at -55°C. 

Class C Screening - 6.85# (2l) Fallout 

21 Ffcil hermetic seal test. 
1 Offset voltage increased over maximum limit. 

© 

(m) Class B Screening (Operating Burn-In) 1.64^ (5) Ffcllout 

I Offset voltage, series resistance and circuit leakage current 
increased over the maximum limit. 

1 Input offset voltage drifted over the maximum limit. 

1 Input currents increased over maximum limit. 

1 Emitter-base leads of transistor shorted. 

1 Bart shorted due to loose metallic particle. 

Class A Screening - 1.5% (23) Fallout 

II Fail hermetic seal test. 

3 Loose wedge bond to thick film conductor on substrate. 

2 Series resistance increased over the maximum limit at 25 C. 

2 Offset voltage and series resistance increased over the maximum 
limit at -55°C. 

2 Offset voltage and series resistance increased over the maximum 
limit at +125°C. 

1 Circuit leakage current increased over the maximum limit at 25°C. 

1 Offset voltage increased over the maximum limit at 25°C. 

1 Open gold bell bond to aluminum metallisation on transistor chip. 

EFT Test Results (40 parts tested) - 2.5^ (l) failed 

1 Bond pulled at 2.0 grams (80 vires pulled and all other wires 
passed 2 grams pull). 

© 
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VERIFICATION PHASE TEST RESULTS - TEST GROUP NO. 5 (FAILURE MECHANISMS) 

(î) Incoming Inspection - 1.4# (7) Fallout 

2 fall electrical at 25°c 
5 fall electrical at +125°C 

Class C Screening - 11.1# (55) Fallout 

43 fail hermetic seal test 
5 circuit leakage current increased over max. limit 
2 loose resistor chip 
2 series resistance Increased over max. limit 
2 power supply current lcc"0" increased over maximum limit 
1 switching time increased over maximum limit 
1 scratched aluminum metalization shorting collector-base of transistor 

Class B Screening (Operating Burn-In) - 0.23# (l) Fallout 

1 failure caused by holes in silicon oxide under aluminum termination 
for the nlchrome resistors causing them to short through the silicon 
substrate. 

Class A Screening - 15*8# (69) Fallout 

32 fail hermetic seal test 
24 fail, at 25°C‘ due to 40,000 g acceleration in Yg axis which caused 

the internal leads to droop and short. (These parts remained on 
test and the shorts went away during 40,000 g acceleration in the 
Yi axis. 

23 series resistance increased over the maximum limit (25°C) 
16 fail at +125°C due to 40,000 g acceleration in Y? axis which caused 

the internal leads to droop and short at +125°C but not at 25°C or 
-55°C. (These parts remained on test and the shorts went away during 
40,000 g acceleration, in the Yj axis). 

13 series resistance slightly over maximum limit at +125°C (marginal units) 
9 loose resistor chip 
5 lead drooping down and shorting to thick film conductor on substrate 

2 circuit leakage current Increased over the maximum limit 
2 loose gold ball bond to aluminum metalization on semiconductor chip 
2 device channeled and destroyed internal leads from high leakage current 
1 power supply drain current increased over the maximum limit 
1 package borke in mechanical shock 
1 lead shorting to edge of transistor chip 
1 internal leads shorting together 

Total Fallout including Initial Testa - 26.5# (132) 

EFT Test Results (45 parts tested) - 6.67# (3) failed 

2 fail gross hermetic seal test 
1 internal wedge bond pulled off at 0.8 gram (65 wires pulled) 
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