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SECTION I

SUMMARY and CONCLUSIONS

1.1 SUMMARY

The National Aeronautics and Space Administration -
Langley Research Center (NASA-LRC), in attempting to
develop a more meaningful qualification program for
digital monolithic integrated circuits contracted with
Philco-Ford to:

1. Select test vehicles representative of their
entire digital production.

2. Step-stress test these vehicles to failure or
to equipment limitations in key environments.

3. Measure specified electrical parameters
initially and after each stress step.

4, Perform hermeticity tests on all vehicles initially
and for selected environmental tests, after each

stress step.

5. Analyze all catastrophic failures.

1.2 DOCUMENTATION OF THE PROGRAM

The product of the program is the following documentation
which has been presented to the Langley Research Center
in this report or otherwise as noted:

1. Design appraisals of the test vehicles.
2. Summary of the catastrophic failures.
3. Summary and discussion of the failure analysis

and failure modes for the cdtastrophic failures.

4. Summary of the catastrophic and degradation
failures at each stress test.

5. Summary of the number of hermeticity failures.

6. Submission of the collated electrical test data
and hermeticity test data.

a. Submitted in three separate volumes entitled -
Program Test Data for Contract NASI-8714,
Development of Qualification Test Program
for Microelectronic Devices.




7. Submission of the data punch cards.

a. Submitted under separate cover.
8. Failure analysis reports.
a. Submitted with the interim reports.
9., Test vehicles which may be further tested and

the catastrophic failures.
a. Submitted packaged by type.

DATA ANALYSIS

NASA-LRC will analyze the data in detail and develop
distribution curves for all electrical parameters. Upon
completion of this analysis, NASA-LRC will publish a
report with final conclusions concerning the value of
this type of a qualification program.

CONCLUSIONS and RECOMMENDATIONS

The bulk of the failures occurred at stress levels well
in excess of those in general usage for evaluating the
product. Product improvements at Philco-Ford have been
the result of repeated internal testing at levels well
in excess of maximum ratings. The fact that failures
did not occur under certain environments, or that more
failures did not occur at intermediate levels does not
necessarily imply that the stress test is not useful.
The quality of the test vehicle, as developed through
corrective actions resulting from severe stress testing,
must be considered when assessing the value of the
particular environments used in the program. Testing
of competitive types under the same conditions may be
necessary for a complete assessment.



SECTION 11

TEST VEHICLE SELECTION & IDENTIFICATION

2.1 Test Vehicle Selection

Eight hundred and forty devices were selected from
existing logical groupings of monolithic microcircuits
as the test vehicles. These groupings, as families,
have in common the following:

Design Rules
Manufacturing Processes
Mode of Operation

Level of power dissipation or applied voltage
The family groupings include the following:
1. Diode-Transistor Logic (DTL)
2. Resistor Transistor Logic (RTL)

a. Milliwatt RTL (mWRTL)
b, Milliwatt III (mW3)
c. Super RTL (SRTL)

3. Transistor - Transistor Logic (TTL)

The three families are the 'groups' which Philco-Ford
used for the evaluation of the qualification test program.
The devices selected to represent a given family were
chosen to reflect a wide range of factors pertinent to
reliability. For example, devices were selected which
operate with the highest current densities in the metal
patterns, resistors, diodes or transistors or which
represent any unusual design feature.

In keeping with the idea of developing an effective but
economical qualification program, Philco-Ford used
representative packages for each group.

Since defects due to packaging are easily analyzed as
such, it did not appear necessary to run parallel tests
on a group which differed only in package configuration.
Each group was assigned a specific package. For this
study, this was the package in which the device is most
generally manufactured at Philco-Ford.




The devices selected are listed in Table 2.1. All
devices conform to the following fabrication categories:

Fabrication:

Double Diffused
Single Epitaxial
Diffused Buried Layer

Description:

Low voltage, high speed,
saturated switching,

gold doped circuits

Transistors:

Bi-Polar

Metallic System:

*CERPAC &

*%CERDIP TO-5
Die Metallization: Aluminum Aluminum
Wire Leads: Aluminum Aluminum

Package Bonding Pad: Aluminized Gold Plated

Post
Table 2.1 - DEVICE SELECTION and GROUPING
Glass Total
Family Device Function Package Passivated Sample
DTL PL9932 Buffer TO-86
PLI9945 RS/JK Flip Flop *Cerpac
PL9962 Triple 3-Input Gate Yes 315

mW RTL PL9909 Gate
PL9910 Dual 2-Input Gate TO-5 No 315

PL9913 Register

TTL PDY9624 J/K Flip Flop TO-116
PDY9625 Single 8-Input Gate #**Cerdip No 210
#Cerpac: Ceramic Flat Package
*#*%Cerdip: Ceramic Dual-In-Line




Procurement of the Test Vehicles

One hundred and five devices, each of eight types from

the three general product lines or families were procured

within the Philco-Ford Microelectronics Division. The
devices were standard production through the sealing
operation, but the normal preconditioning procedure was
eliminated to provide "raw'" devices for evaluation.

The purpose of using '"raw" devices was to obtain a
representative sample of the product line so that the
data generated would result in unbiased failure distri-
butions. However, the normal 25°C electrical charac-
teristics tests and hermiticity tests were performed

to insure initially good devices and remove any effects
due to leakers, respectively.

Test Vehicle Traceability

The test vehicles were branded with the normal Philco-
Ford identification and the seal code as given in
Table 2.2.

Table 2.2 - DEVICE TYPE IDENTIFICATION

Electrical

Type Specification Seal Code
PLY9909 u7219 51-8-50
PL9910 u7220 42~-8-47
PL9913 u7032 37-8-47
PL9932 u7330 06-8-50
PL9945 u7332 20-8-51
PL9962 u7374 07-8-51
PD9624 u’/938 04-8-47
PD9625 u’/7942 Q2-8-49

A selected number of test vehicles from eight types was
subjected to each of the particular step-stress tests.
Electrical characteristics tests were performed
initially and after each stress level for each of the
seven stress tests. Hermeticity tests were also
performed at the same intervals for two of the seven
stress tests.,

Each device was serialized and the same block of
numbers used for a particular stress test as given in
Table 2.3. This serves to easily identify the
particular device with a given stress test.




TABLE 2.3 ~ SERTAL NUMBERS

and STRESS TESTS

Stress Test

Storage Life
Operating Life
Reverse Bias

Constant Acceleration
Pneupactor Shock
Thermal Shock

Lead Fatigue

Serial Numbers

1
21
41
61
76
91

103

20
40
60
75
90
102
105




SECTION III

DISCUSSION OF THE FAILURE MODES

3.0 SUMMARY OF FAILURE MODES

All failures are tabulated in Section 1IV.

3.1 Elevated Temperature Storage Life

3.

1.1

1.2

General Discussion:

The 24 hour per step stress temperature storage
produced the greatest number of catastrophic and
degradation failures. See Table 4.1 and 4.4 in
Section IV. Table 4.4 indicates that a degradation
type failure is a useful indication of the level of
reliability because it occurs at an early point in
the stress testing. The catastrophic type can also
occur early especially when it is of an intermittent
nature such as could be the case for a pinhole

in the oxide.

As expected, the majority of failures occurred at
the higher temperature levels (above 375°C) where
device destruction became evident.

Failure Modes:

The failure modes are summarized in Table 4.8,
Section 1IV.

The failure modes that occurred at the intermediate
temperatures included bond separations at >300°C at the

Au-Al dinterface. Device external lead oxidation
also occurred as low as 275°C and also at the 300°C
and 400°C steps on tinned Kovar lead devices. All

types of leads are normally cleaned prior to
electrical test to remove any oxides that may have
formed. Several devices with tinned leads were
removed as electrical catastrophic failures. It

was later determined (during failure analysis) that
although cleaned, these devices had more than normal
oxidation (due to the high temperatures). Following
subsequent testing, devices were chemically, as well
as mechanically, cleaned to insure low contact
resistance at leads.

At high temperatures Au-Al compound formation appears
more readily at the TO-5 device post bonds as well as
some evidence of diode degradation within the die




structure. At the high end of the temperature
range device destruction occurs in the form of

seal frit softening (Cerpac and Cerdip), and header
bond separation (T0-5). The header bond separation
(TO-5) occurs simply due to the exceeding of the
Auy-Si eutectic temperature followed by lifting of
the chip. (A1l the TO0-5's were stored for stress
in trays vertically, leads down). Both PL9909

and PL9913 had approximately 507 of devices fail

for header bond separation.

The softening of the seal frit and subsequent
uncontrolled rehardening does apply mechanical
stresses to the lead wires which can cause bond
separation or wire breakage. Whether or not the
separation or breakage occurs is a function of the
extent to which the lead wires are encased by the

glass sealing frit.

3.2 Operating Life at Elevated Temperature

3.2.1

General Discussion:

The 125°C step-stress operating life test was
conducted at increasing levels of dissipation from
200 to 1000 wmilliwatts in 100 milliwatt steps. The

first catastrophic failure occurred at the
milliwatt stress step - see Table 4.5. As
case of storage life, the degradation type
is a sensitive indication of reliability.

also indicates that there were no failures

700

in the
failure
The table
of either

type for the mWRTL family. This is due to larger
base widths, deeper diffusions and higher voltage

isolation diodes than is characteristic of

the other

families. High power stress testing for longer
times would be necessary to generate failures for

this family.

Failure Modes:

At 700 milliwatts the failure mode for the

two

PDY9625 devices was shorted junctions due to metal
migrating along single crystal planes at the

Si - Si0y interface. Misaligned contact cuts
which placed Al-Si contacts closer to diffused
junctions than the design allowance, may have
helped cause the failure when electrical stress

was applied.




At 900 milliwatts, open metallization occurred in
the PD9625's. Grain boundary formation and electro-
migration of aluminum due to device temperature at
this dissipation were factors contributing to the
failures.

3.3 Reverse Bias at Elevated Temperature

3.

3.

1

General Discussion:

The step temperature stress reverse bias (at rated
voltage) test did not generate any catastrophic
failures. However, three PLY9962's did degrade
outside the initial limits for IRB2 at the 150°C
or final step. (See Table 4.7, Section 1IV).

3.4 Constant Acceleration, Y; Plane

3

.

1

General Discussion:

The step stress constant acceleration test in the

Y1 plane did not generate any catastrophic failures.
One PL9932 did degrade outside the initial limit

for IRD. (See Table 4.6, Section 1IV).

3.5 Pneupactor Shock, Y, Plane

3.5.

1

General Discussion:

The step-stress pneupactor shock test in the Y
plane did not generate any catastrophic electrical
failures. It did generate package failures at the
higher G levels indicating that the packages

require extensive protection to avoid deformation

or bending stresses or multiple, uncontrolled shocks
due to reactions at high G levels of short duration.
(See Table 4.6, Section IV).

3.6 Thermal Shock, -65°C to +200°C

3

.6

.1

General Discussion:

The step-stress thermal shock test consisting of

20 cycle steps from -65°C to +200°C did not generate
any catastrophic electrical failures. One device,

a PD9624 degraded for Ip. Also a PL9945 drifted
outside the dinitial limit for VOH for the third
reading (See Table 4.7, Section IV).




3.7

Leak testing, both Helium fine and Fluorocarbon
indicated a varying number of observed leak rates
for several devices at each thermal stress step.
(See Table 4.2, Section 1IV).

A1l the observed fine leakers from the thermal
shock stress test had readings near 1 x 10-8 ATM
cm3/sec and are undoubtedly not bonafide leakers.
The Helium detected was probably entrapped by the
silicon o0il used in this test, which had become
occluded in pores, crevices, and other irregular-
ities. This same occluded o0il can also serve to
entrap Fluorocarbon that that may appear during
the detection procedure. Normally suitable clean-
ing techniques are not adequate after many repeated
immersions in the oil.

No device was removed from any test for several
reasons. First, there was no program criteria for
removal of detected leakers. Secondly, only one
device exceeded 3.6 x 10-8 ATM cm3/sec for Helium
fine leak, although a few of these devices emanated
bubbles during the Fluorocarbon gross test. Finally,
it was decided that more information could be ob-
tained by subjecting these devices to further stress
testing because none had failed the program's
electrical criteria,.

A selected number of these devices including all
the apparent gross leakers were subjected to the
penetrant dye test as a verification measure. None
of the devices subjected to this test revealed any
evidence of the dye internally for either type of
failure. This confirmed that both the Fluorocarbon
and Helium detected were entrapped or occluded in
the device surface.

Lead Fatigue

3.7.1

General Discussion:

The step stress lead fatigue consisted of lead bend-

ing each device lead to failure. The data, Table 4.3,
Section IV, indicates a marked difference for the TO-5
family in the number of bends to failure. This is

probably due to lot variation in the TO-5 header.

The leak test portion of the procedure proved to be
inconclusive since the number of failures varied at
each stage, as in the case of thermal shock,
paragraph 3.6.1.




Overall Discussion:

The data does show clearly how far one can go in a stress-
to-failure program with increasing levels of stress and
still genevrate meaningful failures. Even though meaning-
ful failures were not generated in some of the test groups,
the stress levels achieved are still ones which could have
been meaningful had serious reliability hazards existed

in the test vehicles and does not imply that a particular
stress test is mot useful. The quality of the test vehicle,
as developed through corrective actions resulting from
similar severe stress testing, must be considered when
assessing the value of the particular environments used

in the program. Testing of competitive types under the
same conditions may be of value for further assessment of
the procedure.

From the data generated in the program it will be possible
for NASA-LRC to:

a. Draw conclusions about the reliability of the
devices tested.

b. Design a practical stress—-to-failure test program
for short time product evaluation that would
serve to monitor shifts in device quality as well
as to actually assess device quality, especially
if supplemented by a less frequent but larger
scale testing at closer to maximum rated stress
levels.

¢. Compare the Philco-Ford designs with equivalent
designs of other vendors to help determine the
value of this type of test program as a
qualification concept.




SECTION IV

SUMMARY OF FATLURES GENERATED

The following tables summarize the test results as
follows:

Table 4.1 lists the serial numbers of the catastrophic
electrical failures, by stress test and device type.

It also gives the failure mode and the serial number

of the failure analyses that were submitted with the
interim reports.

Table 4.2 lists the leak test failureS by type that were
detected at the thermal shock stress step intervals for
both helium and gross leak tests.

Table 4.3 l1lists the number of lead failures at the lead
fatigue stress test intervals as well as the number of
leakers that were detected.

Table 4.4 summarizes the number of electrical and
degradation failures that occurred at each level of
the storage life stress test for each device type.

Table 4.5 serves the same purpose as table 4.4 for the
operating life stress test.

Table 4.6 serves the same purpose as table 4.4 for the
constant acceleration and pneupactor stress tests.

Table 4.7 summarizes the number of electrical degrada-
tion failures for each device type that occurred at
each level of the thermal shock and reverse bias tests.
There were no catastrophic failures.

Table 4.8 summarizes the failure modes as determined
through analysis of the catastrophic electrical
failures.
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Table 4.1 - CATASTROPHIC FAILURES, ELECTRICAL TEST
STRESS TEST TOTAL NO.| NO. SERIAL
TEST CONDITIONS|TESTED FAILED TYPE NO. FATILURE MODE FAR NO.
Storage 75°¢C 160 0
Life 125°¢C 160 1 u7330 PL9932 11 Pinhole in Oxide 9-0031
24 hours 175°C 159 0
per step 225°C 159 0
250°¢C 159 0
275°¢C 159 1 u7938 PDY9624 5 Oxidized Device Leads 9-0061
300°¢C 158 1 u7032 PL9913 12 Post Bond Separation 9-0060
2 u7938 PD9624 2,8 Oxidized device leads 3-0061
375°C 155 2 u7032 PL9913 5,10 Au-Al formation at post | 9-0064
400°C 153 1 u7942 PD9625 14 Oxidized device leads 9-0061
1 u7938 PD9624 16 Oxidized device leads 9-0061
1 u7032 PL9913 7 Au~Al formation at post | 9-0083
425°cC 150 2 u7032 PL9913 2,18 Diode degradation 3-0073
450°C 148 1 1u7220 PLY9910O 8 Post bond separation 9-0065
1 u7032 PL9913 4 Post and chip to 9-0084
header bond separation
1 u7938 PD9624 11 Diode degradation 9-0085
475°C 145 12 u7942 PD9625 2,3,4,7,8,9,10,{Seal Frit softened (4) 9-0098
11,13,15,16,17, ’
19
9 u7219 PL9909 2,3,4,5,79,12, |Post and chip to 9-0089
1 17,18 header bond separation .
4 u7938 PDY9624 4,9,18,20 Seal Frit softened (A) 9-0088
9 u7032 PLY9913 1,3,8,9,14,15, [Post and chip to 9-0089
16,19,20 header bond separation
13 u7332 PL9945 2,4,5,6,8,9,10 |Seal Frit softened (A) 9-0090
11,12,13,14,19,
20
5 u7330 PL9932 4,5,7,19,20 Post Bond separation 9-0087




Table 4.1 - CATASTROPHIC FAILURES, ELECTRICAL TEST (Cont'd)
STRESS TEST TOTAL NO. NO. SERTAL
TEST CONDITIONSI{TESTED FAILED TYPE NUMBER FAILURE MODE FAR NO.
Operating 200 mW 160 0
Life at 300 mW 160 0
125°C 400 mW 160 0
24 hrs/step 500 mW 160 6 u7374 PL9962f 22,27,28,29 Excessive Dissipation 9-0079
31,36 not device failures
600 mW 154 0
700 mW 154 5 u7942 PD9H25f 24,37 Shorted Junctions 9-0095
23,31 Excessive dissipation
not device failures (B)
36 Mechanical damage
not a device failure
800 mW 139 0
900 mW 139 2 u/7942 PDY9625] 28,39 Open Metalization 9-0062
1 u/7332 FL9945 33 Electromigration of 9-00699
metalization
1000 mW 136 9 u7332 PL994S] 24,26,27,28,| Electromigration of 9-0100
32,36,37,38 metalization
40
4 u7330 PL9932] 21,22 Excessive dissipation 3-0086
not a device failure
29,39 Electromigration of
metalization
1 u7942 PD9625 32 Electromigration of 9-0091
metalization
Reverse Bias 75°C 160 0
at max.rated 100°cC 160 0
voltage 125°C 160 0
200 hrs/step 150°cC 160 0
Constant 20KG 120 0
Accelera~. 40KG 120 0
tion 60KG 120 o]
YI Plane 80KG 120 0
100KG 120 0
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Table 4.1 - CATASTROPHIC FAILURES, ELECTRICAL TEST (Cont'd)
STRESS Test Con-jNo. NO. SERIAL

TEST ditions Tested FAILED TYPE NO. FAILURE MODE FAR NO.
Pneupactor 20KG 120 0
Shock 40KG 120 0

YI Plane 60KG 120 1 u7032 PL9913 82 Fixture Problem: Flexture 9-0039

of TO-5 package resulting
} in damage to chip (C)
80KG 119 5 u7032 PL9913 76,78,79 9-0039
80,83
6 u7220 P19910 76,77,79, Fixture Problem (C) 9-0039
84,87,88

4 w7219 PL9909 76,85,87,89|Fixture Problem (C) 9-0070

1 u7942 PD9625 87 Package damage 9-0093

100KG 40 (D) 1 u7220 PL9910 78 Fixture Problem (C) 9-0082

1 u7374 PL9962 85 Package damage 9-0093

3 u7332 PL9945 78,84,88 Package damage 9-0093

1 w7330 PL9932 83 Package damage 9-0093
Thermal Shock 20 ~ 96 0
Cumulative 40 ~ 96 0
Cycles 60 96 0
-65°C 5 min. 80 ~ 96 0
transfer 100 ~ 96 0
3 sec. 120 96 0
+200°C 5 min. | 140 ~ 96 0
160 ~ 96 0
200 ~ 96 0

(A) Rehardening of sealing frit caused post bond separations.
(B) Current "runaway" during setup
(C) Failure Mode - Pneupactor Shock:

Package damage - fixture design inadequate for high
number of blows and consecutive testing at high "G"
levels. Not a device failure.

(D) Testing on TO-5 and Cerdip Packaged devices was terminated at the 80 KG level due to

missile breakage.

Some of these devices had been subjected to

the 80 KG level before missile breakage occurred.
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TABLE 4 .2 - THERMAL SHOCK (a) - LEAK TEST FAILURES {(b)
Leak No. of Number of Completed Thermal Shock Cycles
IYPE Test Devices 200 40~ 60~ 80~ 100~ 1200 140~ 1600 180~ 200n
CERPAC
PL9932 | He 12 0 0 0 0 0 0 0 0 0 0
Freon 0 0 0 0 0 0 0 0 0 0
PL9945 | He 12 Q 0 0 0 0] 0 0 0 0 0
Freon 0 0 0 o] 0 1 0 0 0 0
PL9962 | He 12 0 0 0 0 0 0 0 0 0 0
Freon 0 0 0 0 0 o] ¢ 0 0 2
TO-5
PL9909 | He 12 0 0 0 6 12 12 12 12 0 6
Freon 0 0 0 0 0 0 0 0 0 0
P1L9910 | He 12 0 €] 4 10 11 7 9 4 4 4
Freon 0 0 0 0 0 0 0 0 0 0
PL9913 | He 12 0 0 5 5 1 5 7 11 3 4
Freon 0 0 0 0 0 5 0 2 4 1
CERDIP
PD9624 | He 12 6 4 2 8 10 7 6 3 0 10
Freon 0 0 0 0 0 0 0 0 6] ¢
PD9625 | He 12 9 8 5 12 12 12 12 12 0 2
Freon 0 0 0 0 0 0 0 0 0 1
(a) Cumulative cycles, =-65°C 5 min., 25°C 3 sec., +200°C 5 min.
(b) Helium Fine: All devices indicated as 'failed'had measured leak

Fluorocarbon Gross:

rate >1 %2 x 10-8 ATM cm3/sec except PD9625's
leak rate >1-% 3.6 x 10-8 ATM cm3/sec.

These are probably due to entrapment of Helium by
occluded silicon o0il used for cycling.

One or more bubbles fails device. A subsequent penetrant

dye check showed that none of these devices were actual
gross leakers into the inner cavity.
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Table 4.3 - LEAD FATIGUE - FAILURES, MECHANICAL OR LEAK TEST {(c)
No. of |Total No.| Cumulative number leads failed No. of Cumulative no. of devices (e¢)
TYPE Devices|of Leads at or before cycle no. Devices | Failing Leak Test at Cycle No.
5c 100 15~ 20~ 40~ 600 (b) 54 10 154 20~ 40~ 60+ (b)

CERPAC

PL9932 3 42 Q0 25 30(a) - - - 3 [ 0 0 - - -

PLII4LS 3 42 0 23 36 - - - 3 0 [ 0 - - -

PL9962 3 42 0 23 30(a) - - - 3 0 0 0 - - -
TO-5

PL9909 3 24 0 0 2 5 21 24 3 0 3 3 1 2 3

PL9910 3 24 0 0 1 2 16 24 3 0 3 3 2 3 3

PL9913 3 24 0 4 0 0 6 24 3 0 2 3 3 0 3
CERDIP 9n 18~ 27v (b)) 9 18v 270 (b)

PDY9624 3 42 Q 0 42 3 2 0 3

PD9625 3 42 0 0 42 3 0 0 2

(a)
(b)
(c)

All leads off except corner leads

Number of arcs shown, or to destruction

One cycle (v) or arc consists of a 90° bend and return.

Fluorocarbon and helium fine leak tests - Devices indicated as "failed" had measured
leak rates between 1 and 2 x 10~8 ATM cm3/sec. except #103, PL9910 read 4.4, 32,
18 and 24 ATM cm3/sec. at the 10th, 20th, 40th and 60th cycle respectively and

it also failed freon bubble at the 60th cycle.

A subsequent penetrant dye check showed

that none of these devices were actual leakers into the inner cavity.
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Table 4.5 -

SUMMARY OF CATASTROPHIC (C) AND DEGRADATION (D) FAILURES
STEP STRESS, 125°C OPERATING LIFE - 24 Hours per Step

Dissipation, mW 200 300 400 500 600 700 800 900 1000 TOTAL (a)
Initial [Type v
Type No. Failure
DTL CERPAC
PL9932 20 C 0 0 0 0 0 0 0 0 2 2
D 0 0 0 0 0 0 0 0 0 0
B* 0 0 0 0 0 0 0 0 2 2
PL9945 20 o 0 0 0 0 0 0 0 1 9 10
D 0 0 0 0 0 0 0 0 0 0
PL9962 20 C .0 0 0 0 0 0 0 0 0 0
D 0 0 0 3 3 3 3 4 7 7
B#* 0 0 0 6 0 0 0 0 0 6
aW RTL TO-5
PL9909 20 c 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0
PL9910 20 . C 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0
PL9913 20 c 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0
121 CERDIP
PD9624 20 C 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 6 10 11 11
PD9625 20 c 0 0 0 0 0 2 0 2 1 5.
D 0 0 0 0 0 0 0 0 4 4
B* 0 0 0 0 0 3 0 0 0 3

(a) Total devices out of test limits at test conclusion.

*

B Burnout during setup.

(Includes one mechanical damage)
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* No catastrophic Failures

(a) Total

devices out of test limits at test conclusion

Table 4.7 - SUMMARY OF DEGRADATION FAILURES *
1. Thermal Shock and 2. Reverse Bias Tests
1. Thermal Shock: -65°C 5 Min., +25°C 3 sec., +200°C 5 min. per cycle
No. Thermal Cycles 20 40 60 80 100 120 140 160 180 200 Total (a
TYPE No. of
Devices
CERPAC
L3932 12 0 0 0 0 0 0 0 0 0 0 0
PL99 45 12 0 1 0 0 0 0 0 0] 0 0 0
PL9962 12 0 0 0 0 0 0 0 0 0 0 0
TO-5
PL9909 12 0 0 0 0 0 0 0 o] 0 0 0
PL9910 12 0 0 0 0 0 0 0 0 0 0 0
PL9913 12 0 0 0 0 0 0 0 0 0 0 0
CERDIP
PDY9624 12 0 0 0 1 1 1 1 1 1 1 1
PD9625 12 0] 0 0 0 0 0 0 0 0 0 0
2. Reversé Bias at maximum rated voltage - 200 hours per step
Temperature °C: 75 100 125 150 Total(,]
Type No. of
Devices
CERPAC
PL9932 10 0 0 0 0 0
PL9945 10 0 0 0 0 0
PL9902 10 ¢] 0 0 3 3
TO-5
PL9909 10 0 0 0 0 0
PL9910 10 0 0 0 Q 4}
PL9913 10 0 0 0 0 0
CERPAC
PD9624 10 0 0 0 0 0
PD9625 10 0 0 0 0 0




I %

Table 4.8

- SUMMARY OF CATASTROPHIC FAILURE MODES

. D 1 E PACKAGE HANDLING DAMAGE
Device
Type Initial No.|Oxide Open Diode Shorted |Electro- |Oxidized | Au~Al| Bond Separation Seal Frit Fixture [Burn-out
Test Devices Defect | Metal | Degrad.| Junc. migration[Leads Post Post JPost & Header | Soften
STORAGE LIFE
CERPAC
PL9932 20 1 5
PL9945 20 13
PL9962 20
TO~-5
PL%909 20 9
PLY910 20 1
PL9913 20 2 3 1 10
CERDIP
PD9624 20 1 4 b
PD9625 20 1 13
OPERATION LIFE *
CERPAC
PL9932 20 2 2
PLI94S 20 10
PLY962 20 6
CERDIP
PD9624 20
PDY9625 20 2 2 1 1 2
PNEUPACTOR SHOCK
GERPAC
PL9932 15 1
PL9945 15 3
PLI962 15 1
T0-5
PL9909 15
PL9910 15 é
PL9913 15 6
CERDIP
PD9624 15
PD9625 15 1

* No TO-5 failures




SECTION V

TEST VEHICLE DESCRIPTION AND DESIGN APPRAISAL

5.1 Device Description

5.1.1 Diode Transistor Logic (DTL)

a. The PL9932 is a dual four input buffer circuit featuring
a pull=up emitter follower output that permits high capaci-
tive loading and a high current output transistor providing
high fan-out capability. The technical specifications are
given in Fig. 5.1.

b. The PL9945 is a RS/JK master-slave clocked flip-fiop. Input
data is stored when the clock is high and is transferred to
the slave when the clock goes low. An improved direct set
and clear design allows asynchronous entry irrespective of
signals applied to any other input. An output buffer pro-
vides isolation between the ‘'slave' and the output load,
improving signal line noise immunity. The technical speci-
fications are given in Fig. 5.2.

c. The PL9962 is a triple three input gate circuit. Fan-out
capability is 8 for each output. The outputs may be connected
to perform collector OR logic. The technical specifications
are given in Fig. 5.3.

5.1.2 Milliwatt RTL (mWRTL)

a. The PL9909 buffer is a low impedance driver having
higher fan-out capability than the basic RTL gate. An
internal timing resistor is available to permit capacitive
coupling for use in monostable and astable multivibrators
and in pulse differentiation. The technical specifications
are given in Fig. 5.k4.

b. The PL9910 dual gate is a dual two input NAND/NOR gate which
may be used as a set-reset flip-flop, a double inverter, or
a pair of inverters. With an expander, it can provide a
dual NAND/NOR with increased fan~in. The technical specifi~
cations are given in Fig. 5.5.

¢. The PL9913 register is a set-reset 'D'" flip-flop for use in
shift register or counter applications. When T is high,
direct set and reset inputs, § and R, control the output
state. If S & R are low, the state preset at Ao will be
stored when T goes from high to low. A change in Ao while
T is low will not affect the output. The technical speci=
fications are given in Table 5.6.




Figure 5.1 - 9932 DUAL FOUR INPUT BUFFER CIRCUIT
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Fan-in ang fan-out units are shown in parentheses,

R A SREE G = e -—
¢ TEST CONDITIONS FULL TEMP RANGE (-51} LIMITED TEMP RANGE (-59)
i CHARACTERISTIC SYMBOL | SENSE ; - UNIT
; DIODE INPUTS | £ xpanpER ouThuTs | SUPPLY g 85°C 5% s125°C oc 25°c »15°C
i SINGLE JoTHER | MPUTS E T e Taax | o wMAx | w | wax | o [max | an ] max | i | tax
louTPuT LOW VOLTAGE vou vout Vi - oL ver |? 040 040 045 vac 045 045 050
_ S— -
! Vit ton ver 131 28 25 25 28 26 25
(‘uuYPUV HiIGH VOLTAGE VOoH vour vae
! Vx 10w VL 28 28
e S0 IS ISR
NPUT REVERSE CURRENT VR GND \_1 VCH 4 2 2 5 whdc 5 5 0
‘}\ . - [ - b — e
jmpuv FOAWARD CURRENT vE VR vew |5 -160 -1 50} mAdc -140 ~140 -1
et ey i R S m —-
JouTPut CEAKAGE CURRENT bcex 1ouT § GND veex var |6 ‘l nAdc 50
S - - S —
{OUTPUT SHORT CIRCLIT CURRENT | 1sC tour | sno GND ven | 6]-16 [ mage 116 -16 -4
i .
1°0 l VPO J a0
PLOWER DAY CURRENT — veo S mAdgc
| B | o s .
. _ {
‘S\'NTCNVNA‘ TIME VN A= 5100, € = 500 pF Ed 80
PROPAGATION DELAY F— S — | b b nsec
VouT in R = 15001, C ~ 500 pF 15 40 - 15 Lm
o
. VIH | Vie wﬁ VR | VF | FD | VCEX oL toR 1ot ICE | VCL | VCH | VPD | VMAX
CIRCUIT TEST
TEMPERATURE
TEMPERATURE mAdc mAdc mAdc
RANGE Vdc | Vdc | Vde | Vde | Vde | mAdc Vdc 9932 9932 9944 mAde | Vde Vdc Vdc Vdc
-55'C 2.1 1.40 40 0 20 34 =20 36 4.5 55
Fult {(-51} 125 C 1.9 1018 |40 0 20 a5 36 -25 40 5.0 4.5 5.5 50 80
“125°C 17 |080 40 0 20 32 -40 36 46 | 55
0:C 20 120 40 045 20 36 -2.0 40 5.0 5.0
Limated {-59) +25°C 16 {11wl18 |40 (045 [ 2.0 50 36 ~-25 40 50 5.0 50 50 80
L +75°C 18 | 095 40 | 045 20 34 ~30 38 50 50
TEST NOTES SWITCHING TIME TEST CIRCUIT
1. Tests are identical for each circuit element. Pin 7 is
grounded for all tests. 4 \
2. VIH is simultaneously applied to all diode inputs of the [
circuit glement being tested.
3. ViL is sequentiatly applied to single diode inputs of the
circuit element being tested. The other diode inputs of ViN (3944 ONLT! o3
that circuit element are open.
4. VR is'sequentially applied to single diode inputs of the = Da
circuit element being tested. The other diade inouts of
that circuit element are grounded PULSE 1N
§. VF is sequentially applied to single diode inputs of t_he P W >100 nsec ur
circuit element being tested. VR is simultaneously applied M- —
1o the other diode inputs of that circuit element.
6. Ground is simultaneously applied to one diode input of T ¢z
each circuit element. T JJ_
7. Refer 1o Switching Time Test Circuit for additional infor- = = = )
mation. NOTE. When testing 9944, short diode O 1, remove diodes 02, D3 and D4
8. Ground is sequentially applied to single diode inputs of and add capacitor C2 = 20 pF as shown. "'C1"" includes probe and
the circuit element being tested. The other diode inputs k jig capacity.
of that circuit element are open. _/




Figure 5.2
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Fan-in and fan-out units are shown in parentheses.
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CIRCUIT DIAGRAM
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Pin numbers shown in parentheses, resistor values are
\_ approximate.
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ELECTRICAL CHARACTERISTICS {Note 1)

7 FORCING CONDITIONS (Nate 1) TEST LIMITS TESTLBTS -
CHARACTERISTIC SYMBOL | SENSE cp 54 Sz Co ci 01} sg <y ¢y |vee g -55°C +25°C +128°¢ unITS o°c +25%C +15°C
2 i3 4 15 &) 19 1ol Aty a 14} ‘E( MIN MAX | MIN | MAX MEN | MAX MIN| MAX { MIN | MAX | MIN M’AX
CUTPUT LOW VOLTAGE VoL vouTt CPc GND - - 1oL B N - - veu z - & - 40 - A5 Ve - 45 - AS - 50
2
OUTFUT HIGH VOLTAGE VoH vour cpa | ovin | vin | " won] - - - wie fver | 33 - |3 - 31 - vac }3t - faa ~ [31 -
IDATA INFUTSI 7 R
nur;;\.;vnilscé;\:s:(]:sc‘s von vour | cps |GmD [onD | vel [ron| - fwvis | - - dved 3]s < Jat | - da - vae fatd - Jar | - Jar ) -
INPUT REVERSE CURRENT
{DATA INPUTS) 18 1L GND VR - - - - - - veH 1) - 20 - 2c - 50 uAde - 50 - 50 - 100
INPUT REVERSE CURRENT
(SET RESET INPUTS) (L] N CPa GHO | GND vAa - - vcr - - ven 3 - 20 20 - 50 uAdc - 50 - 50 - 100
T O CURRENT | 213 16 i ve | ve fva | - -] - - -] - dven e} - Jrer| - |vor ] - |-toofmade | - | -ss[ - | ~95] - | -0
INPUT FORWARD CURRENTY
(SET RESET INPUTS) iFs HH vE - - - leno [ono fven | -] - |24 24 21 {mage | - [-2t | - {20 | - [-20
INPUT REVERSE CURRENT
(CLOCK INPUT) (Rer 13 vA |GNO |GND |aND | - | - - - - ve |- - jwo - fw - |20 wage |~ |20 - {20 -~ ja:
INPUT FORWARD CURRENT
ICLOCK INPUT} IFce icp vF - s | - - - - - qven | -} - fa2 | - |32 — {-28 {mage | - |{-28| - |28 - }|-286
QUTPUT SHORT
CIRCUIT CURRENT Isc iauy VCH - GND  |GND - | GND - - vcH - }-7 133 -0 | -133 | -825 | -1.30 | mAde -59) -14)[ -59 |} -y.4%| 55 |-1.38
POWER DAAIN CURRENT 10 we VeD - - - - - - - - VD - - |4i] - mAde - - - 150 - -
POWER DRAIN CURRENT iMax tve GND | GND | GND | GND - - GHD {GND [GND |VMaAX | - - - - 160 - - madc - - - 170 - -
tpa* ViIN b R=*20K C=30pf - - - % - - - - - jea - -
SWITCHING TIME 8
\_ PROPAGATION DELAY 15d- vouT 0 R - 3300; C=50pF I T - - - - . ) - -/
TEST NOTES FORCING CONDITIONS
1. Pin 7 is grounded for all tests. Ail tests except IPD and ™
IMAX are symmetrical with respect to Q and Q: That is, CIRCUIT TEST | vin [ viv |vies [ ve | vRivertn] ton | 1om | ver | veu| vep | vmax
all tests are illustrated on one side of the flip flop only. TE”‘:i:gLU“E 7%’&"“ -
Corresponding tests are made by interchanging Sy, €2, CD, Vde | Vdc | vde | vde [vde ! vde mAade | pAde | Vde | vde | Vde vde
and Q with Cy, C2, SD and Q respectively.
2. The * means momentary ground prior to clock pulse. -5§ 20 jt4 |14 |o 48 | 110 146 §-120 | 45 | BS | — -
3. CPa goes from VOH to VF,
4. CPc goes from VOH to VCPTH. Fult (~51} +25 190t |1y o 4.0 95 162 | -120 | 48 | 56 | 50 80
5. VA is spplied individuaily to one input each test. Other
inputs are open. +125° § 17 |oa (08 o a0 | . 18 138 | -120 | 48 | 55 | - -
6. VF is applied individually to one input each test. Other in- .
puts are open, ’ 0 f20|12 12 | 45 |40 | 10 168 | -120 | 50 | 50 | - -
7. VIL is applied individually to one input each test, Other
inputs are open. Limited (-59) +26 | 19 | v 45 |40 | 98 168 | -120 | 50 | 50 | 5.0 8.0
8. Refer to Switching Time Test Circuit for additional infor-
mation. For design purposes a minimum propagation delay +75 18| 95 95 50 |40 85 160 | -120 | 50 | 50 - -
of 20 nsec may be assured. \- /
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FORCING CONDITIONS N FULL TEMP RANGE (51} LIMITED TEMP. RANGE (581 )
~ TEST " T o e S B -
CHARACTERISTIC Symapoy | SENSE | DIOOE EXPANDER| GATE | suppLy ? -55°C +25°C v125°¢ N o't +25°C I8¢

SINGLE OTHER] 1NPUTS JOUTPUTSLIPIN L [g Famn | maX | AN | MAX | MIN [MAX MIN MAX | MIN | MAX | [ max
OUTPUT LOW VOLTAGE . Voi vouTt Vin ou Vet 2 040 040 0a5f vac 045 045 050
e - 4t RS S S—_— |
QUTPLIT HIGH VOLTAGE vor ] veur }ovn on | ver [3}230 260 250¢ - | vac |2s0 260 250
1%fFUY REVERSE CURRENT (L3 it VR GRD VCH 4 2 2 5 LU 5 - 5 10
ANPUT FORWARD CURRENT iF nn v VA VCH 5 -1 80 -1 60 - -1 50 | mAdc -1 40 - -1 40 -133
QUTPUT LEAKAGE CURRENT 1CEX our GNO VCEX veL L3 50 - WAde - 50
QUTPUT SHOHT CIRCUIT CUARENT e foutT  GHD GND ven |6 -134] 061]-134 130 | made 130|061 ] -130 —128
1)
POWER DRAIN CUARENT *{ oo - L vre il mAde 2 i
waax | Gno I veax |6 | 825 B 2
SWITCHING TIME i vinin R-39%. C-30pF . % ju0 25 80
N : nsec
PROPAGATION DELAY I A R~ 40051 C - 509 FRE] 0 30
SWITCHING TIME Tpa* Vit A-3gk. C:30pF R 15 (50 15 55
B E nsec e
FROPAGATION DELAY [y VOLTIH R <4005, C - 50pF 0 £ sec T ) )
FORCING CONDITIONS
CiRCUIT Vit ViL VX VR VF VCEX toLIex) toL12K) 1OR veo ver VPO VMAX \
TEST
TEMPERATURE | 1epMpERATURE
AANGE Vde vde Ve vde vdc Vde mAdc mAde uAde vdc Vde Vdc vdc
-55°C 21 1.40 40 ° 1.4 100 -120 45 55 - -
Full (-5 H +25°C 19 1.10 18 40 0 45 120 106 -120 45 8.5 5.0 8.0
1125°C 1.7 08 - 40 0 - 108 a5 -120 45 55 -
o°c 20 1.20 40 0.45 12.0 105 ~120 50 5.0 -
Limited {-59) +25°C 19 110 18 a0 048 50 120 1085 -120 50 5.0 50 80
L +78°¢ 18 095 a0 050 a4 02 -120 50 5.0 -
TEST NOTES SWITCHING TIME TEST CIRCUIT
1. Tests and test conditions are identical for each gate ele- A
ment. Pin 7 is grounded for ali tests. e
2. ViH is simultaneously applied to all diode inputs of the R
gate element being tested.
3. VIL is sequentially applied to single diode inputs of the
gate element being tested. The other diode inputs of that X TEST WAVEFORMS
gate element are open. PuLSE 1N L
4. VR is sequentially applied to single diode inputs of the P W 2100 uSEC ] Vin v L 3v
gate element being tested. The other diode inputs of that n 2 SVD_.« { YouT
gate element are grounded. MiN Vour Tpa ¥ Tra-
6. VF is sequentially applied to single diode inputs of the ¢ L5V
gate efement being tested. VR is slmu!tanepusfy applied GND
1o the other diode inputs of that gate element. Vi (,v?
6. Ground is simultaneously applied to one diode input of b
each gate element.
7. Refer to the Switching Time Test Circuit for additional

information. .




Figure 5.4

PL9909 BUFFER

LOGIC DIAGRAM SCHEMATIC
- N ~ —
Ry 3
2 O—4
Positive Logic: C=A + B RS
13
A C Negotive Logic: C=A - 8 3 O~
Typical Resister Values
Ry =1.51Q
Ry= 3.6 kQ
R = 1000
. J. \. J
SWITCHING TIME TEST CIRCUIT
Vee )
2200 FIR A
Vsat ¥
GROUND
UNUSED
= = — INPUT PIN
L y
ELECTRICAL CHARACTERISTICS
( TEST CONDITIONS TEST LIMITS
TEST
UNITS
TITLE Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Min Max
P Vim  Veor GNP Vee | ¥4 2hN
I3 Veor Vv CND Vee | #A 2l
' Vorr  Vopr GNP ViN Vee | ™ 'as
V6 VON GND GND VRH VCC mV VOUT
V6 GND VON GND VRH VCC mV VOUT
V6 VIN GND GND VRH VCC mV VCE
V6 GND VIN GND VRH VCC my VCE
18 GND GND GND VCC pA ’L
346 - GND Pulse in  GND Pulse out VCC ns 90
Yo GND Pulse in  GND Pulse out VCC ns 70




Figure 5.5

PL9910 DUAL GATE

LOGIC DIAGRAM SCHEMATIC
- ( 8
Q
"2 Rz
70O . " 0 6
Positive Logic: C - A +B ' A C:‘W r(:g %, o5
E=D+E 2 O 03
Negative Logic: C=A + B 1
F-D-E +
Typical Resistor Values
Ri=1.5K
R,= 3.6 K
. S
SWITCHING TIME TEST CIRCUIT
TP
174
7500
5V tiez SV
F0600 Vsar Y
GROUND
= UNUSED
IRPUT PINS
\ J
ELECTRICAL CHARACTERISTICS *
TEST TEST CONDITIONS TEST LIMITS
UNITS
TITLE | pin) Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8 Min Max
I] V“\j VBOT GND GND GND VCC pA 'IN
I2 VBOT V”\j GND GND GND VCC pA IIN
!3 GND GND VIN GND VBOT VCC KA IIN
15 GND GND VBOT GND VIN VCC pA IIN
7 | Yorr  VYorr  Veor OND GND Vi Yoo | #A T 'am
e | NP Veor  Vorr  OND O Vo Vin Vee | ¥4 'a4 'am
V7 VON GND GND GND GND VCC mV VOUT
V7 GND VON GND GND GND \/CC mV VOUT
V6 GND GND VON GND GND VCC mV VOUT
Vé GND GND GND GND VON VCC mv VOUT
\
V6 GND GND VIN GND GND VCC mV VCE
Vb GND GND GND GND VIN VCC mV VCE
V7 VIN GND GND GND GND VCC mV VCE
V7 GND VIN GND GND GND VCC mV VCE
'8 GND GND GND GND GND VCC A IL
t Pulse in  GND GND GND GND Pulse out V ns 40
1-7+ cc
t Pulse in  GND GND GND GND Pulse out V ns 50
1+7- CcC




Figure 5.6

PL9913 REGISTER :

Ry Ry

J R | 04
Rz n Rz Rz R2
Ry Ry Ry Ry Ry R R
10 T r-w\'{ A tor
[
T
TRUTR TANLE
AT LOGIC DIAGRAM ) )
| R S . Typical Resistor Values
R IR = 1540
REITRE R - Re= 48040
:(1 ; ; ; ;) ¢ - ’;?’ :iuoimtdie‘lalv sftec R; = 3.6 kQ
! ? z‘a g g é :D: :e::::,:::::::.,:nr:; Rs= 180Q2
Lﬂ_- ) c 0 Q T h
T . J
ELECTRICAL CHARACTERISTICS
{ et TEST CONDITIONS TESTLIMITS |
N
TITLE Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 ping | NS Min Max
Vs | Veor GNP Vg OND Vior  Vec | ™V Vour
Vé VBOT GND VBOT GND VON VCC mV VOUT
V5 VBOT GND GND GND D VON GND VCC mV vVOUT
V6 VBOT GND GND GND VON D GND VCC mV VOUT
V5 VBOT GND le GND VBOT VCC mV VCE
V6 VBOT GND VBOT GND VIN VCC mV VCE
V5 VBOT GND GND GND D le GND VCC mV \/CE
Vé VBOT GND GND GND VIN ‘D GND VCC mV CE
l1 VIN GND GND GND GND VCC pA 1.8 IlN
|‘ VIN VBOT GND GND GND VCC pA 1.8 IIN
s | Yon  Veor Vorr CNP Vi Vior  Yec | a3
e | YVon  GND Vgor GND Vin Vorr Vee | M | a3
*
s | Vo™ GNP Vogg  OND Vg Veor  Vec | M '3
%
s | Vorrm VYon  Veor GNP Yim  Vore  VYeo | WA ‘a3 :
*
32 VOFF VIN GND GND GND VCC pA !iN
* .
|3 VOFF VBOT VIN GND GND VCC HA IIN
*
I7 VOFF GND GND GND VIN VCC HA llN
*
V5 VOFF VON GND GND VBOT VCC mV VCE
*
V6 VoFF VOFF VBOT GND GND VCC mV VCE
'8 GND GND GND GND GND VLL pA lL
t] 6 Pulse in "I;:: go“-rAGND GND Pulse out GND VCC ns 80
b6+ Pulse in ;;: tso GND GND Pulse out GND VCC ns 120
Y5 Pulse in ’l;;:re‘ go GND GND Pulse out GND VCC ns 80
o5+ Pulse in 'T):: ;o GND GND Pulse out GND VCC ns : 120
t2+ i- :’:lse 1 :’:lse 2 GND GND Pulse out GND VCC ns 40
t Pulse 1 Pulse 2 GND GND Pulse ot GND \ ns 30
1-2- in in cc
ty - Pulse 1 Pulse 2 GND GND Pulse out GND VCC ns 60
in in .
o2+ :’:Ise i :’:fse 2 GND GND Pulse out GND VCC ns 30




Figure 5.7

g624 J-K Flip Flop
g o . .
OEX . TRUTH TABLES
/S J K On. |l Qn+1
) |1 1 (! [1] 0 0 0
0 0 1 1
0 1 0 0
wy |z 13{wioe reseT) 0 1 1 0
1 0 0 -1
CLD(IE Z] a } ? ‘1) {
1 1 1 0
w4] ;' fa)
LOGIC EQUATIONS
4 E ae«o - On+1=30n+KQn
Gn+1=10n+KQn
(I $ HOCPRESET)
, b=diedee s
i 1 -
b B(nc st K = Kyo Ko Ke
FORCING CONDITIONS
TEMPERA- TESY VimniVimax [Viore [ Viow | Voo | Vou [ Vousx [Vomin | Vee § hiami ] e lo 1ou{P) | loL(S) {lon(P) § 1
( TURE TEMPERA- e i [ 10u(P) [101(S) J1on(P) | tom(s) [ 11 mna]vo waxt )
RANGE TURE Vde § Vdc | Vde { Vdc | vde | Vdc | Vde | Vde | vdc | mA mA mA mA mA mA mA mA | vdc
—~55°C o 45 0.45 28 0.45 25 55 ] 50 1.0 20 0 22 12 1.5 0.7 4.0 4.5
Full +25°C ] 4.5 0.45 2.8 0.45 24 55 0 5.0 1.0 20 0 22 12 1.5 07 4.0 4.5
+128°C [ 4.5 0.45 28 0.45 2.7 55 1] 5.0 1.0 2.0 0 22 12 1.5 07 4.0 45
o°C o 4.5 D.45 3.0 0.45 2.5 55 [} 5.0 1.0 2.0 0 225 1258 12 086 40 4.5
Limited +25°C [ 45 0.45 3.0 0.45 2.4 55 0 5.0 1.0 2.0 0 225 125 1.2 0.6 4.0 4.5
+75°C 0 45 0.45 3.0 0.45 2.5 55 0 5.0 1.0 20 0 225 | 125 1.2 0.6 4.0 45
(P) == Prime Fan Ou! (8} = Standard Fan Out
ELECTRICAL CHARACTERISTICS 9624
r FORGING COMDITIONS N FULL TEWP RANGE LIMITED TEMP RANGE N\
IRPUTS o ~s3°C 25°C $125°C 0°¢c 425°C 175G
68T T uniT
CHARACTERISTIC svuBoL | amoLe owen |OUTPUTS [BUPRLY | o TGN waK | MIN | WAx | min | MAX MIN | MAX | MIN | MAX | WIN | MAX
LA e R i Viuw  Viwx | towm | ovec 1~ zas] — | eas| o2z maf — | 28 | | 28 | ~ | 20
ANPUT LOAD CURRENT {4 & K INPUTS) bin Viww »VI Hax 10 uin Ve 2 _— 133 — 133 — 1331 mA —_ 1.88 — 168 — 168
|NPUT LOAD CURRENT (CLOCK) i Vic Viux | foum ] Vo = m| - | s = | e = [ ww] = [ e ~ [ tes
N e AGE GURRENT M Voux Vo | touw | vee s | — oor| — 1 oor] — | oorfma} | 0orf —~ | oor} — | oor
INPUT LEAKAGE CURRENT (CLOCK! (Y Visax Viwin toaan Vee 4 - 014 - 0.14 — 0.14| mA —_ 0.14 —_— 0.14 — 0914
N P bga nenT o Viwe  OPEN | toww | Veo s 1 — oor] — | oor| — | eor] ma] 1 0or| — | eor} — | oor
INVERSE BETA CURRENT (CLOCK) I Viaax CPEN fowm Veo 1] _ 0.14 — 0.14 — 0.14| mA - 0.5¢ -— 0.4 -—_ 0.14
R OffLEysD BroN. vTa. BYm T | fiwmn Vi | fosw vee —~Jss — )ss| — |55 ] — fvec)sst — ss | o~ | ss| —
'Nfs‘g._‘%;';slg{sgsgég"‘- via. BVa 1| hum View | toww Vee 3188 — |es| — jss| — |vaefss| — | ss| — | ss5] —
’“(’L‘ﬂ,é?‘f LEVEL) BXON. VTG BVt | twma Vi | dosn vee 4 les o~ fssl— | ss ) — jveelssi — |ss) — 85| —
'N("Elﬁ:ég’,‘ LEYEL) BKON. vIG. BV 0"} buna  OPEN | lowum vee s |8 — | es] — Jss ] - lvae]sa| —~ [ ss] — | ss|
IRPUT (ON LEVEL) BKDN, VTG. (CLOCK) jBVi “O" bt OPEN 1o win Vee 1) 55 -_— 55 —_ 55 — vde 55 — 55 —_ 55 —_
oo hemiRESHLD vIa. Yamn MY - lo, Vou | Vee — | = 20| — ] 3| — | va]vee|— w | - [ I I 4
LOGIC "0 THRERHORD VIO Viax 10 - low, Vo | veo —Je — |2}l — Jos |~ fvac)so]| — | ] — | re]| —
GUTPUT LEAKAGE CURRENT Vium Vows | Voo = s | = | 2as | — | 2| mA | — | 25| — | 22| — | ess
OUTPUT SKOAT CIACUIT CURRENT Vo aan VO MiN Veo -— 30 0 30 0 30 “« mA 34 & 30 0 k] €0
LOGIC 0" LEVEL Vo ™ Voo T = o4 | = [ 0a | — [oasfvac] —~ ] o4 | — ] 04 | ~ [ oas
L0GIC “F" LEVEL Vi Toxt Voo " {28 — a0 | — Jso | — Jvae]so] — T ao] — [s0] —
O STATE CURRENT DRAIN OPEN — Veo 7 [~ — i T Jen | — |7 T {5
" STATE CURRENT DRAIN GPEN — Ve e | — =K Y S K 1w ~ v )

NOTES:

Ground set when checking reset and ground reset when checking set, preset.
Reset low when checking Ji, J;, Js and set low when checking Ki, K, Ki
. Ground Q and leave reset open to check set and preset and ground Q and leave preset open to check reset.
. Set, reset and present open.
Reset low when checking set, preset, J., J;, J: and set low when checking reset, K, K, K.

. Reset low when checking clock input at J side and set low when checking clock input at K side.
Reset and clock grounded.
. Set and clock grounded.
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Figure' 5.8 ~

9625 Single Eight Input Gate

4 Vee '
o 5
23751 g0 ol
o S 000 il o)
1 12=1"2"35.6.7-9-13 o
2 - 3.5K 12 [} [ese
3 e
;‘ O 0
7 €200
10 Gnd [ [
ELECTRICAL CHARACTERISTICS o oman pER GATE
4 FORCING CONDITIONS N FULL_TEMP HANGE LIMITED TEMP RANQGE N
TEST INPUTS O —ssec +25°C Er LT g°c +28°C +15°C
CHARACTERISTIC SYMBOL | SINGLE  OTHER | OUTPUTS [ SUPPLY |E | MIN | MAX | MIN | MAX ] siN | mAX MIN | MAX | MIN | MAX ] MIN | MAX
INPUT LOAD CURRENT i~ Vism  Visax 1o vee Jt] —] 20] — [20f —Ff 20| maj — | 2asf —] 25| —~] 25
INPUT LEAKAGE GURRENT T Vewax Vi 1o win vee 1] —j o1} ~Jor | ~F ot |m|—tor|[—]o1|—1]o
INVERSE BETA CURRENT [ Vi ax Open 10 bein Vee [td —F ov ]~ Jov ] — ov|ma}—Fos]~]ot]| —1}| o1
INPUT (OFF LEVEL) BREAKDOWN VOLTAGE [ 8vie 1" | tium Vi o uw Veo (1] 58] ~ 65| — J8s8| — Jvacjss| —~ |[s85] — | s8] —
INPUT (ON LEVEL) BREAKDOWN VOLTAGE [8vin 0" | Joum Open 10 win vee [t} s8] — | s8] — [s5] — Jvac]ss| — | ssf — | s8] —
LOGIC " THRESHOLD VOLTAGE Vi " — Vou, lo vee [t} —1 20 — | 7] —] 14jvdc]— | 10| —1f 18] —1]17
LOGIC 0" THRESHOLD VOLYAGE Vaeax 0" — Vo dow | vec {tf 08f — {19l — Jos [ — Fwvaeejvo] — [ 10] — |10} —
OUTPUT LEAKAGE CURRENT tost Vi Vo uax vee |t] —§ 028 — [o2s] — 1 028f ma | — | o2] — | o25f — | o2
OUTPUT SHORY CIRGUIT CURRENY tour Vi Vo uin vec 225 [0 125 foo ja5 {100 ma |25 o0 jes |10 [25 [100
LOGIC “O" LEVEL Vour 0" Vi on tou vee |11 — | odof — [ o040} — | o4s| vac | — | o040} — | o04of — | o4s
LOGIC “I'* LEVEL Vour 4" Vi st [ vee |t} 27 — [ar | — Tas] — |vae|[20f — Ja0] — | a0} —
BREAKDOWN CURRENT (PER GATE) tec wax Vi town | Vecwuax 1} ~ | — | — [ 081 —§ — T ma| =] — 1 —] 876} —] —
“ON" STATE CURRENT DRAIN tec 0™ Open 10 min Vee j1] — {78 — 78] =] 7258 ma]~1T11 — | 10 — |10
“OFF" STAYE CURRENT DRAIN tee 1 Vi van 1o Vee ft)] — | 378 - |a78) — @ arns|ma | — | 50| —] so| —] s0
9620, 21 & 22 — 4 — | — |+ — i — —~ [ —1-=11 — ] -
TURN ON DELAY 5625 1on — - vee |3{T=1 = [ =1% — = mee] — | — [ — — =
9634 — 1 — [ = 1% P — T == e
| 9620, 21 8 22 ) =l =1 =1t Sl S = =1l — | —
TURN OFF DELAY | 8625 tore - - vee {3 = | — T — T4 — I = Ime = == — 1 =
9634 = | — {1 1= P T 1=
| 9620. 21 & 22 | =2 = : -] = =] =] = =] —
RISE TIME . 9625 t — -_ vee |3 =1 =1 — T = e = == — 1=
9834 -1 =1 = el — | =1 = — 1=
| 962021 8 22 | = = - Rl O = =1 =
FALL TIME 9625 t - - vee |8 | = = | — — = Jmel — | — T = — 1=
9634 =T =1 = == === 1=
FORCING CONDITIONS
(TEMPEHA- TEST Vi | Visax | Viors | Vion | Voo Vor | Vouax § Vo | Vee {Vee saxflivan | lomn Lot (P] 1 E 1)
TURE TEMPERA- (P) oL(S) | ton(P) | lon(S)
RANGE TURE vde vde vde | vde Vde | vdc | Vde | vde vdc} vdc | mA mA mA mA mA mA
—55°C 0 4.5 0.45 27 0.45 25 55 ] 5.0 - 1.0 ] 22 12 22 1.2
Full +25°C 0 45 {o4s | 27 fo4s [ 24 ] 55 | o 50| 80 |10 [ 22 12 22 | 12
+125°C ] 4.5 0.45 27 0.45 25 55 0 5.0 — 1.0 0 22 12 22 1.2
0°C [} 45 |o45 | 20 |o4s [ 25| 55 | o 50| — 110 0 225 | 125 | 18 | 10
Limited +25°C ] 4.5 0.45 2.9 0.45 24 | 55 0 5.0 7.0 1.0 0 225 12,5 1.8 1.0
k +75°C o 4.5 0.45 29 0.45 25 58 0 5.0 — 1.0 0 225 125 18 1.0
{P) = Prime Fan Qut (8) = Standerd Fan Out
NOTES:

1. Input conditions are for one gate only. 2, Only one output at a time

All other inputs are 1o be grounded. grounded.
SWITCHING TIME TEST CIRCUIT
&V sv

ALL N~

USED iKPUTS
AE VEDTO 30V
SUPPLY

PULSE
GERERATOR

* 15 pF capacitance includes stray wiring,
probes and load,

t- =t = 5.0 nsec max

P F20¢ t = 2.5 nsec max
' oy t: = 4.0 nsec max
4 tore I- Ll“j
20v 200}
¢ 1.5, 313

Is 1o be 3 See switching time test circuit,
+
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5.1.3 Transistor Transistor Logic (TTL)

5.2 Design

Q.

The PD962L is a J-K flip-flop which operates up to a guaran-
teed toggling rate of 30MHz/50MHz over the full military
temperature range. Information is fed into the J and/or K
inputs while the clock is low. This information is ANDed
with the present state of the flip flop and stored when the
clock goes high. When the clock again goes low the stored
information is ANDed with the inverted clock causing the
cross coupied NAND gates to be set accordingly. The 9624
has three J and three K data inputs which can be utilized to
provide the AND function right in the flip flop, thus reducing
the number of external NAND gates required for system opera-
tion. High toggling rates are achieved through the use of
charge control devices coupled with discharge networks which
allow removal of any excess stored charge at high frequency.
The technical specification is given in Fig. 5.7.

The PD9625 is a single eight input NAND/NOR gate consisting of
an eight emitter input AND gate followed by an inverting
amplifier and a push-pull output stage. This gate performs

a positive NAND function or negative NOR function. The push-
pull output increases noise immunity and permits driving of
high capacity loads with a minimum of loss in speed. The
technical specification is given in Fig. 5.8.

Appraisals

5.2.

]

The following design appraisals describe the construction

of the particular family of devices from the final die
passivation or oxidation growth through final sealing. Also
included are materials used for package construction and
final assembly.

DTL - CERPAC

5.2.1.1 Final Assembly - Components

The following are the materials required for final assembly

of the DTL-CERPAC as shown in figure 5.9. The component
numbers serve as the legend for this figure which also includes
an outline drawing of the finished device.

1. Package 1id - Alumina press formed in die and
fired in furnace. Glazed and
fired.

2. Lead wire - .001'" Dia. Aluminum with 1%

Silicon in continuous length -
cut at assembly.




3. Final Wafer and
Die Processing - OUTLINE (Post Metalization)

These Wafers are passivated following the metallization
procedure.

(a) Glass deposition 10,000 2

(b) Apply resist and bake

(c) Etch contact lands for bonding
(d) Remove resist

(e) Wafer mapping and cleaning

(f) Electrical die sort

(g) Wafer scribing

(h) Visual die sort

L. Lead frame - Partially aluminized Kovar
sheet stock stamped into lead
frames in a continuous pattern.

5. Package Base -~ Alumina press formed in die and
fired in furnace. Glazed and
fired.

5.2.1.2 Final Assembly - Device

The following is the procedure for final assembly of the
DTL-CERPAC as shown in Fig. 5.9. Components are numerically
identified to correspond to the legend on the figure.

1. Package - die assembly -  Kovar lead Framel+ pre-heated
in air to oxidize. Glazed
ceramic base? heated in fixture
in air to soften glass. Pre~
heated lead frame™ placed over
base and embedded in softened
glass. Back of completed die3
placed into softened glass in
"well'' in baseb- Completed die-
package assembly removed to cool.

2. Ultrasonic bonding of - Al-Si2 wires are ultrasonically
lead wires from die "'wedge'' bonded to complete path
to leads between the package leads and the

die lands. This method involves
the application of ultrasonic
energy and pressure to the lead

wires and die and lead wires and
lands.




Figure 5.9

- DTL CERPAC FINAL ASSEMBLY

e (1) GLAZED CERAMIC LID FURNACE
: - __SEALED TO BASE ASSEMBLY

(2) 14 A1-S1 WIRES ULTRASONICALLY SONDED

/I‘J BONDED DIE AND LEAD FRAME
L —

e (3) COMPLETED AND TESTED DIE
‘ﬁr‘a_xjﬁﬁfa A GLASS BONLED TO BASE

240
| 265
C

) STAPED AL

SED LEAD Frerib
GLASS SEALED TG BASH.

) GLAZLD CERAMIC BASE

950 NOM ———————-

C —H T
Ot5¢ —HJ
019°
TYP
ORIENTATION
DOoT
0035
0055
019 MIN
—

B




5.2.2

5.2.2.1

B.

3. Device sealing

L. Lead finishing

5. Lead trim

mW RTL -~ TO-5

Package is hermetically sealed after
internal visual inspection to
provide protection to the die

and lead wires. The method

invoives the fixturing of the
die-package assembly and the 1id!
and furnace sealing in a controlled
atmosphere.

Sealed device is cleaned and
leads are plated with gold.

The sealed and finished device
leads are trimmed to size in a
shearing fixture which also

removes the frame end on the leads.

Final Assembly - Components

The following are the materials required for the final assembly
of the mW RTL TO-5. The component numbers serve as the legend
for Figure 5.10 which shows the assembly components.

Header Processing

1. Package eyelet

2. Glass Frit
3. Package leads

L. Pre-oxidize eyelet and
leads

5. Fixture parts

6. Lead trim

7. Finish Header

Top Shield Processing

1. Top shield

Kovar sheet stock stamped and
formed into eyelets.

Powdered Kovar sealing glass
.018'"" D Kovar wire cut to length.

Eyelet and leads furnace-fired
to form uniform oxide coating.

Oxidized eyelet and leads and
glass frit are placed into
fixture and furnace-fired to
form glass to metal seals.

Leads are trimmed to length
at both ends

Giass sealed header cleaned and
plated with gold.

Nickel sheet stamped and
formed into top shields




Figure 5.10 - TO-5 PACKAGE CONSTRUCTION SEQUENCE

(1) STAMPED KICKEL TOP SHIELD

(2) CLEAN AND FIRE IN FURNACE TO ANNEX

P&RT A - TOP SHIELD

- -
L s a@F
v (1) STAMPED KOVAR EYELET

4

@ ® e
‘t_::_%__,_(z) GLASS FRIT

EIGHT KOVAR LEADS

TP
—-—:m::)
—_
%S
N/

(4) CLEAN AND FIRE (OXIDIZE) EYELET AND LEADS
(5) FIXTURE AND FORM GLASS TO MELT SEALS IN FURNACE
(6) TRIM LEADS TO LENGIH

‘ (7) CLEAN AND GOLD PLATE

5.14




2. Finished top shield

Final Wafer and Die Processing
step)

Top shield cleaned and
annealed in furnace

- Outline {From final passivation

. Wafers are final oxidized during the emitter drive-in process.

2. Oxide thickness measurement
3. Apply resist and bake

L. Contact mask align and expose
5. Bake and develop resist

6. Etch

7. Remove resist

. Wafer mapping and cleaning

. Warer mapping and electrical
. Wafer scribing
. Visual die sort

5.2.2.2 Final Assembly - Device

. Metal deposition, delineation, and alloying

die sort

The following is the procedure for final assembly of the mW

RTL T0-5 as shown in Fig. 5.11.
as legend for this figure which
drawing for the finished device.

. Die mounting on header

2. Ultrasonic bonding of lead -
wires from die to leads

The procedure numbers serve
also includes an outline

Finished TO-5 header is heated
in fixture under nitrogen
blanket. Die is orientated on
header and bonded by scrubbing
into place and cooling

001"t Dia. Al~Si wires are ultra-
sonically ''wedge'' bonded to
complete path between the package
leads and die lands. This

method involves the application
of ultrasonic energy and pressure
to the lead wires and die, and
lead wires and post ends.

.15




Figure 5.11 -

4— WELD

/ " PONDED TO MOUNIED DIE

RTL TO-5 FINAL ASSEMBLY

(3) NICKEL TOP SHIELD PROJECTION
WELDED TO STEM ASSEMBLY

(2) 8 Al-S1 WIRES ULTRASONICALLY

FLANGES A N :
g <g—————(1) COMPLETED AND TESTED DIE
S BONDED TO HEADER ASSEMBLY

5.16

(1) GOLD PLATED HEADER ASSEMBLY

(SIMILAR TO LOW PROFILE TO-5)

L4

L3388 y .
303—‘ SEATING PLANE
¥
185
040 ‘ 168
o T 01

A

Leads gold plated KOVAR




3. Top shield welding - Package is hermetically sealed
after internal visual inspection
and vacuum bake to provide pro-
tection to the die and lead
wires. The method involves
projection welding of the top
shield to the finished die=
header assembly in a controlled
atmosphere (dry) box.

5.2.3 T2L - CERDIP
5.2.3.1 Final Assembly~Components

The following are the materials required for the assembly
of the T2L-CERDIP, as shown in figure 5.12. The component
numbers serve as legend for this figure which also includes
an outline drawing of the finished device.

1. Package Lid - Alumina press formed in die and
fired in furnace. Glazed and fired.

2. Lead Wire - Aluminum with 1% Silicon in
continuous length - cut at
assembly.

3. Final wafer and die processing - outline (from final
passivation step).

(a) Wafers are final oxidized during the emitter drive-in
process.

(b) Oxide thickness measurement

(c) Apply resist and bake

(d) Contact mask align and expose

(e) Bake and develop resist

Etch

Remove resist

Wafer mapping and cleaning

Metal deposition, delineation and alloying

Wafer mapping

Electrical die sort

Wafer scribing

Visual die sort

N N N S S N N S

L. Lead Frame - Aluminized Kovar sheet stock
stamped and bent into lead
frames in a continuous pattern
by high speed press.

5. Package base - Alumina press formed in die and
fired in furnace. Glazed and fired,
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5.2

5.2.3.2 Final Assembly - Device

The following is the procedure for final assembly of the TZL

CERDIP as shown in Fig. 5.12.

Components listed in the text

are numerically identified to correspond to the legend on

the figure.

A. Package - die assembly

B. Ultrasonic bonding of
lead wires from die to
leads.

C. Lead sealing

D. Lead finishing

E. Lead trim

L4 Post Seal Processing

Kovar lead framel pre~heated

in air to oxidize. Glazed
ceramic base® heated in fixture
in air to soften glass. Pre-
heated lead frame™ placed over
base and embedded in softened
glass. Back of completed die3
placed into softened glass in
"well' in base®. Completed die-
package assembly removed to cool.

.001't Dia. Ad+Si wires? are ultra-
sonically ''wedge'' bonded to
complete path between the package
leads and the die lands. This
method involves the applica-

tion of ultrasonic energy and
pressure to the lead wires and

die and lead wires and lands.

Package is hermetically sealed
after internal visual inspection
to provide protection to the die
and lead wires. The method in-
volves the fixturing of the die-
package assembly and the 1id!

and furnace sealing in a controlled
atmosphere.

Sealed device is cleaned and
leads tinned.

The sealed and finished device
leads are trimmed to size in a
shearing fixture which also
removes the frame end on the
leads.

The post seal processing for the selected devices consisted of
device finishing, such as plating or tinning leads, gross and
helium fine leak test, electrical test and branding. This was the
minimum amount of testing necessary to insure that electrically
acceptable devices were placed in each stress test and to eliminate
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any variables that may be introduced by non-hermetic packages.

The normal pre-conditioning procedure was omitted for these
devices in order to present 'raw' devices to each stress test.
This procedure normally involves high temperature stabilization
bake, temperature cycling and constant acceleration, in addition
to the gross and fine leak tests.




SECTION VI

DEVICE FAILURE DEFINITIONS AND FAILURE ANALYSIS

6.1.

DEFINITION OF FAILURE CATEGORIES

The failure determination criteria was established as re-
quired by the program and in addition, criteria normally used by
Philco-Ford for device testing was also applied. Four (k)
failure categories were established - two electrical and one each
physical and mechanical.

Catastrophic Electrical Failure:

The program requirements included that of continuing all
devices on stress test unless a device developed a short or an
open, or any leakage current exceeded 100 times the initial
limit (except for constant acceleration test), or if reasoned that
further stress testing would produce less information than an
analysis, at that stress step, would provide. Any device falling
within any of the above criteria would be classified a catastro-
phic or non-functional failure.

Degradation Electrical Failure:

Although not a program requirement, devices that deviated
outside the Philco-Ford specified minimum and/or maximum 1imit
for any parameter, were classified as 'deviates' or degradation
failures. These devices were not removed from subsequent testing
unless they further degraded into the catastrophic category.

Seal Failure:

A third type of failure was a hermetic seal reject. Devices
from the thermal shock and lead fatigue test procedures were
helium fine and f]ugrocarbon gross leak tested. Devices with
leak rates >1 x 107° ATM cm3/sec or that emanated one or more
bubbles were classified as failures for fine or gross leak tests
respectively.

Mechanical Failure:

This category was primarily for the lead integrity or fatigue
stress test. A particular device was retired from test when all
leads were mechanically separated due to the bending stress and
strain.




A second type of failure that is considered within this
category is package breakage and/or deformation due to accident
or inadequate protection by the fixture used to retain the
device during acceleration stress tests.

TABLE 6.1 - SUMMARY_OF FAILURE CRITERIA
Type Device
Failure Test Failure Lriteria Disposition
Electrical
Catastrophic Const.Accel. [Short or open Remove
Al) others |Leakage 100 x Initial limit Remove
or Short or open
Electrical All Any Parameter Qutside Initial Continue
Degradation lTimit .
Helium leak rate >1 x ]0;85tm
Seal Thermal Shock cm3/sec.~Fluorocarbon |Cont inue
lead Fatique i{Gross Leak Rate-one bubble
Lead Integrity Lead Fatique |All leads off . Remove
6.2 TYPES OF FAILURES ANALYZED
The catastrophic electrical failures were the only devices
analyzed. Also a selected portion of the detected leakers were
subjected to the penetrant dye test for verification. All analyses
were conducted in accordance with Philco=-Ford established failure
analysis procedure.
6.2.1. Failure Analysis Procedure:

The first step in failure analysis is to study the electri-
cal test data of the device. This usually suggests one or more
probable failure modes. The analyst then performs sufficient
further electrical tests to verify conclusively that the failure
exists and what the probable modes are.

The device is next subjected to helium leak testing and
radiographic inspection to determine if leaks, inclusion of
foreign particles in the package, or open or shorted internal
lead wires are contributing factors. Negative test results do not
indicate non-existence of the above factors; however, such results
do indicate that if the factors exist, they are beyond the
resolution of the best available test equipment.




A gross package leak, which is not detectable by the helium
method, can contribute to a device failure. The bubble test may
be used if a leak of this magnitude is suspected.

A final check is the use of a highly penetrant dye.

Shorted or open internal leads may not be detected during
radiographic inspection because they may be hidden behind other
elements, or the separation of an open lead may not be sufficient
to be resolved on the radiograph. A large thin foreign particle
which could short a device may escape detection because of its
transparency to the impinging radiation. The use of aluminum
internal lead wires also limits the usefulness of radiographic
inspection on certain device families.

Fach failed device is then opened and subjected to micro-
scopic examination and electrical measurement using probe tech-
niques to determine the cause or causes for failure. When necess=
ary, interconnecting metalizations are scratched open and compo-
nent measurements made with probes. Further more sophisticated
techniques such as preferential etching and staining are used as
needed.

A complete failure analysis report (FAR) is issued for each
device analyzed. This report includes the device history, the
cause of failure, the procedure used in determining the cause of
failure, the manufacturing process believed responsible for the
failure, photographs and, where possible, the mechanism respons-
ible for the failure.
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SECTION Vil

DESCRIPTION OF ELECTRICAL TEST CHARACTERISTICS AND DATA LOGGING
FORMAT

SYMBOL DESCRIPTI1ON

Functional Symbols:

Vey high Vee used for forward input diode current tests
Ve Tow Vec for saturation and high output level tests
Viy input high threshold voltage (enable)

Vi input low threshold voltage (disable)

Ve low voltage for forward input current tests

v threshold voltage for extender input current tests

X

VepTH clock threshold voltage for transfer (enable)

v direct set and clear low threshold voltage

ILS
Vo, output low voltage (at IOL)
Vgy output high voltage (at IOH)
VFD forward diode drop for extender tests
IOH output high current (to loads)
IOL output low current (from loads)
‘FD forward diode current for extender
IF forward input diode current (1 unit load)
IFCP forward clock input diode current (2 unit loads)
IFS forward set and clear input diode current (3/4 unit load)
ICEX output transistor collector leakage current (at VCEX)
ISC short circuit output current to ground, with inputs low
C clock pin pu]éed from V to specific level
Pn OH
IFSI forward set and clear input diode current (2 unit loads)
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21N

IcEx

VRH

supply voltage

a d-c voltage low enough that only leakage

currents flow from the supply terminal. It is used for
leakage test on Gates, Type D Flip Flops, Adders, and
Half-Adders.

the maximum input voltage encountered in a milliwatt system.
minimum high level encountered in a milliwatt system

maximum voltage required to turn on a transistor

the maximum voltage which may be applied to an input terminal
without turning on the transistor.

the output voltage when V is applied to the input pin
the output voltage when V;, is applied to the input pin

current available from an output terminal with a fan=-out
of L

current available from an output terminal with a fan-out of 3
current available from the output terminal of a buffer

maximum current available from the output terminal of a
Gate or a Dual Gate

the current drawn from the Viy supply by one input of a
gate with a fan-in of two or more

the current drawn from the V supp]y by the input of a-
simple milliwatt inverter (FAN—IN

the current drawn from the V |y supply by a Type D Flip-
Flop clock pulse input terminal, Pin 1

the current drawn from the Vy supply by a buffer element
input terminal

collector current of Gate Expander when Vgpp is applied to
the input pins and VN applied to the output pin

leakage current

voltage obtained when the specified resistor is connected to

Veg. This resistor represents the lowest node resistor of
milliwatt circuit

voltage obtained when the specified resistor is connected to
Vcc. This resistor represents the highest node resistor of
milliwatt circuit.
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7.2.1.

Non-Functional Symbols:
VMAx max imum rated Vcc voltage

'MAX maximum rated Vcc current (at VMAX)

Vpp Vcc voltage for power dissipation test

lpp Vec current (at VPD)

VR input diode reverse voltage for leakage test
Iy input diode reverse leakage (at VR)

Veex output transistor VCE for leakage test

lcg output transistor ICE for LVCE test

LV¢E output transistor latch voltage
Subscripts:

0 output

1 input

R Reverse

F forward

L low logic level or supply
H high logic level or supply

DATA LOGGING FORMAT

An example of the data logging format is given in Table 7.1.
The collated listing has each device's readings arranged such
that the initial reading is at the top followed by each subsequent
stress step's reading. Table 7.2 gives an example of the header
and data cards.

Characteristic Values:

All voltage measurements are recorded in volts times 10%,
where x is a negative integer. All current measurements are

recorded in amperes times 10, where x is a negative integer.

The first four digits of each parameter measurement indicates

the numerical value of the measurement and the fifth digit indi-
cates the absolute value of the negative exponent. The power 10
and the negative sign of the exponent are not punched. The
decimal of the numerical value, as punched, is always immediately
after the fourth digit; hence, the voltage measurement:

25453 indicates 25L45. x 10-3 volts, or 2.545 volts.
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7.2.3.

The current measurement: 54235 indicates 5423. x 1072 amperes,
or .05423 amperes, or 54.23 ma.

In the event that a device parameter does not meet the imposed
specification, this will be indicated on the punch card by a
special character punch in the column immediately preceding
the exponent for that particular parameter.

Column 80 Pass Reject Punch:

If any parameter on any card is rejected to the imposed

specification limits, an '&' symbol will be punched in column
80 of the card containing the rejected parameter. If no rejects
occur on the card, column 80 will be punched '0'.

Other Symbols:

If any parameter does not meet the imposed specification
limit it is indicated by a symbol that replaces the fourth
digit in the data column which reduces the number of significant
figures to three. These symbols are given in Table 7.3.

TABLE 7.3 - PARAMETER REJECT SYMBOLS

Parameter Reject Symbol
High Reject lg!

Low Reject -
Over Range Reject I#' or '§!

Polarity Reject '@ or 'w!
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{ MOTGR CO L MOTUR (C

W MOTOR €O

> MOTOR €O

‘WILLO CCRP LANSOALE DIVISION SUBSIDARY OF FORD MOTOR CO

Header Card #1

: Parameter Names

: Header Card #2

Max. Limit Values

Header Card #3

e R
Min. Limit Values

¢ Header Card #4

Units

«g— Data Card #1
Parameter Values



8.0.

SECTION VIII

TEST EQUIPMENT & PROCEDURE

The following paragraphs describe the equipment and procedure
used for the step stress testing and the hermeticity and electri-
cal characterization tests.

HERMET ICITY TESTING

Purpose:

The purpose of this test is to determine the seal hermeti-

city of microelectronic packages with cavities that are either
evacuated or contain a gas. |t is used to assess the reliabil-
ity of the seal in preventing the admission of contaminants to
the cavity that would degrade device performance.

Equipment:

d.

The equipment required is as follows:

Helium fine leak requires a suitable vacuum-pressure bomb
chamber and pumps, source of helium, device holding leak~
test chambers, and a mass spectrometer type leak detector
with a minimum He leak rate sensitivity of 109 atm cm3/sec.

Fluorocarbon(Freon)gross leak, Part B, requires a vacuum-
pressure bombing chamber and pumps, pyrex glass dish, stain-
less steel mesh, hot plate, temperature controller, magnifier
(3X min), and sources of Freon 113 and FC 43. fluorocarbons.

Fluorocarbon (Freon) gross leak, Part A, requires all of the
above equipment except the bombing chamber and pumps.

The 'A' test is used to detect severe package leaks
(>10-3atm cm3/sec) such as cracks and seal fractures that
were missed by visual inspection.

The 'B' test overlaps the 'A' test as well as the upper limit
of the helium leak test (10-5 atm cm3/sec).

Penetrant dye gross leak requires a vacuum-pressure bomb

chamber and pumps, Spotcheck*penetrant dye, and dye
detector. This test is used to verify questionable leakers.

* Trademark Magaflux Corporation
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Procedure:

a. Helium leak test

1.

10.

11.

Place devices in bomb chamber and close cover.
Turn on vacuum pump to evacuate air.
Turn off vacuum pump.

Open Helium valve and set pressure to 90 psig for 3
hours.

Turn off helium valve and bleed chamber to atmosphere
pressure.

Open cover and remove devices.
"Air wash'! devices to remove surface occluded helium.

Within 30 minutes after completion of step 4, place
one device in each leak test chamber.

Test each device individually for traces of helium as
determined by the mass spectrometer type leak detector.

Record measured leak rates greater than 1 x 10-8 atm
cm3/sec.

Repeat steps 8 - 10 for balance of devices.

b. Fluorocarbon gross leak (Part A).

1.

Check that stainless steel mesh is 1/4 inch from dish
bottom.

Check that FC-43 in pyrex dish is at 100°C and that its
level is 2-1/2" min.

Place devices with lid down individually into FC~43
and on stainless steel mesh.

Using 10X microscope, observe whether or not a bubble
or bubbles emanate from the device.

Record whether or not bubbles emanate and location of
emanation.

Repeat steps 2 - 5 for each device.




c. Fluorocarbon Gross Leak (Part B).

I.

2.

13.

Place devices in beaker and into vacuum-pressure chamber.

Evacuate to 1 mm Hg maximum and maintain this vacuum
for one hour.

Without breaking vacuum, draw Freon 113 into the
chamber to cover the devices.

Pressurize vessel to 90 psig with nitrogen and maintain
pressure for 3 hours.

Bleed chamber to atmosphere pressure and remove cover.
Remove beaker with Freon 113 covered devices.

Check that stainless steel mesh is 1/4 inch from dish
bottom.

Check that FC-43 in pyrex dish is at 100°C and that its
level is 2-1/2" min.

Remove one device from beaker and allow to dry 3 minutes.

Place devices with 1id down individually into FC-43
and on stainless steel mesh.

Using 10X microscope observe whether or not a bubble
or bubbles emanate from the device.

Record whether or not bubbles emanated and location of
emanation.

Repeat steps 8 - 12 for each device.

d. Penetrant Dye Gross Leak (Used to verify questionable leakers)

Place devices in beaker.

Evacuate to 1 mm Hg maximum and maintain this vacuum
for one hour.

Without breaking vacuum, draw penetrant dye into the
chamber to cover the devices.
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L. Pressurize vessel to 90 psig with nitrogen and maintain
pressure for 12 hours minimum.

5. Bleed chamber to atmosphere pressure and remove cover.

6. Remove beaker containing devices, and decant excess
penetrant dye into storage vessel.

7. MWash penetrant dye from devices with acetone and dry.

8. Open each device and examine for traces of dye using
10X microscope.

9. Spray each device with penetrant dye detector.
10. Reinspect each device for traces of dye.

11. Record whether or not dye is present in the internal
cavity of each device.

ELECTRICAL TEST

Purpose:

The purpose of the electrical test after stress is to pro-
vide a means to determine whether or not an applied environmental
stress caused changes in device characteristics that would either
impair its performance or cause it to become non-functional.

Equipment:

The equipment used to electrically test all the device
types is called the '"Philco Evaluation and Logging Tester'' or
MPELT'.

This Quality and Reliability Microcircuit tester is a paper
tape programmed unit providing test results onto cards or type-
writer and tape.

it performs D.C. tests on microcircuit devices having up
to sixteen leads and also provides pulse levels for clocking or
setting the device under test to its required level prior to
making the test measurement.

A perforated tape block reader is used to program the tests.
Microcircuit elements decode the tape information which set up
the test circuit.
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Automatic, semi-automatic, and manual modes of operation
are provided for all phases of engineering studies. An engineer-
ing panel, made available for experimental testing, is presented
as a matrix with the module pins as the abscissa and the input-
output conditions as the ordinate. In this mode, one may monitor
and adjust bias levels or monitor the input-output pins of a
device under test. A special operating mode is provided to
inhibit further testing when a test reject occurs. When this
occurs, the operator may choose to examine the test result or
command the tester to proceed on.

Eighteen pre-set voltage levels and eight pre-set current
levels are available for biasing. Two current readout circuits
are provided to measure the device current when forcing a voltage.

Procedure:

a. Obtain programming tape for particular type to be tested
and install on Tape Reader.

b. Obtain standards of the same type to be tested to check
machine calibration.

c. Read one standard by inserting into test socket on PELT and
depressing start pedal.

d. After PELT completes testing and recording, proceed to test
other standards.

e. Compare standard readings to original data for these devices
and, if within tolerance, proceed to test devices or, if not
within tolerance, notify technician. '

f. Read and record on 80 column data punch cards, all required
parameters for each device.

g. Submit completed test cards to be collated and have data
printed out.

h. From print-outs, earmark all readings of devices that were
indicated by machine to be outside of one or more initial

limits.

i. Verify all leakage tests.
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j. Check other device readings to determine if any are unrea-
sonable and need verification.

k. After completion of verification procedure, date and stamp
data runoff as ''verified'.

HIGH TEMPERATURE STORAGE

Purpose:

The high temperature storage test is used to determine the
effect of elevated temperatures, without electrical stress applied,
on microelectronic devices. It also can be used as a precondition-
ing treatment during final processing of devices.

Equipment:

The equipment consists of a controlled temperature chamber
capable of attaining and maintaining the specified temperature
within T1%. Containers or trays are provided to hold the devices.

Temperature Control:

The temperature chamber is provided with a thermocouple,
and associated circuits, that controls the chamber temperature
by switching the input power to the resistance heaters. In addi-
tion, a limit switch is provided that prevents the temperature
from exceeding a limit 5% above the required chamber temperature.
This limit switch sounds an alarm and, if unheeded, cuts all
power to the heaters. Manual reset is necessary. The tempera-
ture is also monitored by another thermocouple which drives a
recording potentiometer. Readings are recorded every two (2)
minutes.

Test temperatures of 75, 125, 175, 225, 250, 275, 300, 325,
350, 375, 400, 425, L50 and L475°C were used for the program.

Test Procedure:

a. Read and record specified electrical parameter for each
device.

b. Check chamber temperature and adjust and calibrate if necessary.

c. Place devices into holding trays or containers capable of
withstanding the chamber temperature.
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d. Place tray or container into chamber and record date and time.

e. After the required time of 24 hours, remove tray or container
containing devices and let cool to room temperature.

f. Read and record specified electrical parameters for each
device.

g. Repeat steps 'b' through 'f' for each test temperature re-
quired.

STEP STRESS OPERATING LIFE

Purpose:

The purpose of the Step Stress Operating Life test is to
determine a representative failure rate or demonstrate the re-
liability of a device when subjected to a specified level of power
at a given temperature.

Equipment:

The equipment consists of suitable test boards for the
particular device, a controlled temperature chamber and required
power supplies.

Circuits and Conditions:

The actual operating life circuits are given in Figures 8.1
to 8.8. Note that series resistances should be sufficiently
greater than the impedance of the device to make it possible to
control and maintain constant device current, regardless of
fluctuations in device impedance.

A1l device types were subject to stress levels of from
200 mW to 1000 mW at 125°C in 100 mW steps. The dissipation is

determined from P = Ig V] for all types except the PLI909,
PL9910 and PL9913. For the PL9909 and PL9910 circuits it can be

shown that the device dissipation is approximately:
Pp =1g Ve + IRL (Vcc-VEE-IE RE-VCE)
For the PL9913 the dissipation is:

Pp =ViIRL + V2 I2




Figure 8.1 - OPERATING LIFE TEST CIRCUIT - PL9932 (u7330)
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Figure 8.2 — OPERATING LIFE TEST CIRCUIT - PL9945 (u7332)
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Figure 8.3 - OPERATING LIFE TEST CIRCUIT - PL9962 (u7374)
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Figure 8.4 - OPERATING LIFE TEST CIRCUIT - PL9909 (n7219)
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Figure 8.5 - OPERATING LIFE TEST CIRCUIT - PL9910 (u7220)
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Figure 8.7 - OPERATING LIFE TEST CIRCUIT - PD9624 (u7938)
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Figure 8.8 - OPERATING LIFE TEST CIRCUIT - PD9625 (u7942)
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Procedure:
a. Read and record specified electrical parameters.
b. Load devices into circuit test boards.

c. Check that power éupp]ies are at required supply voltages
(Vec and Vee)

d. Place test boards containing devices in 125°C test chamber
-and seat into power sockets.

e. Allow devices to stabilize at 125°C prior to applying power.

f. A?jus% Vce and/or V] and Ig and/or IgL to give required power
evel.

g. Maintain power level for 24 hours.

h. Turn off power, remove test boards containing devices from
chamber and allow to cool.

i. Read and record specified electrical parameters.
j+ Repeat steps 'b' through 'i' for each power level.

REVERSE BIAS

Purpose:

The purpose of the reverse or back bias test is to determine
the devices!' capability of withstanding its maximum rated voltage
at elevated temperature. This electrical stressing serves as an
indication of the stability of the devices' surface and bulk
characteristics including the surface problems of inversion
and channeling.

Equipment:

The equipment consists of suitable test boards for the
particular device, a controlled temperature chamber and required
power supply.

Circuits and Conditions:

The actual back bias circuits are given in figures 8.9 =

8.16. The bias is applied such that the maximum number of junctions

are reverse biased. A 10 Kilohm resistor is placed in series with the




Figure 8.9 — REVERSE BIAS LIFE TESD CIRCUIT - PL 9932 (u7330)
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Figure 8.10 - REVERSE BIAS LIFE TEST CIRCUIT - PL9945 (p7332)
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Figure 8.11 - REVERSE BIAS LIFE TEST CIRCUIT - PL9O962 (17334)
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Figure 8.12 - REVERSE BIAS LIFE TEST CIRGUIT - PL909 (k7219)
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Figure 8.13 - REVERSE BIAS LIFE TEST CIRCUIT - PL9910 (17220)

Figure 8.14 - REVERSE BIAS LIFE TEST CIRCUIT - PL9913 (»7032)
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Figure 8.15 - REVERSE BIAS LIFE TEST CIRCUIT - PD9624 (17938)
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Figure 8.16 - REVERSE BIAS LIFE TEST CIRGUIT - PD9625 (17942)
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8.6.
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power supply to limit the current in the event that a junction
breakdown or other short develops. The amount of power that is
dissipated in the normal device is negligible but can increase
rapidly should a defect appear. The series resistor prevents
this increase and avoids other circuit damage, such as effects

of the power dissipation type of test,that can mask the actual
reverse bias failure mode.

All devices were tested at the same reverse bias conditions
at temperatures of 75, 100, 125, 150°C for a total of 800 hours
(200 hrs. per step).

Procedure:

a. Read and record specified electrical parameters.

b. Load devices into circuit test boards.

c. Check that power supply is set at required supply voltage.

d. Set and stabilize chamber temperature.

e. Place test boards containing devices in test chamber and seat
into power socket.

f. Allow device temperature to stabilize prior to applying bias.
g. Adjust bias voltage, if necessary.

h. Maintain conditions for 200 hours.

i. Cool devices and turn off power.

j. Remove test boards from chamber.

k. Read and record specified electrical parameter.

1. Repeat steps 'b' through 'k' for each temperature.

CONSTANT ACCELERATION

Purpose:

The constant acceleration test is used to determine the
effects of centrifugal forces on microelectronic devices. It
is used to detect structural and mechanical weaknesses such as
those that occur in die bond, wire bonds and cover seals that
are not easily discernable by other means. [t is also used as a
high stress test to determine mechanical limits of packages and
device construction methods and interconnections.




8.6.2.

Equipment:

The equipment consists of a centrifuge capable of apply-
ing the specified centrifugal force to the device in a suitable

restraining fixture and rotor.

A sketch of the equipment's

pertinent details is given in Figure 8.17. ,

Fig.8.17 - OUTLINE OF CENTRIFUGE TEST EQUIPMENT

8.6.3.

G - Level

Device Fixture (two shown)z

Rotor Basket

Rotor Fixture

The acceleration is directly proportional to the square
of the angular velocity and the radius of the circular path
traversed by the device under stress. This is expressed as:

W2l‘

Where: Acceleration

- 200
o

il

Since centrifuge speeds are
number of revolutions in a given
it can be readily shown that the

a =9.138 x 1074 w2r

Where: w = Angular velocity in
r = Radius in inches
Using ‘'g', the acceleration of

it is convenient to

G = 2.84] vaO'S wer

in ft/sec
Angular velocity in-radians/sec
Radius of circular path in feet.

normally specified in the
time, such as revolution/min.,
expression (1) becomes:

gravity as 32.174 ft/sec?
write the number of 'G's' as:

Since the radius is fixed by the rotor diameter and device
fixtures, the angular velocity is the variable used to set the




8.6.4.

required G level. Thus finally:

w= 102 |3.5005] /2
r
Where: w is in rev/min and
r is in inches
2 ['g.9u16| 172
or: w= 10~ | 8.941G
-
Where: r is in cm

For the program, the rpm given in table 8.18 were used
to achieve the specified G level at the center of the device in
the Yl plane

TABLE 8.18 - r.p.m. Required for Given 'G'" Level

: Cerpac T0-5 Cerdip
Level ro= 3.25" r= 3" r=2.83"
20,000 G's 14,750 15,250 15,750
40,000 G's 20,750 21,750 22,250
60,000 G's 25,550 26,500 27,500
80,000 G's 29,500 30,500 31,500
100,000 G's 31,750 34,250 35,250

Test Procedure:

a. Read and record specified electrical parameters for each
device. '

b. Load devices into holding fixtures for the particular type
package as given in Figure 8.19.

Figure 8.19 - OUTLINES OF CENTRIFUGE DEVICE HOLDINGC FIXTURES

Force Direction ewemm— YI Plane
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8.17
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The Cerdip is 'waxed' into its fixture for the high 'G!'
levels to prevent package breakage. This is necessary due to
the flat projection in the center of the package top that pre-
vents both top end areas of the package from resting against
the fixture bottom. Thus, the device is subjected to bending
stresses and at higher acceleration this stress causes breakage
at the projection end, or of the package at the end leads.

c. Orientate and load fixtures into centrifuge rotor for accel-
eration in Yl plane.

d. Close centrifuge cover.
e. Set centrifuge control at rpm required for particular G level.

f. Start centrifuge and allow to reach the required rpm as indi-
cated by calibrated gage.

g. Hold devices at required rpm for one (1) minute.
h. Turn off centrifuge and allow to coast to stop.
i. Open cover and unload fixtures from rotor.

j« Unload devices from fixtures.

k. Read and record specified electrical parameters for each
device.

1. Repeat steps 'b' through 'k' for each 'G' level.

PNEUPACTOR MECHANICAL SHOCK

Purpose:

The mechanical shock test is used to determine the effects
of short duration acceleration forces on the devices. These
forces are similar to those experienced due to abrupt changes in
motion or suddenly applied forces in field operation and trans-
portation. The force is normally applied in the Yl plane.

Equipment:

The equipment consists of a pneumatically accelerated missile
(fixture), a guide tube, and an impact pad capable of transmitting
high 'G' peak pulses of short duration to the body of the device
without damage. A sketch, giving pertinent details of this
equipment is given in Figure 8.20.




Impact Pad
=
t__Air Chamber Tube Missile
Inserted
as Shown
Breech End
8.7.3. G Level:

The deceleration force applied to the device in the missile
being accelerated varies directly as the final velocity of the
missile just before impact and the impact pad resiliency, and
inversely as the missile's weight. The duration of the force
is an inverse function of the impact resiliency. Although the 'G'
level and duration can be calculated from the known quantities
described above, it is not commonly done since equipment is
available that can easily determine the force and duration by
actual measurement.

In order to perform the measurement, a force-measuring
transducer with the same impact pad material is substituted for
the impact pad at the same distance from the breech end. A
charge amplifier is used to convert the transducer or accelero-
meter output of pCb/1b to lbs/volt. The peak voltage is then
recorded on a peak reading voltmeter and the number of G's is
calculated from F = ma as follows:

G=a=F.1=F.1 .1=F
g m g Wg g W
Where: a = acceleration in ft/sec? 9
g = acceleration due to gravity, 32.17 ft/sec
F = force in lbs.
m = mass in Ibs-sec?/ft
W = missle weight in Ibs.
or: G=F
W x .0022
Where: W = Missile weight in grams.




An oscilloscope is used instead of the voltmeter when the
pulse duration must be known in addition to the peak acceleration.

8.7.4. Test Procedure:

a. Read and record specified electrical parameters for each
device.

b. Load devices into holding fixtures (missiles) for the parti-
cular type package as given in Figure 8.21.

Figure 8.21 - Pneupactor Shock Test Fixtures

Force Direction____> YI Plane
{, ,f‘
r‘tI:] ’

CERDIP CERPAC TO-5
NOTE: Devices normally 'clamped' in fixture -
shown suspended for clarity.

///-
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c. Calibrate equipment by using a "dummy! device in a missile.
d. install accelerometer in place of the impact pad.

e. Place same type of impact pad material on accelerometer.

f. Weigh missile containing device and record in grams.

g. From chart, Figure 8.22, determine peak force required to
give required acceleration for the missile weight.

h. Set peak reading voltmeter to proper scale, (10, 20, 50,
100, 200, 500, 1000, 2000, or 5000 Ibs/volt) to allow peak
force to fall approximately mid-scale.

i. Test fire missile with dummy device by placing it in pheu-
pactor breech end and depressing firing pedal.

j+ Adjust air pressure to obtain the peak voltage reading
required and refire.




Figure 8.22 - REQUIRED FORCE FOR GIVEN MISSILE WEIGHT AT VARIOUS "G" LEVELS
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k. Continue test firing until three consecutive readings are
within + 10% of the required value.

1. Fire each test device missile five (5) times.

m. Unload devices from missiles.

n. Read and record specified electrical parameter for each device.
0. Repeat steps 'b' through ''n'"' for each 'G' level.

THERMAL SHOCK

Purpose:

The purpose of this test is to determine the capability of
a device to withstand sudden extreme changes in temperature.
These temperature changes cause variation in physical character~
istics that in turn can cause changes in electrical characteris-
tics and physical damage.

Equipment:

The equipment consists of two temperature controlled baths
containing suitable liquids chosen to obtain the temperature
extremes. It also includes a device holding basket and a trans-
fer mechanism to alternately immerse the devices in each temper~
ature extreme bath for the specified time.

Temperature Extremes:

The program devices were subjected to the temperature
extremes of +200 + 0 ©C and -65 + 5 °C for a total of 200 cycles.
-5 -0
Electrical test and hermeticity checks were performed at each
20 cycle interval. Immersion time was 5 minutes and transfer time
3 seconds.

Each bath contains silicon oil which is capable of maintain-
ing proper viscosity at the required extremes.

Temperature control is achieved by means of a thermocouple
controlled resistance heater for the high temperature bath and a
dry ice cooled bath for the low temperature. Thermometers are
also provided for each bath as an additional temperature monitor.




8.8.4. Procedure:

a. Read and record specified electrical parameters for each
~ device.

-8

b. Helium leak test each device. Record readings over | x 10 “atm
cm?/sec.

c. Fluorocarbon gross leak test each device and record whether or not
bubbles emanate from each device.

d. Place devices in holding basket and suspend basket on transfer
mechanism in thermal shock chamber.

e. Set bath timers and transfer timer to 5 minutes and three (3)
seconds respectively.

f. Check bath temperatures and adjust if necessary.
g. Close chamber door and start transfer motor.

h. Allow devices to transfer from 20 complete cycles as deter-
mined by mechanical counters.

i. Remove basket with devices and degrease.
j. Repeat steps a, b, and c.
k. Repeat steps 'd' through 'j' for each 20 cycles.

8.9. LEAD FATIGUE (LEAD INTEGRITY)

The purpose of this test is primarily to determine the
resistance of the device leads to metal fatigue due to repeated
bendings. 1t is also used to test the capability of the lead
seals to maintain hermeticity after repeated bending.

8.9.1. Equipment:

The equipment consists of a fixture capable of holding the
device by its body and rotating the body 90°. A weight of
L + 0.2 oz. with a clamp for attachment to a device lead is also
requared Sketches of the equipment for each type package are
shown in Figure 8.23 in the starting position.




Figure 8.23 - OUTLINES OF LEAD KATIGUE TEST FIXTURES
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8.9.2. Number of Arcs and Seal Integrity:

The program required subjecting all device leads individu-
ally to bending cycles until each lead fatigued or to 200 cycles,
‘whichever occurred first. Helium fine leak and fluorocarbon gross leak
tests were performed at selected increments of bending cycles as
determined by using other than program devices, such that a mini-
mum of three seal tests were performed. ‘

8.9.3. Procedure:
a. Load device into holding fixture and clamp.
b. Attach weight to device lead number one. Rotate device in
fixture 90° and return to starting position for the speci-

fied number of bending cycles (arcs).

c. If lead breaks before required number of cycles is completed,
record the number of completed bending cycles.

d. Repeat'b'and'c'for each lead.,

e. H:}ium fine leak test devices and record leaks >l x 10-8atm
cr’/sec. ‘

f. Fluorocarbon gross leak test devices. Record whether or not
bubbles are observed emanating from device.

g. Repeat steps 'a'.to If' for each increment of bending
cycles.

8.24






