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LVALUATION

Thermal tests such as airetoeair tempcraturc cycling and liquid-to-liquid
thermal shock are important environmental requirements for microcircuit devices.
This study has cemprehensively investigated the response of a wide variety of
modern micrecircuit types in both hermetic and plastic packages to many variations
of these stresses for many thousands of c¢ycles. We have learned which package
types are sirongest, how wire bonds degrade, which tests (and at what range and
number of cycles) result in device degradation, and how effective are screcning
tests using temperature cycling and/or thermal shock.

This data may be used to estimate failure rate under cycled conditions,
to improve screening and qualification specifications, to improve device design
for greater environmental strength, and to evaluate the capabilities of various
package types,

Regarding tne plastic vs. hermetic controversy, it will be found that
although it is shown that plastic molded parts may behave quite well under
cycled temperature environments, they may also perform very poorly. decususe
of this variability, lack of general ccnfidence in the plastic package remains,
liowever, the high frequency of hermeticity failures of the ceiamic duaal-in-linc
package is also cause for concern, and RAUC's empnasis on package strength,
nermcticity and cleanliness continues.

et L. T Gt rannny
ALTRED L, TAIBURRING
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SECTICON I

1.0 INTRODUCTION

Thermal mechanical tests, temperature cycling and thermal
shock have long been used to evaluate and screen integrated
circuits. The mechanical stresses at the temperature extremes
used in these tests induced by the differences in the thermal
expansion coefficients of the materials used to fabricate a
complete integrated circuit, become concentrated at meterial
defects such as cracks and voids. This increased stress may
rupture or fracture the material at the point of defect or
cause fatigue-type iailures upon repeated application of the
stress through repeated cycling. Since these stresses are most
critical at material interfaces, these tests have teen used
to detect bad wire bonds and die bonds, poor metallization,
marginal package seals. The rep=ated applicaticn of the mechan-
ical stresses characteristic of these tests will also cause
propagation of cracks in brittle ma 2»rials.

Temperature cycling is an air-to-air test. Method 1C.0
of MIL-STD-883 defines a test where the devices are alternately
placed in a hot chamber and then a cold chamber urtil 10 ex-
posures at each extreme are completed. The devices remain a
minimum of 10 minutes after the test chamber temperature has
stabilized to assure that the devices reach thermal equilibrium
with the air in the chamber under these conditions. The transfe.
between chambers may be abrupt or the devices mav siz at room
temperature for 5 minutes. The temperature of the device,
while changing rapidly, is essentially the same throughour the
oevice at any instant; that is, the temperature gradients inside
the device are very small.
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Thermal shock as defined by Method 1C1l of MIL-STD-883
specifies hot and cold baths of a suitable liquid. The devices
are immersed in each bath for a period of 5 minutes and the
transfer time must be less than 10 seccnds. 1In this test, the
change of temperature is much more rapid and temperature
gradients may exist within the device, inducing mechanical
stresses which are beyond the strength of the materials in the
device.

Historically, thermal shock has been called a glass
strain test (MIL-STD-750 Method 1056.1) and has been used to
evaluate the quality of glass packages and glass-to-metal seals.
Temperture cycling has been the test used for thermomechanical
screening.

There exists differences of opinion as to which test,
temperature cycling or thermal shock, provides the most effi-
cacious and cost-effective thermomechanical screening test.
Some device manufacturers are interested in using thermal shock
for 100% screening because of the shortened c¢ycle times afforded
by the test. Some organizations believe that thermal shock
provides a more effective screen than does temperature cycling,
while others believe that temperature gradients induced in the
package bv thermal shock tests have the potcntial of causing
excessive stress in the glass-to-metal seal areas, which can
produce latent hermeticicy failures. The ability cf different
package designs to withstand thermal shock stresses varies
widely.

There are differences of opinion as to the critical
parameters of thermomechanical testing. Some work has indicated
that the temperture range is more critical than the rate of change cf
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temperature. Often, hcwever, there appears to te little corre-
lation between thermal shock and temperature cycling test results
when performed using the same temperature extremes.

The parameters of thermomechanical testing should be
better defined. The failure mechanisms activated by these stresses
must be determined with greater preciczion.

In March 1972, Motorola initiated a program to investi-
gate thermomechanical testing. This effort was sponsored ty the
Rome Air Development Center, Griffiss Air Force Base, New York
under Air Force Contract #F30602-72-C-0251. This report presents
the results of this program.

1.1 PROGRAM OBJECTS

The objects of this effort were:

(1) To evaluate the ability of state-of-the-art
packages to withstand the mechanical stresses

induced by temperature cycling and thermal
shock.

(2) To determine if a relationship exists betweer
the effects of temperature cycling and thermal
shock test methods to end-use conditions.

(3) To assess the value ¢f thermal shuck and temper-
ature cycling as stresses which may be used to
accelerate those failure mechanisms which are
activated by the temperature changes character-
istic of normal use envirorment.

1-3




T

S

{&4) To study those physical principles governing
thermal mechanical testing which will establish

guidelines for testing future devices.

1.2 PROGRAM OUTLINE

To accomplish the objectives of the program the follow-
ing major tasks were established.

1.2.1 Test Sample Selection

A total of 3,168 samples of 14 vendor package combina-
tions were used in this program. The package types and number
of vendors for each package are shown in Table I-1.

Througinout this report vendor means manufacturer. . i.e.,

the company who made the product, not the company that sold the
product.

The 7400 type TTL quad 2 input NAND Gate was chosen
as the test vehicle for all 14 pin packages. An 1103 type random
access MOS memory was used for the test vehicle in the 18 pia
silicone package. The 40-pin Vendor 12 LST package was used with
a 112 Gate Array, three level metallization, patterned for a
inultiplexer unii.. Vendor 13 LSI packages were dummies.

1.2.2 Basic Studies

Tharmal coefficients of expansion and tne glass tran-

sition temperature of the epoxy and phenolic molding compounds
were determined experimentally.

The thermal mechanical dat 1 on the materials used in
the fabrication of the ceramic glas: devices were obtained from
the leterature and materials manufac.ure. This data was utilized

in performing a heat flow analysis and a thermomechanical stress
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' Vendor i
Package type/style Materisl Designation Total ‘Samples
'_ =_—r_—___—'—_=—_—=# — —_——
’ 14 Pin Plastic dual-in-line Type 1 (A) Vendor #1 - 216
: Epoxy Vendor #3 217
5 Type 2 (B) Vendor {2 215
. Epoxy
Phenolic Vendor #4 214
: 18 Pin Plastic dual-in-line Silicone Vendo:: #l4 46
3 [ 4
14 Pin Flat Package Metal Vendor 5 276
Glaas
Ceramic . Vendor #6 240
Solder Glass Vendor #7 277
14 Pin Ceramic dual-in-line Ceramic Vendor #§ 342
Solder Vendor #9 341
Glass Vendor #10 339
Ceramic, Vendo: #: 275
Metal Cap
40 Pin Ceramic dual-in-line Ceramic Vendor #12 115
LS1 Metal Base
Metal Cap
b Ceramic Vendor #13 55
Metal Rase
Metal Cap
Dumay
TOTAL SAMPLE SIZE 3,168
3 Notes:

(A) Type 1 epoxy is a Phenol Cured, Fpoxy !lovolac.

(B) Type 2 epoxy is an Anhydride Cured, Bisphenol-A, epoxy.

TABLE 1-1

Package Classification By Vendor
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analysis on the dual-in-line ceramic package using the Motorcla
'"MELTA" program for heat flow analysis. The results of this
analysis were used to perform a static load stress analysis using
the Mechanics Research Inc., Stardyne Computer Program.

Studies were performed, using tharmal diode techniques,
to determine heating and cooling rates at the die when the device
undergoes temperature cycling and thermal shock in accordance
with methods 1010 and 1011 of MIL-STD-883.

Tie final study was to determine the effect or the pack-

age seal when exposed to the fluids normally used in thermal
shock.

1.2.3 Thermomechanical Stress Matrices

The thermomechanical stress matrices are showr in
Table 1-2. With the exception of the tests in Matrix i, the
Temperature Zycling Thermal fhock Step Stress Matrix, all test
cycles performed “n accordance with the applicable test waothc.
of MIL-S1D-883. The thermal shock test was modified teo 10 cycies
per step to coircide with temperatur: cycling requirements. Tre
temperature cycling temperature limits were modified for plastic
packages because at temperatures above 200°C the plastic rarterial
degrades rapidly. End-point measurements were performed after
each step to detect electrical and package failures.

The Multiple Cycle Temperature Cycle and Therral Shock
Matrix (Test Matrix II) comsists of 2000 cycles minimurm of therr..l
shock and temperature cycling, as defined in MIL-S7D-883 Metiuoo
1011 and 1010 at levels shown. Test cells were truncatcd after
greater than 607 of the sample had failed. End-point neasurvrents

were made periodically to detect electrical and package failuics.
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TABLE 1-2

Thermorecha: ical
Stress Matrices
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The purpose of this matrix was to cetermine the differcrces, if
any, in failure moces and failure -distributions.

The Thermal Shock Temperature Cycle Inter-action Marrix
(Matrix 3) was des!gned te detect any latent cefects which migit
bte induced by thermal shock when used as a 1007 screen. The
Jevices were preconditioned by subjecting them to 15 cycles of
“hermal shock pcr Method 1011, MIL-STD-883, at the levels stowm,
and then subjecting the devices to extended temperature cycling.
Erd-point measurements were made after thermal shock ard at
iatervals during the extended temperature cycling to detect
electrical and package failures.

The Wireoond Degradation Matrix (Matrix IV) was designed
to determine the effect of thermal shock and temperature cycling
on the pull strength of the internal lead wires and wire bornds.
Devices were subjected to temperature cycling and thermal shtock
as shown in Table I-2. End-pvint measurements in both tests vere
periormwed at 30, 60, 120, 510, 1020 cvcles. 7Two units and :he
five units of the control group were decapped and all undanmarcd
wires were pullzd. Breakirg force and {ailure mode wvere recorded
for each wire.

The Seal rtrenpth Degradatior Test was performed t«
determine 3f the glass seal of the Cerdip package would lte du-rade,
by subjecting the device to thermal shock at Test Condizion .
of Method 1011, MIL-STD-383. End-point measurements werc puvioried
at 15, 45, 90, 495 and 1005 cycles. At each end point 10 devicues
were removed from rhe test lot. These devices plus a 15-picce
correlaticr sample were sulbjected to a turque stress ir the scal
area. The value of torque required to fracture the pacrtage was
recorded for each broken device.
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End-point measurements for the foregoing stress tests
consisted of DC and functioral tests at 25°C, cortinuity tests at
temperature extremes and, in the case of the 14 pir plastics, a
Monitored Temperature Cycle Test over the temperature range of
-65°C to 150°C. All hLermetic packages were subjected to seal tests
per MIL-STD-883, Method 1014, Test Conditions A &nd C.

All confirmed failures were analvzed to determine the
causative mechanism. Special techniques used in decapsulating
plastic packages are presented in Section V.

Analysis of the data, in some cases, presented some
special problems. The data does not always fit the distributions
usually used in analysis. For that reason the results of the tescs
in Matrix I and Matrix II are presented as linear plots with
respect to the number of cycles. The statistical techniques used
to analyze each major matriy and the cdata presentcotion emploved
are discussed in the body of this repo:t.
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SECTION II

2.0 SUMMARY

A variety of thermo-mechanical stress tests were per-
formed on a variety of package styles from several different
manufacturers. The single most obvious result was the widely
different failure responses observed from vendor-to-verdor within
the same package styles.

Plastic dual-in-line devices using the latest epoxy
and large internal wires (Vendor 1) out-performed all package
styles, hermetic and plastic on long-term temperature cycling
(greater than 3000 cycles, -65/+150°C) and thermal shock (greater
than 2500 cycles, -65/+15C°C). Devices from another vendor
{Vendor 3), using the new epoxy but smaller internal wires, did
very well on both these stress sequences but not as well as
Vendcr 1. Interacrion Matrix results indicated Vendor 4 had a
perfect record, with Vendor 1 next, then Vendor 3. The failure
mode for plastic devices was intermittents or opens at 25%¢ due
to grain boundry fracture or intergranular fracture in the wire
above the bond.

Ceramic flat packages were the best performers of the
hermetic package styles, especially on the thermal shock stress
tests. These packages are smali and strong and retain their
herme.icity through the toughest environments. They did experi-
ence slizghtly more bond failures throughout the extended thermal
cycling than did the best plastic, but fewer than the ceramic
dual-in-linc samples. In the Interaction Matrix, Vendor 7 had a
perfect record, with Vendor 5, a metal flat, next, and Vendor 6.
with noticeably poorer performaace than 5 or 7.
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The ceramic dual-in-line package stvle gave intermediate-
to-poor performance results, experiencing much greater hermeticity
fuilure and bond failu.es chroughout these test sequences. The
hermeticity performance depends directly on the type and strength
of the sealing glass with the newer glasses performing much better
than the old glasses. In all cases, thermal shock is destructive
to the hermeticity of these packages due to the relatively weak
glass and thermal mismatch of the DIP construction. In general,
long-term temperature cycling does not affect hermeticity but does
cause extensive wirvbond failure within the first few thousand
cycles. The failure distribution appears tv be "wearout”. The
failure mode is "open at 25°C" due to wireflex failure.

Thermal shock, 0 - 100YC can cause progressive weakening
of the sealing glass, as snown by the torque test results, and
temperature cycling does cause a degradation in wirebord strength
as well as the number of wireflex failures.

The heat flow studv shows that 5-minute dwell for Thermal
Shock, Method 1011, Conditions A, B, or C is adequate for 14 pin
plastic and ceramic dual-in-line and the 40 pin dual-in-line LSI
package. Actual temperature measurements, using substrate isola-
tion diodes, indicate tne computer heat flow analysis is conservative.

Ethylene glycol is shown to chemically attack the sealing
glass used to seal dual-in-line packages. For long-term thermal
shock sequences, polyalkylene glycol (UCON OIL) was used. This
material caused much less glass attack than did the ethylene
glycol. This test sequence demonstrated the importance of the bath
fluid in obtaining accurate long-term thermal cycling results.
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SECTION III

——

3.0 CONCLUSIONS

4 3.1 PLASTIC DEVICES

(1) Plastic devices are capable of good performance

when subjected to temperature cycling step stress
provided they have heavy wires (i.e., 1.5 mil).

(2) The major difference in thermal cycling response
was due to the difference in wire bond size (i.e.,
1.0 mil vs 1.5 mil).

(3) Phenolic performed better than epoxy above 125°C
since the glass transition point for phenolic is
considerably higher than that of epoxy (i.e., -200°¢
vs ~145°C).

(4) Thermal cycling plastic above its glass tranmsition
point is not immediately destructive, but not
recommended.

(5) There was a strong vendor-to-vendor difference -
Vendor 2 having significantly poorer performance
than Vendor 3, using same bonding system (1.0 mil
gold bail bonds) but a different epoxy.

I (6) There are significant differences in thermal cycling
performance due to differences in epoxy. Type 1
epoxy performed better than Type 2.
5 (7) Various distributions of the failures were found.
No one failure distribution appears tc be predominant.
| (8) Thermal cycled plastic devices fail as inrermittents

IR, T

’ and havd opens. Those that failed for intermittent
operation would eventually fail as hard opens after

b additional cycling. The failure mode was pre-

dominantly grain boundry fracture and intergranular

fracture.
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(9

(10)

(11)

(12)

(13)

3000 thermal cycles was not far enough to generate
5G% faiiures on several samples. The sample sizes
were too small to allow meaningful extravolation.
Plastic devices showed higher failure races with
thermal shock, Condition A than with Condition C,
even though Condition C had a greater delta temp-
erature and higher maximum temperature. The higher
failure rate was due to the use of water in Condition
A rarher than UCON oil as used in the other con-
ditions. The water would penetrate into the devices
and cause corrosion of the aluminum. The UCON oil
would not.

Thermal shock (10 cvcles) preconditioning did not
influence the subsequent long-term temperature
cycling performance but there was a sigrificant
temperature cycles-vs-vendors interaction as well

as a verdor-to-vendor difference.

The vendor with the lowest glass transition point

and 1.0 mil wires (Vendor 2) had the highest failure
rate under all thermal cycling conditions. This

fact would be consistent with the assumption of
weakened wirebonds due to stress relaxation combined
with high tension forces on these wires by the
surrounding plastic as it expands.

In liquid-to-liquid thermal shock, 5-minute dwell
time at each extreme is adequate for plastic packages
to reach equilibrium temperature. X

CERAMIC DUAL-IN-LINE PACKAGES

(1)

The media study confirmed that ethylene glycol attacks

the seal glass used in the fabrication c¢f dual-in-line
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(2)

(3)

(4)

(5)

(6)

(7)

ceramic packages. Type 1l glass sufferec wmore
chemical attack than did Type 2 glass.

In liquid-to-liquid thermal shock, 5-minute soak

time at each temperature extreme is adequate for
these packages to reach thermal equilibrium.

The ccmputer analysis shows that the sealing glass
(Type 1 in particular) is the weakest material in
this structure. The calculated 5000 PSI tensile
strength in the glass is only slightly higher than
the 4330 PSI stress incurred at steady state cool-
down to -65°C.

Some long-term loss in strength of the sealing

glass occurs with repeated thermal shock to Method
1011, Condition A (0 - 100°C). The strength loss

is greater in Type 1 glass than in Type 2 glass.
Thermal shock is more detrimental to package integrity
(hermeticity) than to wire bonds. Thermal shock,
Method 1011, Condition A (0 - 100°C) resulted in
helium fine leakers wherzas Condition C (-65/+150°C)
generated gross leakers. The distribution of leak
test failures was essentially the same pattern in
both cases (i.e., a weak distribution below 100

cycles and a strong distribution above 100 cycles).
Dual-in-line ceramics suffered much greater hermeticity
reject rates than did ceramic flat packages when
thermal cycled.

A strong vendor-to-vendor difference was noted in
nearly all test sequences. Vendor 9 had the stronpest
Cerdip but weakest bonding. Vendor 8 did poorly

overall; Vendor 10 had a weak package but pgood wire-
bonding.
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(8)

(9

(10)

(11)

(12)

(15)

Temperature cycling affects wivebonds and bond
strength much more than does thermal shock.

Wirebond strength is affected by prolonged thermal
cycling, especially Method 1010, Condition C,
temperature cycling. The bonda strength starts to
degrade from the start and continues fairly lirearly
with either log (cycles) or log (time at 150°C) .

At higher stress levels, Method 1010, Condition D
(-6SOC/+200°C) some stress relaxation takes place,
improving the failure rate over that of Condition C.
If residual glass is left on the bonding pads, wires
bonded through this glass will be more likely to
fail as lifted bonds upon thermal cycling. Expansion
of this glass causes the bond-to-pad to develop
fractures and eventually to lift off the pad (LD's).
The strong bonds degrade the least while the weak
bonds degrade the most when subjected to extended
thermal cycling. Zero wire pulls were obtained

from 240 cycles on. Greater degradation occurs

with gold-aluminum bonds than with the all-aluminum
bonding system,

The main failure mode for these thermal cycled parts
was break at the heel due to wire flex.

Thermally cycled wedgebonds fail sooner than ball
bonds and if it is a gold-aluminum wedge bond, it
will fail sooner than an aluminum-aluminum bond.
Gold wire had a significantly greater number of
center wire breaks than did aluminum wire samples.
The high capping temperature of the Cerdips increased
the annealing of the aluminum wires and resulted in
more centerwire breaks than in the sidebraze dip

sealed at the lower temperature.
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(16) The direction of bonding had a significant effect
on failure mode. Vendors 8 and 9 used up-bonding
and experienced 94% of their failures with the first
‘ bond - the one on the die (BD's). Vendors 10 and
1 11 used down-bonding and experienced 85% of their

failures with the first bond - the one on the post
(BP's) .
(17) There were no interactions between ceramic dual-in-

line packages and no significant main effects on DC
| electrical performance when parts were preconditioned
f with thermal shock and then given extended temperature
1 cycling. There was a significant interaction between
3 thermal shock response and vendors, and a strong
independent effect due to thermal shock alone, on
hermeticity performance (Indicated Leakers). After
confirming the leakers, there remained a significant
(@ 0.1%) main effect between levels of thermal shock.
1 Test Condition C, thermal shock, is particularly
1 destructive to all Cerdip parts on hermeticity, but
not DC electrical.

3.3 S1DEBRAZE

(1) The sidebraze package is very strong and does very
well in temperature cycling and thermal shock up
to 325°C. At this temperature¢ the solder seal melts
and the device fails catastrophically. 1t huad the
best hermeticity response to thermal shock of all
the dual-in-lines.

3-5




el o )

R e D e oy

o

Ll Lkl

3.4

(2)

(3)

(4)

(5)

(6)

FLAT

The wires bond reliability was not as good as with
other dual-in -line packages since down-bonding

was used from a gold-plated post to the aluminum

pad on the die. The post bond was weak because it
was the first bond made and because it developed
intermetallics, which are also weak.

This package didn't appear to undergo stress relaxa-
tion since the post bond was the weakest link and it
did not anneal. Therefore Condirion D resuits are
consistent with test Condition C results.

This package went 1500 thermal cycles (offset) prior
to onset of tailure. From that point on, it began
failing (opens) very quickly. 50% of the sample

had failed by 3000 cycles.

In the interaction matrix, the sidebraze package
(Vendor 11) with its gold-aluminum post bonds, showed
a much higher failure rate to preconoitioning level

C combined with temperature cycle life to Condition
D, than did any of the other dual-in-line parts.
However, on hermeticity, it was the only package with
a perfict record - no failures.

With improvements in wirebonding to this package, the
sidebraze could be a very good high reliability

package for use in thermal cvycling operation

PACKAGES

(1)

Flat packages. both ceramic and metal, were the best

performers throughout all test sequences.
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(2)

(3

(4)

(5)

(6)

LS1

On the interaction matrix test, Vendor 6 was sig-
nificantly worse than Vendors 5 and 7 on DC failures
but was still better than the best ceramic dual-in-
line. There were no leak test failures.

Stress relaxation is evident in these flat package
groups also, with bond failures to test Condition
D being lass than o test Condition C (Temperature
Cycling, Method 1010).

In the wirebond degradation study, no hermeticity
failures occurred to any of the flat packages sub-
jected to either 1020 cycles of temperature cycling
or thermal shock, Condition C (-65/+150°C) in both
cases. There were also no failures on electrical
or mechanical evaluations.

Vendor 7 was the best performer across the board
with no hermetic, mechanical, electrical, or zero
wire pulls throughout the entire 1020 cycles of the
wirebond degradation study.

For thermal cycling reliability, the ceramic flat
package is best.

PACKAGE

(1)

Because of the large size of these packages, this
package tended to trap helium more cften and to a
greater extent than most dual-in-lines. When con-
firmation tests were run, very few of these 40 pin
packages would confirm as leakers. Only dummy pack-
ages were used in the interaction matrix.
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(2)

(3)

(4)

Up to 200°C, these LSI packages did well on both
temperature cycling and thermal shock step stress
test sequences. Since they had a solder seal.
stresses above 325°C caused hermeticity failures.

Due to continuous electrical readout problems wita
LSI chips, these parts did not progress as planned.
Vendor 14 only reached 500 cycles of thermal shock,
Condition C, but was 100% failed at 30 cycles of
Condition C, temperature cycling, due to electrical
opens.

Vendor 12 made 2000 cycle readout with 127% electrical
failures. As with the cther dual-in-lines, more
failures were found to temperature cycling, Condition
C, and to Condition D, a higher stress. This
indicates that stress relaxation predominated over

an intermetallic formation of the post bonds.

GENERAL CONCLUSIONS

(1)

(2)

(3)

(4)

(5)

Temperature cycling affects wirebonds, whereas
thermal shock affects hermeticity.

The greatest difference observed over all test
sequences was vendor-to-vendor differences.
Hermetic parts tended to fail for break at the heel
due to wireflex.

Plastic parts generally failed for grain boundry
fracture above the bond due to tension on the captive
wire by the plastic.

Thermal shock, Method 1011, Condition A, does cause
fine leszk failures even with 15 cycles. To screen

the entire weak distribution would require approximately
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(6)

(7)

(8)

100 cycles, and result in a 30 to 45% loss. This
test appe@drs to be destructive to the integrity

of the package and should not be used as a 100%
screen,

Thermal shock preconditioning {15 cycles) using
Condition A, B, or C, does not modify the subse-
quent performance of ceramic dual-in-line or ceramic
flat packages to extended temperature cycling at
Conditions B, C, or . There is no interaction
between thermal shock and temperature cycling.
Differences in choice of materials and methods of
processing can cause different response to thermal
cycling.

Hermetic parts were approaching wearout at 4000
temperature cycles, Method 1010, Condition C
(-65/+150°C). Two plastic lots both having 1.5
mil wire went 4000 cyc’es at the same test con-

ditions without any failures.
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SECTION IV

4.0 TEST PROGRAM

4.1 SAMPLE DESCRIPTION AND END POINT TESTS

The 7400 quad 2 input NAND gate was chosen as the test
vehicle for all 14 pin packages. This device is covered by
military specificaticn. It is a mature device, available from
many vendors in all packages of interest. To obtain a better
measure of the effectiveness of the :hermo-mechanical stresses
screens, commercial grade product was procured.

The device used in the LSI packages, Vendor 12, is a
Multiplex Circuit derived from a 112 gate array. This circuit
uses three levels of metallization to form the functional inter-
connect on the die. The package used was a 40 pir dual-in-lire
package. Dummy packages, designated Vendor 13, were used in the
interaction matrix to reduce costs.

The Vendor 14 device was arn 18 pin silicone dual-in-
line package containing a P channel MOS 1024 bit random access
memory.

The method of procurement for the sample used is shownm
below.

Franchise Distritbutor Stock Vendors 2, 5, 6, 7, 8, 9

Direct Factory Order Vendors 1, 3, 4, 7, 10, 11, 12, 13
Government Furnished Sample Vendor 14

Details of the design and ccnstruction for each of the
levices used are shown in the following paragraphs.

4-1
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4,1.1 Dual-In-Line Plastic Packages

Five plastic vackcpges were chosen for the program.
They include fcur 14 pin packages and one 18 pin package. Table
IV-1 presents a comparison of the material and assembly techniques.

Ore sample of the five plastic packages were subjected
to X-ray to show the details of lead frame and mounting bar design,
Figure 4-1 shows the X-ray photograph of the packages irom vendors
1, 2, 3, 4 and 14. As shown in the figure, each vendor uses an
isolated die bond flag. Figures 4-Z through 4-5, SEM micro-
ptotographs of samples of Vendors 1. 2, 3 and 14, show irnternal
construction de-ail. To prepare the samples for these micro-
photographs the encapsulant was chemically removed so as not to
disturb the wi:es relative to the die and lead frame. All die
bonds were of the yold eutectic type. Frem the amount of material
in the filled zrea on the Vendor 14 ol- it is deduced that Vendor
14 uses a golc preform i the die tond process.

As showr. in Figure 4-1, the lead frame geometry of
Vendors 1 and & are identical. Vendor 4 uses a silastic Zdie coat.
Figure 4-6 pictures a Vender &4 device in cross section showing
the geometry of the silasric die coat in relation to the die and
lead frame. Other tnan the differences in bonding techriques and
wire size, the geometries of the internal wires do not vary sipni-
ficently &mong Vendors 1, 2, 3 and 4. The minor differences shown
ir Figures &4-2, 4-3, 4-4 and 4-> are typical of what was observed
in the aralysis of the failures gerereted by the test proprar,
and as will be showrn in later secticns, wire dress had ro bearing
on the ability of these devices to withstand the strusses of che
environnent.
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Figure 4-2. SEM Microphotograph. Vendor 1 Wire and Lead
¥ Frame Assembly After Partial Chemical Removal

of Encapsulant.

B
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4 Figure 4-3. SEM Photograph. Vendor 2 Device Wire and lead
Frame Assembly after Partial Chemical Removal

] of Encapsulant.
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4-6(B)

Cross Section of Vendor 4 14 Pin P_.astic Dual-In-Line Package
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4.1.2 Flat Packages

Three flat packages were chosen for this program. They
represent the three wwost popular case outlines ir the 14 pin con-
figuration. The case outlines designations and material ard
construction characteristics are shown in Table IV-2.

The Vendoxr 5 package is a metal glass package having a
Kovar bedy and cap with glass secals between the leads and body.
Final sealing is achieved by welding the cap to the body or tase.
All metal parts of the package are gold plated.

Vendor 6 and Vendor 7 flat packages have essentially
the same construction, differing only in outline dimension of the
package body. These packages consist of a ceramic cap and base,
each of which 1is selectively glazed with a cr; itallizing solder
glass. Assembly and sealing is achieved by heating the base to
soften the glass at which time the lead frame is imbedded in the
glass of the base, and the die bond is made. The temperature at
which this takes place is in the range of 350°C to 400°¢C derending
on the type of glass used. The time of exposure at this tempe:rature
is short so that little, if any, devitrification (crystallization)
of the glass occurs. Afrter wire bonding, the cap is placed on the
base and lead frame and the entire assembly is rapidly heared ro
450°C to 500°C. This temperature is maintained for a period or
the order of 5 to 10 minutes. The glass on the base and cap flows
together around the leads and crystallizes (devitrifies), formirng
the lead and final seal at the same time. Each of the forepoing
steps must be precisely controlled to assure the correct properties
of the glass. This is the same process used to seal the ceranmic
glass dual-in-line package.

4-8
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The solder glasses are based or lead oxide (Pb().
Various materials are added to cont.oi the properties of the
glass, such as the devitrifying temperature and the temperature
coefficient of expansion. Tables IV-3 and IV-4 give the results
of a chemical analysis of a typical lot of each of two ftypes of
solder glasses fourd in this program. As shown by these analyses,
many elements and their oxides are found in these glasses either
as dopants or impurities.

4.1.3 Dual-In-Line Ceramic Packages

Four 14 pin dual-in-line ceramic packages were chosen
for this program. Three of these, Vendors 8, 9 and 10, were of
the ceramic-solder glass type. The fourth, Vendor 11, was of the
metal ceramic lead seal type. Table IV-5 shows a comparison of
materials and assembly techniques used to fabricate these packages.
The ceramic glass packages are assembled in the same manner as
the ceramic flat packages. Heating rates ancd times may te adjusted
slightly to account for the iarger thermal mass of the dual-in-
line package.

The ceramic metal sealed package is fabricated in the
following manner. First, a metal film patterned to form the leads
through the package and the die mounting area is placed on a thirn
piece of green (dried but not fixed) ceramic. The metal used us
usually molybdenum or a similar material which will stand ceramic
firing temperatu:es and bonds to the ceramic. Then, a second piece
of green ceramic with a window cut to form the die cavity is
placed over the first piece. Ther both halves are fuzecd together,

forming = seal around the lead pattern.

The lead pattern is extended to the edgec of the package.
The external package leads or pins are brazed to the edge of the

4-10
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8ilica (51i0,)

Mixed Oxidef (Al70%, Fe203, etc.)
Calcia (Ca0)

Magnesia (Mg0)

Baria (Ba0)

' Soda (Na»o0)

Potassa (K»0)

Sulfate (563)
Fluoride (F2)

\ Boron Oxide (B203)
Zinc Oxide {Zn0)

Lead Oxide (PEQ)
Titanium Oxide (Ti02)
Lithium Oxide (Lij0)

Lo ol
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TCTAL 100.08

TABLE IV-3

Results of Chemical Analysis of a Typical Lot of
Type 1 Crystallizing Solder Glass

Silica (Si02)

Alumina (Al7013)

Iron Oxide (Fep03)
Calcia (CaC)

Magnesia (Mg0)

! Baria (Ba0Q)

Fluoride (Fy)
Titanium Oxide (TiC»)
Vanadium Oxide (V20s)
Lead Oxide (Pb0)
Boron Oxide (B20C4)

. Zinc Oxide (Zn0)
Zirconium Oxide (Zr02)

o
SNV O O OO OO
L]

(o]

TOTAL

PO
O
o2
[o0]

TALLE IV-4

Results of Chemical Analysis of a Typical Lot
of Type 2 Crystallizing Solder Glass
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package giving the package the popular name of "Sidebraze." A
metallized strip is also laid down around the opening in the top

to facilitate capping with a metal lid. All exposed metal parts
are then gold plated.

In assembling devices in this package Vendor 1l used
a furnace die bond method with a lead-indium tin solder to bond
the die to the package. Final sealing was performed by brazing
the Kovar cap to the package with a gold-tin euteztic braze
at 325°C.

4.1.4 LSI Package

The 40 pin LSI package chcsen for this program is a
ceramic filled glass package featuring a Kovar base plate and top
plate, both of which extend the full length and width of the
package. TFigure 4-7 shows the completed package. The pachage
is constructed by laying up in a proper fixture the base plate,

a ceramic filled glass preform, and the tcp plate. All metal

parts are oxidizeod to provide a metal glass seal. The glass pre-
forms have windows cut into the center to form the package cavity.
The window in the top preform is larger so that the lead {rame

tip which forms the wire bonding posts are exposed and supperted
by the bottom layer of glass. The assembly is ther fired at 1.00%
to 1200°C to fuse the parts together. After firing, the ne:zal
parts are cleaned and gold plated.

When assembled into a completed circuit, the die is
mounted directly to the base plate using either a gold silicor
eutectic bond or a solder prefurm. The Kovar lic is brazecd to

the top of the package with a gold tin eutectic.

4-13




1]
i
tigure 4-7, Dual-In-Line LSI Package
’
i




4.1.5 End-Point Measurements

The tests and measurements to which all samples were
subjected initially, and at specific intervals throughout the
test program, are shown in Tables IV-6 and IV-7.

4,1.5.1 Electrical Tests and Measurements

DC parameters for the 7400 product (Table IV-6) con-
sisted of first a threshold continuity test where the ground pin
was biased positive and the current sensed between all other pins
and ground. The value of bias was 1 volt, so that the possibilitv
of healing an open bond by arc over was minimizec. After threshold
testing, the DC parameters were measured. These measurements
included all specified parameters for the commew:cial 74CC TTL NAND
gate. The applied sequence of input and ocutput forcing functions
and measurements were sufficient to assure the device was functional.
These tests were programmed on a Fairchild 4000M integrated circuic
tesier. The continuity tests were programmed to occupy the firsct
track of the tester memory disc. This allows the use of zire &LOOCHM
to be used for continuity tests at -65 and 125°C. The 125°C con-
tinuity tests were performed on plastic dual-in-line packages
using Motorola's test system dedicated for that purpose. The test
method applies a positive voltage at ground pin and ground all
other pins through a detector circuit which activates a signal light
for each pin.

A special electrical test circuit was designed for the
monitored tempecrature cycle test. Tais test, used on plastic dual-
in-liine pac. iges, monitors the current through all pins of the
device as the cevice is exposed first to -S5 and thern to 150°¢C.
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A schematic diagram of the sense and indicating circuits is shown

in Figure 4-8. Current is forced through the substrate diodes of

t. device under test (not shown) by connecting Vec = 5.00 to pin

7, the device ground pin. "f all internal connections are intact, '
this zurrent flows cut the pins under test (pins 1 through 6, and
8 through 14). This current, ¢n the order of 100 microamperes,

is sufficient to saturate eich Ql hold in each Q2 cutoff. This
impresses 4 volts to each input of the 13 input positive NAND gate
formed bv the MC1803P and the 5 expander diodes holding pin 8 of
the MC1803P low, which extinguishes the LED indicator. If any pii
opens, the corresponding QZ transistor goes into saturation,
forcing pin 8 of the 1803P high, turning the LED onn. The LED

remains on as long as any pin remains open.

These circuits were mounted on a multilayer etched cir-
cuit board. Thesz boards were plugged into a cavd edge connector
cn removable temperature chamber door. The devices, under test,
were plugged into test sockets mounted on a swa.l etched circuit
board which plugged into a card edge connector on the inside of
the oven door. Devices are temperature cvecled by changiny the cver
door from the cold chamber to thne hot charber. The test cperator
observes the LEDS during the temperature cycle and records those
which come on romentarilyv uring the cycle ard those that sre or
as the devices stabilize at 150°C. In this way, we were athle o
differentiate window intermittents, i.e., those urits which show
open wire bonds over a snall portion of the cycle, from rhose
devices which remain open circulteo at 150°C (or —650C).

The minimum response time of the system is dependert on
the visual response of the operator, which is in the ranpe of 0.1
to 0.0l secund. Sirce the maximum rate of change of renperarure
was on the order of .1 degree per second, the ninirmum Lenpercture

wirdow we could have detected was less than 1 degree.
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The DC electrical parameters of the bipular 112 Cate
Array (see Table IV-7) were measured on a proprieta.; LSI tester.

Pass-fail criteria for input and output parametcrs were essentially

the same as eommereial TTL logic limits adjusted to account for
fanout lcading.

Initial parameter limits were used throughour the
program.

Since the circuit used was a multiehannel multiplexer,
this device was funetionally tested in the process of setting the

output states during parameter measurement. These measurements
)
were taken at 0°C, 25°C and 70°C at eaech readeut.

DC parameter measurements on the 1103 P-MOS Random
Access lMemory were performed in aeeordanee with the commercial
speeification on a proprietary MOS Memory/LSI Tester.

Functional
tests were performed on a Microdyne Memory Exerciser.

High and low temperature continuity tests were performed
in a manner similar to the other plastic devices. The substrace
and protective diodes are forward biased and the eurrent is sensed
at every pin. The temperature extremes were established by irvers-

ing the device under test in a "florinert" bath maintained at
specified temperature (-SSOC and 125°C).

"'\'
PFeY e

Functional testing was performed after DC paramecter

and continuity testing to deteet any statie eleetrical discharre

damage induced by handling. Maximum rate of ehange of teuperature

was on the order of 1 degree per second. The minimum temperature

window of intermittent contact we would have deteeted is less than
1 degree Celcius.

All electrical rejects were verified bv retest and cu-ve

traeer analysis as applicable. Since the dominant failure modces

of plastic encapsulated integrated eireuits in the thermul eyclin.
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environment has been intermittent open and oper circuit failures
caused by fracture of the internal lead wires and wire boncds, all

thermal intermittent failures were left on test until 25°C failures
developed or until the end of the test sequence. Then the failed
units were removed for failure analysis. This was done to deter-
mine the time stress relationship between the onset of thermal
intermittent failures and complete open circuit conditions.

4.1.6 Seal Tests

Seal tests were performed on all hermetically sealed

devices using procedures per MIL-STD-883, Mechod 1014, Condition A,
for fine leaks and Condition C for gross leaks, initially and at
every readout. The limit for fine leak was 5 x 10-8 atm-cc/sec
helium. The relative leak rate was recorded for all rejects.
Indicated fine leak rejects were allowed to remain on ctest. In-
dicated gross leak rejects were removed and subjected to ved dye
verification. The procedure for this is found in Appendix I.

4.2 PLASTIC THERMAL EXPANSION CHARACTERISTICS
4.2.1 Discussion
i The ability of a plastic encapsulated device to withstan

temperature cycling and thermal shock is directly relatec to the
thermal expansion coefficient over the temperatures of interest.
The thermal expansion ccefficient is not constant with temperaturc.
It increases with temperature monotonically until a critical temp-
erature is reached where the rate of change of the temperature
coefficient of expansion increases dramatically. The temperature
or range of temperatures where this abrupt change ir the thermal
expansion coefficient takes place is called the glass transition
temperature (Tg) of the material. These changes in sccondary
thermodynamic properties are indicative of changes of material

the molecular level.
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In addition, composite metal/plastic structures arc
almost all fiber filled molding compounde exhilbit anisotropic
thermal expansion characteristics. In general, the coefficiert
of thermal exparsion is smaller in the direction of material
flow during molding than is the coefficient of expansion in &
direction normal to the flow axis. This phenomena is due in
part to the ordering of the filler fibers parallel to the axis
of flow.

Another factor which contributes to the anistropy in
thermal expansion of a plastic encapsulated integrated circuit is
the orientatior. of the lead frame with respect te the axis of
measurement. " his latter factor would be the primary cause of
enistropic thermal expansion in silica filled molding compounds,
the silica filler beirg generally in the form of small spheroids.
Expansion measurements were taken in three orthogonal directions
on each package to determine if any TEC differences existed due
to filler orientation or molding conditions.

4.2.2 Theory of Measurement

Therrmal expansion of the polymer materials used o
encapstlate IC's can be determined by placing a piece of the pelyrer
of known dinersion in a thermomechanical aralyzer (TVMA) ard
measuring its change in length (2L) as a function of :emperature
(T). Thermal e¢xpansior. coefficient (TEC) is determired fror the

slope of the LL-T plot using the fullowing mathematical relationship:

. 1 ) 1 . dLu
TEC = — _— = [ i (l)
L, AT L, JT
-, = iritial specimen height at room temperature
L = cpecimen hcipi.c at T
L =L - L
)
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Equation (1) is a definition of expansion coefficiert vhich has
the units: rm expanded per mm of original length per degree.

Lo is measured before subjecting the polymer specimen
to testing, and the temperature and rate of heating are controlled
by conditions set up cn the TMA. The problem then tecomes one
of cetermining the slope of the AL-T curve so the TEC can be
calculated from equation (1).

The measurements for this program were taken on a 'Tupont
900" Thermal Aralyzer with a Dupont 941 Thermal Mechanical Analyzer
(TVA). This instrument monitors the movement of a probe placed
against the sanple under test as the sample is heated, thus measur-
ing the change in length. The critica. test variables in these
measurements are prot loading and sample heating rates. The
Dupont 941 TMA has provisions built into it to vary the load on
the probe on the specimen from approximately 0 grams to 100 grams.
Motorola's experience in testing the thermoset polymers used for
encapsulating integrated circuits has shown that varying the loacirg
on the specimen from 1 to 2C grams on a 0.635M" (0.CZ5 inch) dian-
eter probe did not cause any significant change in the derivec
thermal expansion coefficients.

The 20 gram loading produces a compression stress of
6.2 x 1P Newtons per square meter (approx 90 psi) which is less
than 0.5 percent of the compressive strength of the moldirg com-
pound used. A load of 5 grams was chosen for the TEC measurements
in this program. This lcad gives an average compressive stress
at the probe contact of 1.55 x 105 Newtons per square metcr (approx-
imately 22.5 psi). This reduces the 2rror in measurcments due to
deformatiou and creep in the specimen at the elevated temperatur.
to essentially zero.
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Specimen heating rate must be established and controllec
as the accuracy of the results depend on temperature unifermity
within material. When considering the specimen heating rate, the
size and thermal conductivity of the material must be considered. .
Large specimens or specimens with low thermal conductivity require
low heating rates to obtain the degree of temperature uniformity
required for accurate thermal expansion coefficient determination. .
However, if the rate of heating is too low, molecular flow cf
the material, particularly at temperatures above the gflass tran-
sition, may produce erronecus results as well as consume an
excessive amount of time. The specimen heating rate ir. the Dupont
Thermo Mechanical Analyzer can be controlied accurately over the
range of 2.5°C/min to 50°C/min. Experience in testing a larye
number of polymeric materials is thcet the errors in the thermal
expansion coefficient caused by heating rates are negligible over
the range of 2.5°C/min to 20°C/min when using a specimen of nominal
size 6.35mm long by 6.35mm wide by 2.5mm thick (0.25 in by 0.25 in
by 0.1 in).

The glass transition temperature, Tg can be estimated
from a plot (Graph) of change in length vs temperatuvre or thermal
expansion coefficient vs temperature. In either case, the value
ls determined by extrapolating best fit straight lines to the
curve above anc below the breakpoint or knee of the curve until
they intersect. The point of intersection defines che estimate
of Tg. Fipure 4-9 shows this construction on a hypothetical

thermal expansion coefficient - temperature curve.

4.2.3 Experimental Procedure

Thermal expansion coefficient measurements were nade on
specimens from five 14 pin plastic dual-in-line packages of the
vendor types shown below.
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TEC

TEMPERATURE —

Figure 4-9. Determination of Glass Transition Temperacur.
from Thermal Expansion Coefficient vs Temperactur.
Plot
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Vendor Number Resin Type

Epoxy Type 1

Epoxy Type 2
Epoxy Type 1

R A

Phenolic '

A specimen was prepared from each device (five specimens
per vendor) by sawing a block from one end of the package as skown
in Figure 4-10. Fack specimen is a composite structure of molding
compound and lead frame. Thermal expansion measurements were per-
formed on the Dupont Model 900 Thermal Analyzer with the Dupont

Model #941 Thermal Mechanical Analyzer attachment. The test param-
eters were:

Probe 0.635mm (0.025 ir)
Load 5 grams

Heating Rate 20°Clmin.
Atmosphere Dry W2

Each specimen was cycled through the thermal analyzer
two times, without removal, for each of the three orientations.
The first run from room temperature to 245°C has the effect of
setting the probe firmly against the specimern. After reaching
245°C, the specimen is cooled to -80°C and the second run ther
made, again to 245°¢C.

The thermal expansion coefficient is determined from the
thermal analyzer output using a five-point numerical differentia-
tion formula, using computer processing of the data(l). The TEC
is determined as a function of temperature from -7C to 240°C.

The data is shown on Figures 4-11, 4-12, 4-13, and

<0 0 : i )
4-14 from -507C to 2007C. Each point is an average of five separace
measurements,

i
>




(3)LEAD FRAME
" SEGMENTS

DIE MOUNT
< :

SEGMENT
{3)LEAD FRAMFE
SEGMENTS

4

T 6.35mm ———-||

(0.25")

(3)LEAD FRAME STUBS

Position 1 Perpendicular to the lead frame
Position 2 Parallel to the long axis of the pacwhayc
Position 3 Perpendicular to positions 1 and 2

Figure 4-10. Orientation of Expansion Measurements witl: Respect
to IC Package Cecmetry
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4,2 .4 Results

Examination of Figures &4-11 through 4-14 show some small
difference in the TEC for cach of the three mutually perpendicular
directions. These differences are primarily due to lead frame
orientation. As a consequence of sample preparation, each TEC
measurement represents a composite of leadframe, and resin expan-
sion, and the data is thus representative of the complete integrated
circuit package.

Comparison of the Vendor 1 and 3 expansicn curves show
them to be identical. This is not surprising since Type 1 molding
resin is used for both parts. Vendor & phenolic has the lowest
thermal expansion coefficient. Vendor 2 type 2 devices have a
kigher thermal expansior ccefficient than the others.

Exparsion coefficients for epoxies increase as the temp-
erature rises. The point at which this increase becomes rapid is
the glass transition temperature (Tg). Estimated values for each
package system are given below:

System Tg °c)
Vendor 1 Type 1 Epoxy 1: ¢
Vendor 3 Type 1 Epoxy 150
Vendor 2 Type 2 Epoxy 100-120
Vendor & Phenolic 180-200

Differences in the orthogonal TEC measurements are attuyi-
buted to differences in lead-frame orientation. These differences,
while small, are real and bzcome larger abcve the glass transition
temperature.
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Vendor 1 and Vendor 3 Type 1 epoxy units have icentical
TEC-temperature curves which zre the result of using similar
molding compounds. Lead frame design differences between the
units does not cause a detectable difference in the TEC results.

4.3 THERMOMECHANICAL STRESS

This section covers the thermomechanical analysis of the
Microelectronics Package Study. Section 4.3.1 discusses the detailed
thermal analysis aspects and 4.3.2 discusses the mechani-al aspccts.
The analvsis was concentrated on a 14 lead ceramic dual-in-line
package since this packzge is the most susceptitle to thermal
shock stresses. Stress levels near the package leads werc pre-
dicted for typical cool-down and warm-up thermal shock conditions.
Basically, the results indicated that the maximum stress level:
would occur during a cool-down from 400°C (i.e., the stress free
temperature) to -65°C. The results also indicated that the glass
material with a tensile stress of 4330 psi woui. be very closc to
its allowable limit (5000 psi @ 25°C).

4.3.1 Thermal Analysis

During the cold and hot tcmperature shock tests requirec
by MIL-STD-883, the microelectronics package is subject to severc
temperature extremes (l.e., -65°C to +150°C). These sudder temp-
erature changes produce stress levels in the package that ray causc
degradation or catastrophic failure of the lead/glass scal inter-
face. To predict these stress levels, it 1s necessary to know the
thermal gradients throughout the package as a function of time. &
detailed computcr the:mal analysis was made to determine transient
temperature profiles for both a sudden warm-up and cool-down of =
typical 14 lead ceramic dual-in-line package (CDIP).
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1

4.3.1.1 Thermal Model

Prior to making the analysis, it was necessary to model

the DIP as a series of finite element subvolumes (nodes). Fecause
of symmetry, only one quarter of the package was modeled. A

total of 716 nodes were used to represent the one quarter model of
the 14 lead CDIP. The package was basically divided into eight
layers as described below:

T T e SN W e W s T T ---.Pd"“-zé- =

=y

é LAYER NO. MALTERIAL DEPTH(Inches)
? 1 Ceramic C to .025
2 Ceramic 025 to .050
3 Glass 050 toe .063
4 Glass/Lead Frame .063 to .073
5 Glass .073 to .085
6 Ceramic .085 to .110
7 Ceramic .110 to .135
8 Ceramic .135 to .1l€0

Each layer, with the exception of layer lNo. 4, containec
at lezst seventy-five 0.025 in. wide x 0.025 in long nodes. The
glass/lead frame layer (No. 4) had many small irregular shaped
nodes due to the variations in the widths cf the leads. After com-
pleting cthe nodal model, the intra-ncdel thermal resistances ana
the thermal capacitance (Wcp) for each node were determined. In
b { order to calculate these values, the thermophysical propertics of

the various materials must be known. The material properties that
were used are listed in Table IV-8.

i B R Al i it s i iR
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TABLE IV-8 Material Properties for Thermal Analysis

*Used with plastic package.

% Material Density ;zz:ific 22§3§§iivity
Lb/Fe> BTU/Lb-°F BTU/Hr-Ft -°F
] Ceramic (AL,0,) 235 0.20 11.0

1 . Glass Type 1 374 0.03 0.33

% ' Lead Frame (Alloy 42) 510 0.11 10.0

f *Lead Frame (Alloy 200) 555 0.105 36.0

ﬁ Silicon 145 0.18 80.0

é Plastic (Phenall 8700) 110 0.30 0.64
|

After completing the above calculations, the data was
input to the Motorola SIGMA 5 computer in conjunction with the in-
house thermal analyzer program (MELTA) and a sample free convection

i steady-state problem was run for the ceramic package to verify the
adequacy of the thermal model. The results agreed with past exper:-
mental data and indicated that the model was suitable. The next
step was to include boiling heat transfer from the surface of the
package and the leads.

4.3.1.2 Heat Transfer Coefficients

i Durinpg a typical thermal shock test, the DIP is subjected

% to a sudden plunge from a 150°C soak into a -65°C methyl alcohol bath.
i | Bolling occurs the instant the DIP is submerged in the bath. The

3 boiling heat transfer rate 1s a function of the temperature diffcrence
3 between the surface temperature of the DIP and the liquid's saturacion
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temperature (65°C for methyl alcohol at sea level}. The boiling

heat transfer equations also include a constant that is dependent
upon the surface-fluid interface combination.

This constant can
only be determined experimentally.

Since it was not within the
scope of this effort to determine the boiling heat transfer rates

for methyl alcohol, the following approach was taken. The data of !

Reference 2 presents the beiling heat transfer equations and empirical

data for cooling integrated circuit packages in Freon. These equations

were modified for use in the present analysis by substituting the

appropriate property values for methyl alcohol in place of those for

Freon. A check was then made to determine if the boiling heat

transfer coefficients that were obtained as a function of temperature
were reasonable. The results are shown in Figure 4-15. Note that
the heat transfcr coefficient ranges from 10 BTU/Hr-FtZQF to

25 BTUer-FtZQF in the free convection region and increases to

approximately 9000 BTU!Hr-thQF in the boiling region. It should

be menticned that the free convection coefficients are determined

via a subroutine in the main heat tcansfer program. The equations

involved for these calculations are straightforward and can be found
in most heat transfer text books.

4.3.1.3 Computer Analysis and Results

The first problem that was run on the cormputer was the
o} . .
cool-down of a 150°C ceramic DIP whe

en plunged into a -65°C methvl
alcohol bath.

tfter completing the ceramic DIP run, the promerties

arnd model were changed to represent a plastic DIP and the problem

was rerun. The results showed that the most severe thermal gradients '

occurred in the ceramic package. Figures 4-16 and 4-17 show the cool-

down curves at sections taken throush the center and near pin 7,

respectively, of the ceramic DIP. XNote that the cool-down response

4-36




- Touwryldy ao3y Apog Buitoo) 3o
aanjvxadwa] 90EFING SA IIFJSUBI] JBIH JO IUIFIFIIOD "CI-% 2an81jg

(3 334930-"L3 'DS-"YH/N18) LN31D133302 NOILIZANOD

1'c8o 0 rALe) 10 8°0 #0 0 10 8°0 PO 20 10
D0OTX 001X
- 0s!
+
- (e]o]]
-
m
=
b ~
m "
o =
— > =
l
c
n
m
— 0 =
_ e
— 0G-
| | | |1 | 00I—




o_zqmuo/ n:zo____ \\J

wm_.nnu -~ — €1 (0069- 03 o06<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>