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EVALUATION 

Thermal tests sacli as air-to-air temperature cycling and liquid-to-liquid 
thermal shock are important environmental requirements for microcircuit devices. 
This study has comprehensively investigated the response of a wide variety of 
modern microcircuit types in both hermetic and plastic packages to many variations 
of these stresses for many thousands of cycles. We haye learned which package 
types are strongest, how wire bonds degrade, which tests (and at what range and 
number of cycles) result in device degradation, and how effective are screening 
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 tue 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,  because 
of this variability, lack of general confidence in the plastic package remains. 
However, the high frequency of hermeticity failures of the ceramic dual-in-line 
package is also cause for concern, and RAUC's emphasis on package strength, 
hermeticity and cleanliness continues. 

AirRLU I.  TA71MURRIN0 
Chief, Reliability Physics Section 
Reliability liranch 
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SECTION 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 xailures upon repeated application of the 

stress through repeated cycling.  Since these stresses are most 

critical at material interfaces, these tests have been used 

to detect bad wire bonds and die bonds, poor metallization, 

marginal package seals. The repeated application of the mechan- 

ical stresses characteristic of these tests will also cause 

propagation of cracks in brittle ma trials. 

Temperature cycling is an air-to-air test. Method 1010 

of MIL-STD-883 defines a test where the devices are alternately 

placed in a hot chamber and then a cold chamber until 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 transfer 

between chambers may be abrupt or the devices may sit at room 

temperature for 5 minutes. The temperature of the device, 

while changing rapidly, is essentially the same throughout the 

device at any instant; that is, the temperature gradients inside 

the device are very small. 
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Thermal shock as defined by Method 1011 of HIL-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 seconds.  In 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 gls.ss-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 1007o screening because of the shortened cycle 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 by thermal shock tests have the potential of causing 

excessive stress in the glass-to-metal seal areas, which can 

produce latent hermeticicy failures.  The ability of 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 race of change ci" 
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temperature. Often, however, there appears to be 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 precision. 

In March 1972, Motorola initiated a program to investi- 

gate thermomechanical testing.  This effort was sponsored by 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 between 

the effects of temperature cycling and thermal 

shock test methods to end-use conditions. 

(3) To assess the valuo of thermal shock 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 environment. 
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(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 1-1. 

Throughout 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 pin 

silicone package.  The 40-pin Vendor 12 LSI package was used with 

a 112 Gate Array, three level metallization, patterned for a 

multiplexer uni;:.  Vendor 13 LSI packages were dummies. 

1.2.2 Basic Studies 

Thermal coefficients of expansion and the glass tran- 

sition temperature of the epoxy and phenolic molding compounds 

were determined experimentally. 

The thermal mechanical dat i on the materials used in 

the fabricatior of the ceramic glass devices were obtained from 

the leterature and materials manufacture.  This data was utilized 

in performing a heat flow analysis and a thermcmechanioal stress 
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Package type/style Material 
Vendor 

Designation 
4 

Total Samples 

14 Pin Plastic dual-in-line Type 1 (A) 

Epoxy 

Vendor #1 • 216 

Vendor #3 217 

Type 2 (B.) 
Epoxy 

Vendor #2 215 

Phenolic Vendor #4 214 

18 Pin Plastic dual-in-line Silicone Vendor #14 46 

14 Pin Flat Package Metal 
Glass 

, Vendor #5 276 

Ceramic 

Solder Glass 

. Vendor #6 240 
Vendor #7 277 

14 Pin Ceramic dual-in-line Ceramic 

Solder 

Glass 

Vendor #8 342 
Vendor #9 341 
Vendor #10 339 

Ceramic, 
Metal C»p 

Vendo- #• 275 

40 Pin Ceramic dual-in-line 
LSI 

Ceramic 
Metal Base 
Metal Cap 

Vendor #12 115 

Ceramic 
Metal Rase 
Metal Cap 
Dunsuy 

Vendor #13 55 

TOTAL SAMPLE SI ZE 3.168 

Motes: 

(A) Type 1 epoxy is a Phenol Cured, Epoxy Novolac. 
(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 Motorola 

"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 thermal 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. 

The 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 shown in 

Table 1-2.  With.the exception of the tests in Matrix I,   the 

Temperature Cycling Thermal Shock Step Stress Matrix, all tesr 

cycles performed \n accordance with the applicable test methc*i 

of MIL-STD-883.  The thermal shock test was modified to 10 cycles 

per step to coircide with temperature cycling requirements.  The 

temperature cycling temperature limits were modified for plastic 

packages because at temperatures above 200 C the plastic material 

degrades rapidly.  Lnd-point measurements were performed after 

each step to detect electrical and package failures. 

The Multiple Cycle Temperature Cycle and Thermal Shock 

Matrix (Test Matrix II) consists of 2000 cycles minimum of thermal 

shock and temperature cycling, as defined in MIL-STD-883 Metaou 

1011 and 1010 at levels shown.  Test cells were truncated after 

greater than 6C% of the sample had failed.  End-point measurements 

were made periodically to detect electrical and package failures. 
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The purpose of this matrix was to determine the differences, if 

any, in failure modes and failure distributions. 

The Thermal Shock Temperature Cycle Inter-action Matrix 

(Matrix 3) was designed tc detect any latent defects which might 

be induced by thermal shock when used as a IOC*/' screen.  The 

devices were preconditioned by subjecting them to 15 cycles of 

thermal shock per Method 1011, MIL-STD-883, at the levels shown, 

and then subjecting the devices to extended temperature cycling. 

Er.c-point measurements were made after thermal shock and at 

intervals during the extended temperature cycling to detect 

electrical and package failures. 

The Wirebond 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 bonds. 

Devices were subjected to temperature cycling and thermal shock 

as shown in Table 1-2.  End-point measurements in both tests were 

performed at 30, 60, 120, 510, 1020 cycles.  Two units and the 

five units of the control group were decapped and all undamaged 

wires were pul^ad.  Breaking force and failure mode were recorded 

for each wire. 

The Seal strength Degradation Test was performed to 

determine if tie glass seal of the Cerdip package would be di •r.uVv 

by subjecting the device to thermal shock at Test Condition /. 

of Method 1011, MIL-STD-383.  End-point measurements were performed 

at 15, 45, 90. 495 and 1005 cycles.  At each end point 10 devices 

were removed from the test lot.  These devices plus a 15-piece 

correlation sample were subjected to a torque stress in ehe .seal 

area.  The value of torque required to fracture the package was 

recorded lor each broken device. 
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End-point measurements for the foregoing stress tests 

consisted of DC and functional tests at 25°C, continuity tests at 

temperature extremes and, in the case of the 14 pin plastics, a 

Monitored Temperature Cycle Test over the temperature range of 

-65 C to 150 C. All hermetic packages were sutjected to seal tests 

per MIL-STD-883, Method 1014, Test Conditions A and C. 

All confirmed failures were analyzed 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 distribution* 

usually used in analysis. For that reason the results of the tests 

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 matrix and the data presentation employed 

are discussed in the body of this report. 

1-9 



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-ver.dor 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 

Vender I.  Interaction 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 2 5°C 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 small and strong and retain their 

hermewicity through the toughest environments.  They did experi- 

ence slight]y more bond failures throughout the extended thermal 

cycling than did the best plastic, but fewer than the ceramic 

dual-in-line samples.  In the Interaction Matrix, Vendor 7 had a 

perfect record, with Vendor 5, a rcetal flat, next, and Vendor 6. 

with noticeably poorer performance than 5 or 7. 
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The ceramic Hual-in-line package style gave intermediate - 

to-poor performance results, experiencing much greater hermeticity 

failure and bond failur.es throughout 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 wirubond failure within the first few thousand 

cycles.  The failure distribution appears to be "wearout".  The 

failure mode is "open at 25°C" due to wireflex failure. 

Thermal shock, 0 - 100 C can cause progressive weakening 

of the sealing glass, as shown by the torque test results, and 

temperature cycling does cause a degradation in wirebor^d strength 

as well as the number of wireflex failures. 

The heat flow study 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 the 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 

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 C 

vs -145°C). 

(4) Thermal cycling plastic above its glass transition 

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. 

(6) There are significant differences in thermal cycling 

performance due to differences in epoxy.  Type 1 

epoxy performed better than Type 2. 

(7) Various distributions of the failures were found. 

No one failure distribution appears tc be predominant 

(8) Thermal cycled plastic devices fail as intermittents 

and hard opens. Those that failed for intermittent 

operation would eventually fail as hard opens alter 

additional cycling. The failure mode was pre- 

dominantly grain boundry fracture and intergranular 

fracture. 
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(9) 3000 thermal cycles was not far enough to generate 

5G% failures on several samples. The sample sizes 

were too small to allow meaningful extraoolation. 

(10) 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 rather 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. 

(11) Thermal shock (10 cycles) preconditioning did not 

influence the subsequent long-term temperature 

cycling performance but there was a significant 

temperature cycles-vs-vendors interaction as well 

as a vendor-to-vendor difference. 

(12) 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. 

(13) In liquid-to-liquid thermal shock, 5-minute dwell 

time at each extreme is adequate for plastic packages 

to reach equilibrium temperature. 

3.2 CERAMIC DUAL-IN-LINE PACKAGES 

(1)  The media study confirmed that ethylene glycol attacks 

the seal glass used in the fabrication of dual-in-line 
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; ceramic packages.  Type 1 glass suffered more 

chemical attack than did Type 2 glass. 

(2) In liquid-to-liquid thermal shock, 5-minute soak 

time at each temperature extreme is adequate for 

these packages to reach thermal equilibrium. 

(3) The computer 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. 

(4) 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. 

(5) 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 wheraas 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). 

(6) Dual-in-line ceramics suffered much greater hermeticity 

reject rates than did ceramic flat packages when 

thermal cycled. 

(7) A strong vendor-to-vendor difference was noted in 

nearly all test sequences.  Vendor 9 had the strongest 

Cerdip but weakest bonding.  Vendor 8 did poorly 

overall; Vendor 10 had a weak package but good wire- 

bonding. 
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(8) Temperature cycling affects wireboruls and bond 

strength much more than does thermal shock, 

(9) Wirebond strength is affected by prolonged thermal 

cycling, especially Method 1010, Condition C, 

temperature cycling.  The bond strength starts to 

degrade from the start and continues fairly linearly 

with either log (cycles) or log (time at 150°C) . 

(10) At higher stress levels, Method 1010, Condition D 

(-65 C/+200°C) some stress relaxation takes place, 

improving the failure rate over that of Condition C. 

(11) 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). 

(12) 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. 

(13) The main failure mode for these thermal cycled parts 

was break at the heel due to wire flex. 

(14) 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. 

(15) 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 

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 

with thermal shock and then given extended temperature 

cycling.  There was a significant interaction between 

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. 

Test Condition C, thermal shock, is particularly 

destructive to all Cerdip parts on hermeticity, but 

not DC electrical. 

3.3      SIDEBRAZE 

(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 catastrophicaliy.  It had the 

best hermeticity response to thermal shock of all 

the dual-in-lines. 
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(2) The wire 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 di-e.  The post bond was weak because it 

was the first bond made and because it developed 

intermetallics, which are also weak. 

(3) This package didn't appear to undergo stress relaxa- 

tion since the post bond was the weakest link and it 

did not anneal.  Therefore Condition D results are 

consistent with test Condition C results. 

(4) This package w«nt 1500 thermal cycles (offset) prior 

to onset of failure.  From that point on, it began 

failing (opens) very quickly.  507«, of the sample 

had failed by 3000 cycles. 

(5) In the interaction matrix, the sidebraze package 

(Vendor 11) with its gold-aluminum post bonds, showed 

a much higher failure rate to preconditioning 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 perf-ct record - no failures. 

(6) With improvements in wirebonding to this package, the 

sidebraze could be a very good high reliability 

package for use in thermal cycling operation 

3.4      FLAT PACKAGES 

(1)  Flat packages, both ceramic and metal, were the best 

performers throughout all test sequences. 
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(2) 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. 

(3) Stress relaxation is evident in these flat package 

groups also, with bond failures to test Condition 

• D being less than to test Condition C (Temperature 

Cycling, Method 1010). 

(4) 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. 

(5) 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. 

(6) For thermal cycling reliability, the ceramic flat 

package is best. 

3.5      LSI PACKAGE 

(1)  because of the large size of these packages, this 

i package tended to trap helium more often 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 peck- 

ages were used in the interaction matrix. 

3-/ 
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(2) Up to 200°C, these LSI packages did well on both 

temperature cycling and thermal shock step stress 

tast sequences.  Since they had a solder seal, 

stresses above 325°C caused hermeticity failures. 

(3) Due to continuous electrical readout problems with 

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. 

(4) Vendor 12 made 2000 cycle readout with 12% electrical 

failures. As with the other 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. 

3.6      GENERAL CONCLUSIONS 

(1) Temperature cycling affects wirebonds, whereas 

thermal shock affects hermeticity. 

(2) The greatest difference observed over all test 

sequences was vendor-to-vendor differences. 

(3) Hermetic parts tended to fail for break at the heel 

due to wireflex. 

(4) Plastic parts generally failed for grain boundry 

fracture above the bond due to tension on the captive 

wire by the plastic. 

(5) Thermal shock, Method 1011, Condition A. does cause 

fine leak failures even with 15 cycles.  To screen 

the entire weak distribution would require approximately 
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100 cycles, and result in a 30 to 457«, loss.  This 

test appear» to be destructive to the integrity 

of the package and should not be used as a 1007Ö 

screen. 

(6) 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 D.  There is no interaction 

between thermal shock and temperature cycling. 

(7) Differences in choice of materials and methods of 

processing can cause different response to thermal 

cycling. 

(8) Hermetic parts were approaching wearout at 4000 

temperature cycles, Method 1010, Condition C 

(-65/+150°C)•  Two plastic lots both having i.5 

mil wire went 4000 cycles 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 specification.  It is a mature device, available from 

many vendors in all packages of interest.  Tu obtain a better 

measure of the effectiveness of the chenno-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 pin dual-ir.-line 

package. Dummy packages, designated Vendor 13, were used in the 

interaction matrix to reduce costs. 

The Vendor 14 device was an 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 shown 

below. 

Franchise Distributor 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 construct ion for each of the 

Jevices used are shown in the following paragraphs. 
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4.1.1    Dual-In-Line Plastic Packages 

Five plastic packages 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, 

One sample of the five plastic packages were subjected 

to X-ray to shew the details of lead frame and mounting bar design 

Figure 4-1 shovs the X-ray photograph of the packages from vendors 

1, 2, 3, 4 and 14.  As shown in ths figure, each vendor uses an 

isolated die bond flag.  Figures 4-2 through 4-5, SEM micro- 

photographs of samples of Vendors 1.2,3 and 14, show internal 

construction derail.  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 gold eutectic type.  From the amount of material 

in the filled area on the Vendor 14 cii, it is deduced that Vendor 

14 uses a gold preform in the die bond process. 

As shown in Figure 4-1, the lead frame geometry of 

Vendors 1 and £ are identical.  Vendor 4 uses a silastic die coat. 

Figure 4-6 pictures a Vender 4 device in cross section showing 

the geometry of the silastic die coat in relation to the die and 

lead frame.  Other tnan the differences in bonding techniques and 

wire size, the geometries of the internal wires do not vary signi- 

ficantly among Vendors 1,2, 3 and 4.  The minor differences shown 

in Figures 4-2, 4-3, 4-4 and 4-5 are typical of what was observed 

in the analysis of the failures generated by the test program, 

and as will be shown in later sections, wire dress had no bearing 

on the ability of these devices to withstand the stresses of ehe 

environment. 
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Figure 4-1. X-Ray of Plastic Dual-In-Line Package 
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Figure 4-2. SEM Microphotograph.  Vendor 1 Wire and Lead 
Frame Assembly After Partial Chemical Removal 
of Encapsulant. 

Figure 4-3. SEM Photograph.  Vendor 2 Device Wire and Lead 
Frame Assembly after Partial Chemical Removal 
of Kncapsulant. 
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Figure 4-4.  Si::: i'i.. ' .,,- ^ 
Vendor 3 hevii c Un and Lead 
tvi Chemical lU-i i '   of Kncapsulant 
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I3.5X 

4-6(A) 

48 X 

4-6(B) 

Figure  4-6.     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 prograr.  They 

represent the three :aost popular case outlines in the 14 pin con- 

figuration.  The case outlines designations and material and 

construction characteristics are shown in Table IV-2. 

The Vendor 5 package is a metal glass package having a 

Kovar body and cap with glass seals between the leads and body. 

Final sealing is achieved by welding the cap to the body or base. 

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 is selectively glazed with a cr\jtallizing 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 depending 

on the type of glass used.  The time of exposure at this temperature 

is short so that little, if any, devitrification (crystallization) 

of the glass occurs.  After wire bonding, the cap is placed on the 

base and lead frame and the entire assembly is rapidly heated to 

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), forming 

the lead and final seal at the same time.  Each of the foregoing 

steps must be precisely controlled to assure the correct properties 

of the glass.  This is the same process used to seal the ceramic 

glass dual-in-line package. 
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The solder glasses are based or. lead oxide (PbP) . 

Various materials are added to control 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 types of 

solder glasses found 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 S, 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 fabiicate these packages. 

The ceramic glass packages are assembled in the same manner as 

the ceramic flat packages.  Keating rates and times may be adjusted 

slightly to account for the larger 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 leadt> 

through the package and the die mounting area is placed on a thin 

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.  Then both halves are fuzed together, 

forming a seal around the lead pattern. 

The lead pattern is extended to the edge of the package. 

The external package leads or pins are brazed to the edge of the 
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Silica (Si09) 
Mixed OxideB (AI2O3, F< 

4.62 
s?03, etc.) 1.91 

Calcia (CaO) 0.00 
Magnesia (MgO) 0.00 
Baria (BaO) 0.00 
Soda (Na?0) 
Potassa (KoO) 
Sulfate (SO3) 

0.08 
0.00 
0.00 

Fluoride (F2) 0.00 
Boron Oxide (B2O3) 9.73 
Zinc Oxide (ZnO) 15.10 
Lead Oxide (PbO) 68.36 
Titanium Oxide (Ti02) 0.13 
Lithium Oxide (Li20) 0.15 

TOTAL 100.08 

TABLE IV-3 

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

Silica (Si02) 4.06 
Alumina (AI2O3) 2.86 
Iron Oxide (Fe203) 0.002 
Calcia (CaO) COO 
Magnesia (MgO) 0.00 
Baria (BaO) 2.71 
Fluoride (F2) 0.00 
Titanium Oxide (Ti02) 0.040 
Vanadium Oxide (V2OO 0.00 
Lead Oxide (PbO) 65.56 
Boron Oxide (B2O3) 8.83 
Zinc Oxide (ZnO) 8.8C 
Zirconium Oxide (Zr02) 7.02 

TOTAL 99.88 

TABLE 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 11 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 eutectic braze 

at 325°C. 

4.1.4    LSI Package 

The 40 pin LSI package chosen for this program is a 

ceramic filled glass package featuring a Kovar base plate and top 

plate, both ot which extend the full length and width of the 

package.  Figure 4-7 shows the completed package.  The package 

is constructed by laying up in a proper fixture the base plate, 

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

pares are oxidized no 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 frame 

tip which forms the wire bonding posts are exposed and supported 

by the bottom layer of glass.  The assembly is then fired at 1100 C 

to 1200°C to fuse the parts together.  After firing, the metal 

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 silicon 

eutectic bond or a solder preform.  The Kovar lid is brazed to 

the top of the package with a gold tin eutectic. 
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figure 4-7.  Dual-In-Line LSI Package 
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4.1.5    End-Point Measurements 

The tests and measurements to which all samplas 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 possibility 

of healing an open bond by arc over was minimized.  After threshold 

testing, the DC parameters were measured.  These measurements 

included all specified parameters for the commercial 74CC TTL KAND 

gate.  The applied sequence of input and output forcing functions 

and measurements were sufficient to assure the device was functional 

These tests were programmed on a Fairchild 4000K integrated circuit 

tester.  The continuity tests were programmed to occupy the first 

track of the tester memory disc.  This allows the use of ti'ie  4000M 

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 temperature cycle test.  This test, used on plastic dual- 

in-line pac; lges, monitors the current through all pins of the 

device as the cevice is exposed first to -65 and then 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 Vcc = 5.0C to pin 

7, the device ground pin.  Tf all internal connections are intact, 

this current flows cut the piixj under test (pins 1 through 6, and 

8 through 14).  This current, on the order of 100 microamperes, 

is sufficient to saturate each Ql hold in each Q2 cutoff.  This 

impresses 4 volts to each input of the 13 input positive NAND gate 

formed by the MC1803P and the 5 expander diodes holding pin 8 of 

the MC1803P low, which extinguishes the LED indicator.  If any pin 

opens, the corresponding Q2 transistor goes into saturation, 

forcing pin 8 of the 1803P high, turning the LED on.  The LED 

remains on as long as any pin remains open. 

These circuits were mounted on a multilayer etched cir- 

cuit board.  These boards were plugged into a card edge connector 

on removable temperature chamber door.  The devices, under test, 

were plugged into test sockets mounted on a s;;ali etched circuit 

board which plugged into a card edge connector on the inside of 

the oven door.  Devices are temperature cycled by changing the ove: 

door from the cold chamber to the hot chamber.  The test operator 

observes the LEDS during the temperature cycle1 and records those 

which come on momentarily during the cycle arc those that are or. 

as the devices stabilize at ISO^C.  In this way, we were able to 

differentiate window in terir.it tents , i.e., those units which, show 

open wire bonds over a snail portion of the cycle, from those 

devices which remain open circuited at 150°C (or -65°C) . 

The minimum response time of the system is dependent or. 

the visual response of the operator, which is in the range of 0.1 

to 0.01 second.  Since the maximum rate of change of temperature 

was on the order of 1 degree per second, the minimum temperature 

window we couid have detected was less than 1 degree. 
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Figure 4-8.  Thermal Intermlttant Test Circuit Schematic 

4-19 

- 



The DC electrical parameters of the bipolar 112 Gate 

Array (see Table IV-7) were measured on a proprietaiy LSI tester. 

Pass-fail criteria for input and output parameters were essentially 

the same as commercial TTL logic limits adjusted to account for 

fanout leading.  Initial parameter limits were used throughour the 

program. Since the circuit used was a multichannel multiplexer, 

this device was functionally tested in the process of setting the 

output states during parameter measurement.  These measuiements 

were taken at 0°C, 25°C and 70°C at each readout. 

DC parameter measurements on the 1103 P-MOS Random 

Access Memory were performed in accordance with the commercial 

specification 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 substrate 

and protective diodes are forward biased and the current is sensed 

at every pin. The temperature extremes were established by immers- 

ing the device under test in a "florinert" bath maintained at ;he 

specified temperature (-55°C and 125°C). 

Functional testing was performed after DC parameter 

and continuity testing to detect any static electrical discharge 

damage induced by handling.  Maximum rate of change of temperature 

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

window of intermittent contact we would have detected is less than 

1 degree Celcius. 

All electrical rejects were verified by retest and curve 

tracer analysis as applicable.  Since the dominant failure mode* 

of plastic encapsulated integrated circuits in the thermal cycling 

4-20 



environment has been intermittent open and open circuit failures 

caused by fracture of the internal lead wires and wire bonds, all 

thermal intermittent failures were left on test until 25°C fail/ire«; 

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, Method 1014, Condition A 

for fine leaks and Condition C for gross leaks, initially and at 
-8 

every readout.  The limit for fine leak was 5 x 10  atm-cc/sec 

helium. The relative leak rate was recorded for all rejects. 

Indicated fine leak rejects were allowed to remain on test.  In- 

dicated gross leak rejects were removed and subjected to -red dye 

verification.  The procedure for this is found in Appendix I. 

4.2 PLASTIC THERMAL EXPANSION CHARACTERISTICS 

4.2.1 Discussion 

: 

The ability of a plastic encapsulated device to vithstar. 

temperature cycling and thermal shock is directly relateo to the 

thermal expansion coefficient over the temperatures of interest. 

The thermal expansion coefficient is not constant with temperature 

It increases with temperature ir.onotonically 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 trans;Lie:. 

temperature (T,) of the material.  These changes in secondary 

thermodynamic properties are indicative of changes of material ... 

the molecular level. 
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In addition, composite metal/plastic structures ar.c 

almost all fiber filled molding compounds exhibit anisotropic 

thermal expansion characteristics.  In general, the coefficient 

of thermal expansion is smaller in the direction of material 

flow during molding than is the coefficient of expansion in a 

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 orientatioi. of the lead frame with respect to the axis of 

measurement,  '-his latter factor would be the primary cause of 

£*.iistropic thermal expansion in silica filled molding compounds, 

the silica filler being generally in the form of small spheroids. 

Expansion measurements were taken in three orthogonal directions 

on each package tu determine if any TEC differences existed due 

to filler orientation or molding conditions. 

A.2.2    Theory of Measurement 

Thermal expansion of the polymer materials used to 

encapsulate IC' s can be determined by placing a piece of  the pelyr.er 

of known dimension in a thermomeehanieal analyzer (ITA) arc 

measuring its change in length (£L) as a function of temperature 

(T).  Thermal expansion coefficient (TEC) is determined fror the 

slope of the AL-T plot using the following mathematical relationship 

ILL   L    ST   ~L~   37 (i) 
o o 

L = initial specimen height at room temperature 

L = specimen heiguc at T 

;.L - L - L 
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: 

Equation (1) is a definition of expansion coefficient which has 

the units: mm expanded per rain of original length per degree. 

L is measured before subjecting the polymer specimen 

to testing, and the temperature and rate» of heating are controlled 

by conditions set up on the TMA. The problem then becomes one 

of determining 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 "Dupont 

900" Thermal Analyzer with a Dupont 941 Thermal Mechanical Analyzer 

(TMA).  This instrument monitors the movement of a probe placed 

against the sample 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 IOC grams. 

Motorola's experience in testing the thermoset polymers used for 

encapsulating integrated circuits has shown that varying the loading 

on the specimen from 1 to 20 grams on a 0.635MM (0.C25 inch) diam- 

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 10 Newtons per square meter (approx 90 psi) which is less 

than 0.5 percent of the compressive strength of the molding com- 

pound used.  A load of 5 grams was chosen for the TEC measurements 

in this program.  This load gives an average compressive stress 

at the probe contact of 1.55 x 10 Newtons per square meter (approx- 

imately 22.5 psi).  This reduces the error in measurements due to 

deformation and creep in the specimen at the elevated temperatur. 

to essentially zero. 
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Specimen heating rate must be established and controlled 

as the accuracy of the results depend on temperature uniformity 

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 of 

the material, particularly at temperatures above the glass tran- 

sition, may produce erroneous results as well as consume an 

excessive amount of time.  The specimen heating rate in the Dupont 

Thermo Mechanical Analyzer can be controlled accurately over the 

range of 2.5 C/min to 50 C/min.  Experience in testing a large 

number of polymeric materials is thct the errors ir. 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, T can be estimated 

from a plot (Graph) of change in length vs tem.peiatv.re or thermal 

expansion coefficient vs temperature.  In either case, the value 

is determined by extrapolating best fit straigh': lines to the 

curve above and below the breakpoint or knee of the curve until 

they intersect.  The point of intersection defines the estimate 

of T .  Figure 4-9 shows this construction on a hypothetical 
© 

thermal expansion coefficient - temperature curve. 

4.2.3 Experimental Procedure 

Thermal expansion coefficient measurements were made on 

specimens from five 14 pin plastic dual-in-line packages of the 

vendor types shown below. 
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Figure 4-9 Determination of Glass Transition Temperatur^ 
from Thermal Expansion Coefficient vs Temperatur 
Plot 
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Vendor Number Resin Type 

1 Epoxy Type 1 

2 Epoxy Type 2 

3 Epoxy Type 1 

4 Phenolic 

A specimen was prepared from each device (five specimens 

per vendor) by sawing a block from one end of the package as shown 

in Figure 4-10. Each 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 in) 

Load 5 grams 

Heating Rate 20°C/min. 

Atmosphere Dry N2 

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 specimen.  After reaching 

245 C, the specimen is cooled to -80°C and the second run then 

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   .  The TEC 

is determined as a function of temperature from -70 to 240 C. 

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

4-14 from -50 C to 200 C.  Each point is an average of five separate 

measurements. 
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3)LEAD FRAME 
SEGMENTS 

DIE   MOUNT 
SEGMENT 

(3)LEAD  FRAME 
SEGMENTS 

6. 35nr>m 
(0.25") 

(3)LEAD   FRAME   STUBS 

Position 1 

Position 2 

Position 3 

Perpendicular to the lead frame 

Parallel to the long axis of the package 

Perpendicular to positions 1 and 2 

Figure 4-10.  Orientation of Expansion Measurements with Respect 
to IC Package Geometry 
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4.2.H    Results 

Examination of Figures 4-11 through 4-14 show some small 

difference in the TEC for each 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 expansion curves show 

them to be identical.  This is not surprising since Type 1 molding 

resin is used for both parts.  Vendor 4 phenolic has the lowest 

thermal expansion coefficient.  Vendor 2 type 2 devices have a 

higher thermal expansion coefficient than the others. 

Expansion coefficients for epoxies increase as the temp- 

erature rises.  The point at which this increase becomes rapid is 

the glass transition temperature (T ). Estimated values for each 

package system are given below: 

System T  <°C) 

Vendor 1 Type 1 Epcxy 1:0 

Vendor 3 Type 1 Epoxy 150 

Vendor 2 Type 2 Epoxy 100-120 

Vendor 4 Phenolic 180-200 

Differences in the orthogonal TEC measurements are attri- 

buted to differences in lead-frame orientation.  These differences, 

while small, are real and become larger above the glass transition 

temperature. 

i 
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Vender 1 and Vendor 3 Type 1 epoxy units have identical 

TEC-temperature curves which are the result of using similar 

molding compounds.  Lead frime 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 mechanical aspects. 

The analysis was concentrated on a 14 lead ceramic dual-in-line 

package since this package is the most susceptible to thermal 

shock stresses.  Stress levels near the package leads were pre- 

dicted for typical cool-down and warm-up thermal shock conditions. 

Basically, the results indicated that the maximum stress levels 

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 woulJ be very close to 

its allowable limit (5000 psi g 25°C). 

4.3.1    Thermal Analysis 

During the cold and hot temperature shock tests required 

by MIL-STD-883, the microelectronics package is subject to severe 

temperature extremes (i.e., -65°C to +150°C).  These sudden temp- 

erature changes produce stress levels in the package that ray cause 

degradation or catastrophic failure of the lead/glass seal inter- 

<• face. To predict these stress levels, it is necessary to know the 

thermal gradients throughout the package as a function of time. A 

detailed computer thermal analysis was made to determine transient 
A temperature profiles for both a sudden warm-up and cool-down of L 

typical 14 lead ceramic dual-in-line package (CDIP). 
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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). Because 

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: 

LAYER NO. HA1ERIAL DEPTH .Inches) 

1 Ceramic C to .025 

2 Ceramic .025 to .050 

3 Glass .050 to .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   .160 

Each layer, with the exception of layer No. 4, contained 

at least seventy-five 0.025 in. vide 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 the nodal model, the intra-nodel thermal resistances ana 

the thermal capacitance (Wcp) for each node were determined.  In 

order to calculate these values, the thermophysical properties of 

the various materials must be known. The material properties that 

were used are listed in Table IV-8. 
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TABLE IV-8 Material Properties for Thermal Analysis 

Material Density 

Lb/Ft3 

Specific Thermal 
Heat Conductivity 

BTU/Lb-°F BTU/Hr-Ft-°F 

0.20 11.0 

0.03 0.33 

0.11 10.0 

0.105 36.0 

0.18 80.0 

0.30 0.64 

Ceramic (A1203) 235 

Glass Type 1 374 

Lead Frame (Alloy 42) 510 

*Lead Frame (Alloy 200) 555 

Silicon 145 

Plastic (Phenall 8700) 110 

*Used with plastic package. 

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 

steady-state problem was run for the ceramic package to verify the 

adequacy of the thermal model.  The results agreed with past experi- 

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 

During 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. 

Boiling occurs the instant the DIP is submerged in the bath.  The 

boiling heat transfer rate is a function of the temperature difference 

between the surface temperature of the DIP and the liquid's saturation 
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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 boiling 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 transfer coefficient ranges from 10 BTU/Hr-Ft -F to 

25 BTU/Hr-Ft -F in the free convection region and increases to 

approximately 9000 BTU/Hr-Ft -F in the boiling region.  It should 

be mentioned that the free convection coefficients are determined 

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

involved for these calculations are straightforward and can be four..; 

in most heat transfer text books. 

4.3.1.3  Computer Analysis and Results 

The first problem that was run on the computer was the 

cool-down of a 150 C ceramic DIP when plunged into a -65 C methyl 

alcohol bath.  After completing the ceramic DIP run, the properties 

and 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 through the center and near pin 7, 

respectively, of the ceramic DIP.  Note that the cool-dovn response 
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near pin 7 is much more rapid than near the center of.  the 

package. Figure 4-17 also indicates that gradients of up to 

50°C occur in the ceramic DIP within 20 milliseconds. 

After completing the cold-shock analyses, the warm-up 

problem was investigated. The hot thermal shock occurs when a 

DIP is suddenly immersed in a 150 C oil bath after a cold soak 

at -65°C. The hot bath used was UCON OIL 50 HB280X, a poly 

alkylene glycol.  Thermal properties for this oil can be found in 

Reference 3.  Figures 4-18 and 4-19 show the thermal gradients in 

the ceramic DIP during warm-up at sections taken through the center 

and near pin 7, respectively.  It can be seen in Figures 4-18 and 

4-19 that the warm-up response of the package in oil is much less 

rapid than the cool-down in the methyl alcohol. This is what one 

would expect since the boiling heat transfer coefficients in 

methyl alcohol are significantly larger than the convection heat 

transfer coefficients in the oil.  Note, however, that gradients 

of up to about 60 C occur between pin 7 and the glass seal near 

the edge of the package. 

4.3.1.4  Discussion of Results 

Both the cool-down and warm-up transient temperature 

response data was supplied as input data for the computer stress 

analysis of the package.  However, prior to discussing the stress 

analysis, it is appropriate to make some additional comments con- 

cerning the thennal analysis.  First, it was very difficult to 

obtain therroophysical properties of the Type 1 glass.  The manu- 

facurer indicated that the specific heat of the glass, as noted 

in Table IV-8 was 0.03 BTU/lb-°F.  This value is highly suspect 
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since conflicting data from another source indicates that this 

value should be about 0.2 BTU/lb-°F. The higher specific heat 

value would tend to make the gradients between the glass and the 

lead frame less than indicated in the present analysis. Secondly, 

the nodal division used for the model may not be small enough to 

"sense" the temperature gradients near the outer surface of the 

package. Hand calculations based on the infinite slab assumption 

indicate that the thermal gradients can be as large as 45 C through 

the first 10 mils of the package after 6 milliseconds of submersion 

in the cold bath. This would undoubtedly increase the stress levels 

at the lead/glass interface near the surface of the pins. Finally, 

it was assumed that no voids existed in the thermal model. Voids 

could have several effects.  If the void were between a surface 

node and an interior node, the node near the surface would change 

temperature more rapidly than it should. This in essence means 

that a larger gradient would occur than was indicated by the thermal 

analyses. 

Most of the above mentioned "problems" tend to produce 

results that will make the stresses more severe. However, these 

points may indicate that the analysis is in the "ballpark" if the 

computer stress analysis produces results that are near the stress 

limits of the materials. 

4.3.2    Mechanical Analysis 

A mechanical structural analysis of the ceramic, 14 lead 

dual-in-line package was proposed. With the resulting temperature 

profiles and gradients from the thermal analysis as input, the 

predicted stress levels in the package were to be computed.  These 

results would then be evaluated in comparison with the material 

allowable strengths to determine if failures could be expected. 
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The package was ultimately modeled in the local area 

of lead 7 and consisted of 81 "cube" elements making up i"x*e 

layers of materials. The materials were Type 1 glass, Alloy 42 

lead material, and alumina ceramic. 

With the use of Mechanics Research Inc. STARDYNE 

structural/dynamic system, the stress levels vere predicted for 

three load cases: 

(1) Steady state cool-dcwn from 400°C to -65°C. 

(2) A run considering temperature gradients in the 

package after being immersed in an alcohol bath 

at -65 C, following a .stabilizing soak at 150 C. 

(3) Temperature gradients in the package after being 

immersed in oil at 150 C, following a stabilizing 

soak at -65°C. 

The results of the analyses show a maximum stress condition 

during the steady state cool-down from 400 C to -65 C.  T 3 maximum 

stresses occurring in the glass were greater than 4000 psi in tension. 

Comparing with a room temperature strength value of 5000 psi in 

tension yields the qualitative observation that a trend is established 

for a possible failure in the glass. 

4.3.2.1  Procedure 

The ceramic, 14 lead dual-in-line package was modeled 

structurally with hexahedron ('cube") finite elements while taking 

into account the package's inherent quarter symmetry.  Figure 4-20 

shows the package configuration used in the model.  The model con- 

sisted of 646 "cube" elements which made up five layers of materials. 
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The two outer layers were alumina ceramic, the two layers surround- 

ing the middle layer were Type 1 glass, and the center layer con- 

sisted of glass and Alloy 42 lead material. 

Because of the large number of degrees-of-freedom re- 

quired for the 646 element model, and since several load cases 

would be required for a reasonable analysis, the decision was made 

to re-evaluate the original model. Following evaluation of the 

temperature profiles in the package and information from actual 

package test data, the model was reduced in size to the local area 

of lead number 7. Figure 4-21 illustrates the portion of the 

package which was modeled.  As with the original model, the revised 

model consisted of the same five layers of the same three materials 

Figure 4-22 shows the finite element model consisting of 81 "cubes" 

The figure also shows the numbering schemes used for the elements. 

The revised geometry and temperature data obtained from 

the thermal analysis discussed in section 4.3.1 were used as input 

data for three static load cases. The cases were run using the 

Mechanics Research Inc.'s STARDYNE computer program.  STARDYNE is 

a general-purpose finite element computer program which can be used 

to evaluate a wide variety of static and dynamics problems.  It 

offers several three-dimensional elements of which the hexahedron 

is one. This particular element has the following built in 

assumptions: 

(1) The element is linear, homogenous, elastic, and 

isotropic. 

(2) Th« element undergoes small deformations 

(3) The element has non-zero volume. 

(4) The displacement of the element is restricted to 

three translations at each node. 

(5) The element requires eight: nodes for representing 

the cube shape. 
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For the three materials making up the model, the following values 

for the material properties were assumed: 

GLASS      ALLOY 42     ALTJMINA 

Elastic Modulus, psi  7.34 x 106   22 x 106     48 x 106 

Poisson's Ratio        .294        .29 .28 

Coefficient of Thermal        A A A 
Expansion,/°C      7.7 x 10"°   6.8 x 10"°   7.1 x 10 

The three cases considered for the study were: 

(1) Steady state cool-down from 400°C to -65°C. 

(2) A run considering the temperature gradients through 

the package at 0.029 seconds after being immersed 

in a -65 C alcohol bath. The package was pre- 

viously soaked at 150 C prior to immersion in the 

alcohol. 

(3) A run considering temperature gradients 0.678 

second after having been immersed in a 150°C oil 

bath. The soak temperature for this case was -65°C. 

In all three cases, a stress-free temperature state was taken to be 

400 C. This temperature is based upon the assumption that during 

the cool-down stage of the assembly process of the package, the 

glass has solidified sufficiently at 400°C to begin a build up of 

residual stresses in the materials.. The particular chosen times 

were based upon an examination of graphs of temperatures at various 

locations within the package versus time. The two subject times 

were judged to be representative of the maximum temperature gradients 

throughout the package. 
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For the temperature gradient cases (case 2 and 3), the 

temperatures at various locations in the package were obtained 

from the temperature profiles computed during the thermal analysis 

discussed previously.  Because the thermal element requires less 

than one-tr-nth the number of degrees of freedom that a corresponding 

mechanical finite element requires, a much finer element breakdown 

was possible with the thermal model.  Thus, the temperatures used 

for many of the elements were obtained by averaging several temp- 

eratures within the element in question. The temperatures used 

in the two temperature gradient cases are shown in Tables IV-9 

and IV-10. 

4.3.2.2  Results 

An examination of the results of the computer runs for 

the three static load cases shows a maximum stress condition occurs 

during the steady state cool-down environment with the case 3 

temperature gradient (warm-up) environment running a close second. 

For the three load conditions, the following table shows the maximum 

stress and its corresponding material. The plus (+) and minus (-) 

signs indicate tensile and compressive stresses, respectively. 

CASE 1 

Thermal Cool-Down 
400°C to -650C 

Material  Stress,psi 

CASE 2 

At Peak Temp. Gradient 
-650C Bath 

Material   Stress,psi 

CASE 

At Peak Temp Gradient 
150OC Bath 

Material  Stress,psi 

Glass 

Alloy 42 

+4330 
•7940 

Ceramic 
Alloy 42 

+2110 

-6580 

Glass 

Alloy 42 

+3780 

-7990 

For the glass, the maximum stresses occur in 'cubes" 39, 67, and 

19 for cases 1, 2, and 3, respectively. 
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TABLE IV-9 ELEMENT TEMPERATURES 

AT MAXIMUM TEMPERATURE 

GRADIENT IN  -65°C BATH.     CASE 2 

ELEMENT TEMPERATURE,  °C ELEMENT TEMPERATURE,  °C 

1 135.7 42             ! 129.0 
1 2 43 129.0 

3 44 129.6 
' 4 45 142.6 
I 5 13! .7 46 148 .0 

* 6 
7 
8 

US >.2 47 
48 
49 

9 50 148.0 
10 51 130.5 
11 52 
12 
13 
14 

53 
54 
55 

15 119.2 56 
16 14* .7 57 
17 
18 

58 
59 

19              [ 60 130.5 
20 148.7 61 131.5 
21 131.0 62 
22 63 
23 64 ' 24 65 131.5 
25 66 115.5 
26 67 i 

27 68 
28 69 , 
29 70 , 

l 
30 131.0 71 

' 31 149.6 72 
f 32 149.0 73 • 

I 33 149.0 74 
34 149.0 75 115.5 

, 35 149.5 76 100.6 
36 142.6 77 
37 141.8 78 
38 139.8 79 
39 141.8 80 

4 40 
41 

142.6 
142.6 

81 100.6 

i 
• I 
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As a comparative example of the stresses at a particular 

location in the model, "cube" 29 was chosen. The following table 

depicts the stresses for each of the three load cases: 

CASE STRESS, psi 

1 -  Steady state cool-down +4330 

2 -  Cool-down from 150°C +2000 

3 -  Warm-up from -65°C +2500 

For comparison, the following table lists the allowable 

strengths for the three materials which make up the package. 

Lacking data for the materials at 150°C or -65 C, the values shown 

are for room temperature. 

MATERIAL ALLOWABLE STRENGTH, psi 

Type 1 Glass 5,000 (Tensile) 

Alloy 42 68,000 (Tensile) 

Alumina 26,000 (Tensile) 
300,000 (Compressive) 

It is seen that the glass is the only material which apparently 

is stressed near its allowable strength.  While this observation 

is more qualitative than quantitative, the trend is established 

for the glass material as the weak link in the package. 

are: 

Areas which might affect the accuracy of these results 

(1) Fineness of the structural model. An investiga- 

tion of the stability of the solution versus 

the number of finite elements used for a given 

model would have been advantageous but most probably 

very costly. 
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(2) The temperature gradients chosen.  Based upon 

data from initial computer runs, one particular 

time was chosen for cases 2 and 3. Perhaps 

temperature gradients over a short distance or at 

the surface could contribute to high stresses. 

This ties in with the fineness of the structural 

model. 

(3) Inherent in the package are re-entrant corners 

a? the interface of the leads and the glass which 

encases it. These are areas of stress concentra- 

tions which are difficult to account for. 

(4) Material properties.  Since the computer program 

will handle only static load cases, the naterial 

properties chosen were taken to be constant for 

a given base temperature. The fact that the 

actual test conditions for the package entail 

transient conditions most probably affects the 

accuracy of the modeled results. 

4.3.2.3  Conclusions 

The results indicate that failure of the dual-in-line 

ceramic package would most likely occur either: 

(1) during heating from -65°C due to thermal gradients 

which create stress in the glass additive cc the 
I      I o. internal stress at -65 C, or 

o. (2) at thermal equilibrium at -65 C due to the residual 

stresses at that temperature. 

4-54 



4.4      HEAT FLOW AND THERMAL SHOCK FLUID COMPATIBILITY STUDIES 

The experiments discussed in this section were designed 

to provide information in two areas:  (1) Is the thermal shock 

cycle, defined in MIL-STD-883, Method 1011, adequate to achieve 

temperature stabilization at each extreme for all packages at 

the standard test levels?  (2) Are the fluids popularly used com- 

patible with the materials of the packages used in integrated 

circuit production? That is, do these fluids chemically attack 

the glass or metal parts of the package? 

4.4.1    Heat Flow Studies 

To determine the rate of change of temperature of the 

integrated circuit die during the thermal shock cycle, the 

voltage drop of the substrate isolation diode was monitored on 

an X-Y recorder as the device was transferred from one bath to 

the other.  To establish this voltage, a constant current on the 

order of 100 microamperes was injected into the ground pin of the 

device under test and the circuit returned through the Vcc or 

power supply pin. 

The packages studied included the 14 pin flat packages; 

14 pin dual-in-line, ceramic and plastic; and the 40 pin dual- 

in-line LSI package.  Fluids studied were water, methonol and dry 

ice mixture (-65°C bath), poly alkylene glycol, and the "flourinercs.' 

The results of the study indicate, for the baths and 

packages tested, the currently specified 5 minutes dwell at each 

temperature extreme is adequate to stabilize the temperature 

throughout all packages.  The LSI package was, of course, the 
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slowest to reach thermal equilibrium with the bath, stabilizing 

in approximately three minutes in ice water after being transferred 

from boiling water (Test Level A).  This particular sequence 

proved to give the longest stabilization time for all packages. 

Comparison of the measured rate of cool-down from 

150°C to -65°C, in methanol and dry ice mixture, to that which 

was predicted by the thermal analysis showed that the cooling 

rates established by the computer analysis were conservative. 

The curve in Figure 4-16 shows cool-down to approximately 78 C 

in 2.5 seconds, whereas measurements determined that this temp- 

erature was reached in less than 1 second.  The main source of 

difference is most likely to be due to the agitation of the bath 

when the devices are plunged into it.  (The computer analysis 

assumed boiling, cooling, and free convection.) 

The data generated by these experiments indicate that 

while the 5 minute dwell or method is approximately five times 

the stabilization time for 14 pin packages, these data are in- 

sufficient to suggest any change in the cycle currently defined. 

4.4.2    Fluid Compatibility Studies 

Two samples each from Vendors 6, 7, 8, 9, 10,   11, and 

13 were subjected to a high temperature soak in ethylene glycol 

and poly alkylene glycol for 400 hours in accordance with the 

conditions shown in Table IV-11 below. 

125°C    150°C  "  200°C 

Ethylene Glycol X       X 

Poly Alkylene Glycol X        X 

TABLE IV 11, High Temperature Soak Katrix 
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The samples were visually examined and subjected to 

fine and gross seal tests every 40 hours. 

The results show severe hermeticity loss in the ethy- 

lene glycol soaks. Failure of some vendors occurred at 40 hours 

and glass sealed ceramic parti had failed gross seal test by 200 

hours at 125°C, and 120 hours at 150°C. These failures appear 

to be the result of chemical attack of the sealing glass by the 

ethylene glycol. Figure 4-23, 4-24, and 4-25 show the evidence 

of chemical attack of the sealing glass. This attack was more 

apparent on Type 1 glass than or Type 2 glass. 

There was some evidence that the poly alkylene glycol 

reacted with the sealing glass to a degree.  Indicated fine leak 

failures were noted after 120 hours on some units. These failures 

were adjudged to be due to trapping helium at the surface of the 

glass. 

The sidebraze (Vendor 11) package and the LSI package 

did not suffer any confirmed gross leaks in either fluid.  Indi- 

cated fine leak failures were observed in the ethylene glycol 

soaked LSI packages after 120 hours at 150°C. The problem was 

trapping at the metal ceramic interface indicating some reaction 

in this area. 

From thij data it appears that ethylene glycol makes 

a poor fluid for thermal shock of ceramic packages. 

4.5      THERMAL CYCLING STEP STRESS MATRIX 

Step stress testing was performed to determine the 

limits of stress which can be applied to the packages tested in 
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this program. Two thermal cycling step stress sequences were 

established:  (1) A temperature cycle sf».p stress sequence in 

which the devices were subject to each level defined by MIL-STD- 

883, Method 1010, Conditions B through F. The values of T 

for the steps above, test Condition D, (-65°C to 200°C) were 

modified for plastic devices because of the high temperature 

limitations of the molding compounds. Table IV-12 shows the 

test sequence used for this test; (2) A thermal shock step stress 

sequence was established which subjects devices to increasing 

levels of thermal shock as defined in MIL-STD-883, Method 1011, 

Test Condition A thrcugh F. The test, as defined in Method 1011, 

was modified to reduce the cycles per step to 10 from the speci- 

fied 15.  End point measurements were performed after each step. 

Figure 4-26 shows the flow of samples through this test. 

In the analysis of this data, attempts to define the 

failure-stress distributions were unsuccessful due to the number 

of data points. The presentation of data has been designed to 

indicate the dominant failure modes for each package type.  Sample 

sizes for each vendor is indicated in each figure. 

4.5.1    Results on the Plastic Package 

Figure 4-27 shows the thermal cycling step stress results 

for all plastic packages. The bar charts show the accumulated 

percent failures at the end of each step. 

These charts show that the main effect of the thermal 

cycling is maximum temperature, rather than the difference between 

T-high and T-low, or rate of change of temperature. This would 

indicate that from the standpoint of package assembly strength the 
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critical reliability factors relating to plastic dual-in-line 

packages in the thermal cycling environment would be (1) temperature 

coefficient of expansion of the plastic, (2) glass transition 

temperature (T ) of the plastic, and (3) size and strength of 

the internal wire interconnect system. 

The data shows that Vendor 4 had the strongest package 

in this test, followed by Vendor 1, then 3 and 2 for the 14 pin 

devices. Vendor 14 shows weaker than Vendor 2 on temperature 

cycling, but far superior in thermal shock.  If we consider the 

thermal expansion coefficients (TEC) of the materials tested in 

Section 4.2, we find that Vendor 4 has the lowest TEC (25 ppm af 

100°C) and highest T (180°C to 200°C) followed by Vendors 1 and 

3, both with a T of 15C°C and approximately the same TEC (23 ppm 

at 100°C). 

Vendor 2 (type 2 epoxy) has a TEC of approximately 

33 ppm at 1C0°C, and a T of 100° to 120°C. 
© 

Vendor 14 (siliccne) was not included in the plastic 

thermomechanical studies.  Studies at Motorola, and other studies 

reported in the literature, indicate that the TEC of the material 

ip on the order of 30 to 50 ppm at 25°C. Although the T of the 

silicone is very high, over 250°C, the TEC at temperatures of 

200 + 225°C is approximately 10 to 207. higher (33 to 60 ppm). 

The differences in the TEC and the glass trar  cion 

temperatures (T 's) partially explains the differences in perfor- 
o 

mance of the five venodrs in the temperature cycling step stress. 
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The failures observed were caused by opens in the internal lead 

wires. Neglecting residual stresses, the stress in these wires 

during the high temperature half of the temperature cycle is a 

function of the TEC of the material at that temperature. Assuming 

equivalent wire and bond strengths, these data indicate that the 

type 2 epoxy anc. the silicone have nearly equal TEC's at 200 to 

250°C, even though the low temperature TEC's and T 's of the two 

materials are different. 

The results from Vendor 2 in both thermal cycling stresses 

indicate a double distribution.  The weak distribution generally 

failed due to lifted ball bonds at the die. The stronger, repre- 

senting wearout or excessive mechanical stress, generally failed 

by breaks at the ball and in some cases breaks at the heel of 

the post bond. The mechanisms of wire and bond fracture in 

plastics arc discussed in more detail in Sectior V. 

To explain the differences in ehe performance of Vendor 1 

and Vendor 3, we must look at the mechanisms of failure. All 

failures of Vendor 3 were wire breaks - 1 to 3 wire diameters above 

the ball. The wire appeared to have fractured along a grain 

boundary. Tvidence of large g-ain formation in the gold wire was 

observed by optical microscope and confirmed with the scanning 

electron microscope. Failures of Vendor 1 devices die not occur 

until the -65 C to 300 C step and resulted from wire fracture cue 

to the stress, which occurred when the epoxy started to disintegrate 

at the high temperature. The wire broke as a result of excessive 

tensile stress. Some intergranular fracture was evident. 

Since the molding compounds were the same, the wire size 

and bonding method must account for the difference in response in 
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this test sequence. As shown in Table IV-1, Vendor 1 uses 0.0015 

in (38.1ym) wire, while Vendor 3 uses 0.001 inch wire (25.4pm). 

This gives Vendor 1 a stronger wire bonding system. The grain 

boundry fracture phenomena is discussed in more detail in Section V, 

Failure Analysis. 

With the exception of Vendor 2, thermal shock had 

little effect on these devices.  Vendor 3 had 1 device which failed 

due to electrochemical corrosion of the aluminum bonding pad on 

the die, which is caused by moisture penetrating to the die and 

not directly related to the thermomechanical stresses. 

The greater effects found in temperature cycling are 

related to two factors:  (1) the maximum temperatures are higher, 

reaching the point where the plastic? begin to disintegrate; 

(2) the time at. temperature is greater under temperature cycling 

than the time at extreme temperature by a factor of almost 2  As 

will be shown in Section 4.8, this appears to be the dominant 

factor in wire bond degradation at a given temperature rather than 

the rate of change of temperature. 

4.5.2 Flat Package Results 

The performance of the flat packages tested in the 

thermal cycling step stress matrix tends to duplicate the results 

of the plastic package in that the temperature cycling step stress 

produced the greater number of failures.  In this case, however., 

the maximum temperature (Ti.TGh) 
vas stePPe(* ir' accordance with the 

stress levels of Method 1010, MIL-STD-883, from level B through 

level F. Level F was repeated as the sixth step to balance the 

matrix. The results of testing are plotted in Figure 4-28. 

4-67 



TEMPERATURE    CYCLE-THERMAL SHOCK    STfJ»   STRESS    LEVELS 

ACCUMULATIVE   %  FAILED 
DC   ELEC, SROSS   LEAK 

ELEC.        O GROSS LEAK (A) 

TEMPERATURE CYCLE 
STEP STRESS LEVELS 

10 CYCLES/STEP 
<B) 

THERMAL  SHOCK 
STEP STRESS   LEVELS 

10 CYCLES/STEP 

VENDOR    9 

METAL- FLAT 

VENDOR   6 

CERAMIC-FLAT 

VENDOR    7 

CERAMIC-FLAT 

ACCUM. 

100 

SO 

SO 

40 

20 

N«25 N«S9 

*•      AO - - 

A_A A   A  A   A  . 

ACCUM. 

100- 

so 

• 0 

40 

20 

N«25 N-2J 

%     ««-- 

A   A   A   A 
t* 

•O-    JL    Jl_    A.    _Q_    P3 

ACCUM. 

100« 

SO' 
% 

so 

40 

20- 

N»25 N»25 
*. 

ft, A A 
Edegggg 

1 1 i igt rSi fgi fft rft rgi 

MAX. TEMPERATURE °t 
«      o      °     o      °      ° S    g     o    3>    o    o 
-            _             W           «            «>            «1 
•        •••>•• 

0
0

2
 > 

O
S

I«
 

0
0

2
«

 

O
S

U
 

6
2

1
«

 

O
O

I 

MIN.  TEMPERATURE  *C i      S   S    S   8    S   8 
i     i     i     i     i     i •   ?  ?   ? i ? 

OELTA   *C 2   g    j   •»   5   5 
I          ?      N       <w      »       n      «i S   I  I   I   I  I 

Figure 4-28 

4-68 



I 

The Vendor 5 failures were predominately bond failures 

and shorts caused by massive intermetallic reaction which were 

detected after step 5 (-65 to 500°C). The two failures occurred 

prior to -hat step--one device after te«t condition D, which 

failed due to an oxide flaw at bonding, and one device after test 

condition E, which failed due to a fractured die bond.  These 

failures represent a typical device and are due to mechanisms 

normally activated by thermomechanical stresses. 

One failure was observed in the thermal shock step 

stress sequence.  The failure, detected after step 6 (-196° to 

200°C), was caused by a cracked die. 

Vendor 6 devices failed due to lifted post bonds at 

the condition F level temperature cycle (-65° to 500°C).  The 

lifted bonds were caused by separation of the aluminum cladding 

from the post. 

The two failures of Vendor 6 units in thermal shock 

were due to cracks forming in the seal area as a result of the 

stresses induced by the -196° to 200° thermal shock.  The units 

were subjected to a  red dye penetrant test (see Appendix I). 

One unit showed penetration of the dye *ntc the cavity of the 

device.  The other unit showed penetration of die around the 

fracture surface to an extent greater than 50% of the seal 

length. 

All of the Vendor 7 failures were gross leakers.  In 

all cases, the leakage occurred in the interface between the 

solder gla»s and the base of the package. 
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The electrical rejects were caused by lifted post bonds, 

caused by depletion of the aluminum cladding at the post.  The 

thermal shock step stress induced no failures in the Vendor 7 

units. 

4.5.3    Dual-In-Line Ceramic Package Results 

The results of the thermal cycling step stress matrix 

are shown in Figure 4-29. 

The Glass Sealed Ceramic Packages (Cerdip) show a high 

susceptibility to thermal, shock £t the -65 to 200°C level. 

Thirty-two of the seventy : /iree devices tested were damaged in 

the basket used for thermal shock or during end point measurements 

Figure 4-?0 shows the condition of the Vendor 9 units after com- 

pletion of 10 cycles of test condition D.  (The devices which 

remained intact were removed for hermetic-ty testing prior to 

taking the photograph.) 

Temperature cycling did not affect the hermeticity of 

Cerdip packages until level 1010F was reached.  Since most solder 

glasses are sealed at 475° to 500°C it is not surprising that the 

'HIGH - 500 C of Level F degrades the seal. 

The final seal of both the 14 pin metallized ceramic 

sidebr?ze package and the LSI package is made by brazing a metal 

cap to the package with a gold-tin eutectic which has a melting 

point of 325°C.  Exposure of these devices to any temperature 

above 325 C will cause the braze to reflo* , allowing the lid to 

shift on the package. Maintenance of hermeticity is a matter of 

piece parts orientation and chance. At any stress level of 1010b: 

or above, the LSI package would tend to be the first to lose 

hermeticity, because of the larger, heavier lid. 

4-70 



{ 

I 

TEMPERATURE   CYCLE-TH ERMAL   SHOCK   STEP   STRESS    LEVELS 

ACCUMULATIVE   %   FAILED 

ELLC. ZQ GROSS LEAK 

VENDOR   S 

CERCIP 

14   LEAL» 

• * % FAILED   FINE 
LEAK   OWLV 

VENDOR   9 

CERDIP 

14  LEAO 
• • % FAILEO TINS 

LEAK   ONLY 

VENDOR   !0 

CERDIP 

14   LEAD 

• • % FAILED FINE 
LEAK  ONLY 

VENDOR    II 

WHITE   DIP 

SIDE    BRAZE 

14  LEAD 

VENDOR   12 

LSI 

SCLOER SEAL   CAP 

% 

100 

• 0 

60 

40 

20 

100« 

•0 

%    «o 
40 

20 

100 

• 0 

%      €0 

40 

20 

100' 

• 0 

60 

40 

20 

%      •<>- " 

'00 

•0 

% ••• 

40 

20 

TEMPERATURE    CYCLE 
STEP   STRESS    LEVELS 

(A1 10 CYCLES/STEP 

N*25 

N«23 

A  A  A  A  A 

- •   N = i4 

A  A  A A ml 
- - U « 23 

V 
~_l 

.»«•»« 

A^a RHR J3Ü30 
i 

THERMAL SHOCK 
STEP   STRESS   LEVELS 

(B) 10 CYCLES/STEP 

N«29 

A   A  A 

 _—- 
N«25 A 

A  A  A   fl — 

N«23 

JL_-iv 

T 

N» 20 

A^A^A 

N«I5 

ft iSlfe ftn^ 

MAX    TEMPERATURE   °C 

MIN.    TEMPERATURE *C 

• 
N 
• 

0 
1 

o 
«I 

0 * 
1 

o 
0 
• 
o 
0 

o 
0 
0 
• 

r 
• 
0 •0 
1 

o 
o 
41 
4 

8 
i 

O 
O 

o 

3 
• 

s 
1 

o 
0 

• 
0 * 

8 
4 

8 
i 

? I 
•        4 o 

OELTA   °C 

1 

o 
• 0 «1 

8 
0 

0 • • 
4» 

o o o 
«1 

0 

N 
8 0       0           I 

0          0 

Figure 4-29. 

4-71 



Figure 4-30.  Vendor 9 Devices After 1C Cycles 
Thermal Shock Method 1010D 
(-65°C to 200°C) 
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TABLE IV-13 

Test 
Lot 

Dual-in-Line 
Plastic 

Dual-in-Line 
Ceramic 

Flat 
Packages 

LSI 
Pkg. 

Method B C X 

1010 C D X X X X 

Level D E X X X 

E F X X 

Method A G X X X 

1011 C H X X X X 

Level D I X 

End Point 1 2 3 4  5  6  7  8 

Thermal Shock 0 15 30 60 105 300 510 1005 

Temp. Cycle 0 10 30 60 100 300 510 1000 

Multiple Thermal Cycle Matrix 

The schedule of endpoint tests, as specified in 4.1.2, 

through the first 1,000 thermal cycles were as shown in Table 

IV-13. After the first 1,000 cycles endpoint tests were performed 

every 500 cycles. As shown in Table 1-2, 15 samples of "endor 14 

devices were included in Lot D (iemperature Cycle, Method 1010 

Level C) and 11 Vendor li devices were included in Lot H (Thermal 

Shock, Method 1011 Level C).  The flow of samples through these 

tests is shown in Figure 4-31. 

4.6.1 Data Presentation 

The data from this test matrix was first analyzed to 

determine the distribution of failures with respect to total 

cycles.  Several distribution plots were attempted, including 

Normal, Log Normal, Weibull, and Hazard plots. The data seemed 
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to fit a linear plot of accumulative percent failure • »rsus 

number of cycles.  This method of presentation was chosen. All 

curves are labeled with an alpha-numeric designator which indicates 

stress level and vendor. Thus, Curve C-2 represents Lot C. 

(Temperature Cycle per Method 1010, Level B, -55°C to 125°C), 

Vendor 2. This nomenclature, derived from Table 1-2, is carried 

throughout: this and subsequent sections. 

4.6.2    Plastic Results  • 

All electrical failures of the plastic encapsulated 

integrated circuits were due to open wires or bonds.  Thus, the 

DC failures at 25 C also failed the monitored temperature cycle 

(intermittence) test. 

All intermittent failures were left in the test pro- 

gram until the testing on the particular c,:ll was completed or 

until they became 25 C DC electrical failures.  Almost all inter- 

mittent failures, except those which failed the last readout, 
o 

became electrical opens at 25 C after additional temperature 

cycling  The data indicates that wires and bonds fail first 

during the high temperature portion of the cycle.  Repeated cycling 

tends to cause sufficient separation of the wire end(s) at the 

break, such that the device chows an electrical open type of 

failure ac 25 C.  This phenomena occurred at all levt-ls oi thermal 

cycling.  All intermittent failures failed over the high temper- 

ature portion of the monitored cycle.  Few temperature windows, 

opens occurring only over a temperature range of a few degrees 

Celcius, were observed and in all cases these devices were open 

circuited at 150°C. 
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Where a significant difference exists between the 

accumulation of total failures and 25°C DC parameter failures, 

both are plocted. 

4.6.2.1 Temperature Cycling Results 

Figures 4-32 and 4-33 show the results of Temperature 

Cycling, Method 1010, Level B (-55°C to 125°C) and Level C (-65°C 

to 150°C). These curves present the total electrical failures 

and DC electrical failures at 25 C as a function of temperature 

cycles completed.  Comparison of Figure 4-32 and 4-33 shows accel- 

eration of failures at the higher stress level (Level C).  In 

both cells all the 25°C DC failures, through the first 30 cycles, 

were caused by lifted bonds. The remainder of the failures were 

caused by fracture along the boundary of relatively large metal- 

lurgical grains formed in the gold wire (intergranular or grain 

boundary fracture). These failure mechanisms are discussed in 

Section V, Failure Analysis. 

4.6.2.2 Thermal Shock Results 

* 

The results of repeated thermal shock cyclirg per Method 

1011 Level A and Level C are shown in Figures 4-34 and 4-35. A 

comparison of these Figures shows that as the stress level increased 

from Test Condition A to Test Condition C, the failures were 

apparently accelerated in Vendor 2 and Vendor 3 devices at the 

higher stress level. Vendor 4 devices, however, showed greater 

susceptibility to Test Condition A Thermal Shock than to Test 

Condition C.  The reasons for this are related to the historic 

susceptibility of the phenolic package to moisture (water is used 
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I 1 

for both baths of Test Condition A). All the Vendor 4 failures in 

Test Condition A showed evidence of electrochemical corrosion of 

the aluminum pad. Metallization of the die shoved that moisture 

had penetrated the package.  By 1500 cycles, this corrosion had 

progressed sufficiently to weaken the bonds at the die to the 

extent that failures occurred due to lifted bonds. 

Since the thermal shock fluids used for Test Level A 

were ice water and boiling water, some water penetration occurred 

as evidenced by the presence of electrochemical corrosion at the 

pads of the failed devices. 

The baths used to perform thermal shock at Level C 

were Methonal and dry ice for the -65°C bath and "UCON Oil", a 

polyalkylene glycol, for the 150°C bath.  Both the high viscosity 

and the surface tension (with respect to water) of the UCON Oil 

inhibits penetration along the lead encapsulated interface. Thus, 

the transport of moisture and other contaminants to the die sur- 

face is much slower than is the case where water is used as the 

thermal fluid. 

All the failures in Lot G (Test Condition A, Method 1011) 

cxccnt one (Vender 3 at 3,000 cvcles) were caused by lifted bonds 

at the die.  Electrochemical corrosion was noted in ell lifted 

bond failures.  (See Section V.) 

The response to Level C Thermal Shock wi.s similar to the 

response to Level C Temperature Cycle. All DC failures detected 

through the first 30 cycles were due to lifted bonds. The rest, 

with one exception,were due to intergranular fracture in th^ gold 

wire near the ball bond at the die. The lone exception vas the 
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failure of the Vendor 4 device at 1,000 cycles.  This unit failed 

due to a lifted bond at the die.  No corrosion of the pad metal 

was evident.  Since there were no further failures of Vendor 4 

devices at this level through 2,000 cycles, this device was most 

likely a sport, or abnormal device. 

Because of the presence of electrochemical corrosion at 

the pads of all failures in Level A Thermal Shock, the difference 

between the response to Level A and Level C does not represent a 

true acceleration due to thermomechanical stresses. 

The original test plan called for a minimum of 1,000 

thermal cycles at each thermal cycle or 507« failure of the test 

sample.  Because of the loss cf four Vendor 14 devices, (MOS 

Memory) due to test and handling damage, test cell H14 was truncated 

at 510 cycles. 

4.6.2.3  Discussion of Thermal Shock and Temperature Cycling 

Results 

The overall response of the samples from the 5 vendors 

confirm that which vas predicted from the thermomechanical oxpansio/, 

data and the step stress results of Section 4.5.  The Type 2 epoxy 

of Veudor 1 and the silicone of Vendor 14 tend to fail fastest 

under all conditions of thermal cycling, while Vendors 2 ar.<i 4 are 

relatively unaffected by thermal cycling except for the corrosion 

mechanisms found in the phenolic package (Vendor 4) as a result of 

Thermal Shock per Method 1011 Test Condition A.  Vendor 3 devices 

fail ail groups faster than would be predicted from the temperature 

coefficient cf expansion data.  Ths failures were due to fracture 

along the boundaries of rather large grains formed in the wire near 

the ball bond at the die.  The difference in response between 

Vendor 1 and Vendor 3 is attributed * o the difference in wire size 

and bonding method.  This phenomenon is discussed in Section 5. 

4-83 



The DC failures of Vendors 2, 3 and 14 in Level C of 

both thermal shock and temperature cycling are shown in Figure 

4-36. Both these tests have the same temperature extremes, -65 C 

to 150°C, differing only in the time at temperature and rate of 

change of temperature of the device. From the curves of Figure 

4-36 it can be seen that temperature cycling has a greater effect 

than does thermal shock for Vendors 14 and 3.  This would indicate 

that the time at. temperature is more critical than is the rate of 

change of temperature. 

There is little difference, however, in the response 

of Vendor 2 devices to temperature cycling and thermal shock at 

level C.  This may be a result of the high temperature portion 

of the cycle; 150 C is much greater than the glass transition 

teuperature and the net thermal expansion coefficient at 150°C 

is high, creating sufficient stress in the wire to mask the 

effects of time at temperature.  The mechanics of the system and 

the electrical test data indicate that the failures in the wires 

and bond occur during the high temperature portion of the cycle. 

4.6.3    Cual-Ir-Line Ceramic Results 

As has been shown by ehe thermomechanical stress analysis 

presented in Section 4.3, the thermally induced stress in the 

ceramic dual-in-line package may reach critical levels wich respect 

to the ultimate strength of the sealing glass.  The temperature 

gradients present during the thermal shock cycle enhance these 

stresses. 

If thermal shock or temperature cycling tests are to 

be used for screening stresses, it is critical to learn the effects 
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such tests will have on the integrity of the package seal, as 

well as on those mechanisms which directly affect the electrical 

performance of Che device. We have chosen, therefore, to study 

the effects on the package seal separately from the electrical 

failures. 

4.6.3.1  Seal Test Results 

The pattern of seal failure, noted in all cells, was 
Q 

first failure to pass the fine leak criteria of 5 x 10 atm-cc 

per sec, helium.  These indicated fine leak failures were 

subjected to future thermal cycling until they became gross leakers 

or electrical failures. A tendency was shown for these helium 

leak test readings on these devices to increase to the range of 

10  atm-cc/sec.  In many cases these devices would then pass 

the helium leak test and gross leak tests on a subsequent end 

point, only to fail gross leak tepts on the following end point. 

This response was most prevalent in the thermal shock cellc. 

All gross leak failures were subjected to destructive 

penetrant dye tests for confirmation of leak. All electrical 

rejects were subjected to the pressure and bake cycles prior to 

submission to failure analysis  The development of the dye wcs 

performed as part of the failures analysis procedure (see Section V) 

All of the indicated helium rejects w^re verified at the end of 

the test.  Evidence of dye penetrating to greater than 507. of the 

aistance from the outside lead surface to the edge of the package 

cavity was classified as confirmed leaks.  The result? of this 

analysis indicated that the seal degradation starts ar the surface 

of the seal, evidenced as small cracks around the leads.  The 

cracko tend to propagate to the cavity with repeated thermal 
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cycling. This phenomenon was more prOVAlent in thermal shod . 

Most unconfirmed rejects /ere due to trapping of helium pas 

at the surface of the sealing glass. 

Figures 4-37, 4-38, 4-39, and 4-40 show the gross leak 

failures of Vendors 8, 9, 10, and .11 dual-in-line ceramic pack- 

ages as a function of thermal cycles. Total indicated seal test 

failures are plotted for Lots H-9 (-65°C to 150°C thermal shock, 

Vendor 9) and G-10 (0°C to 100°C thermal shock, Vendor 10). 

These curves show that the accumulation of seal failures 

in Vendors 8, 9, and 10 packages are much more rapid in thermal 

shock than in temperature cycling.  Seal degradation at level C 

of thermal shock was so great that some of the packages of Vendors 

8, 9, and 10 fell apart, being unable to withstand the forces of 

insertion and withdrawal in the test sockets. 

Vendors 8 and 10, both using Type 1 glass, were highly 

susceptable to level A thermal shock, while Vendor 9 (Type 2 

glass; was unaffected at this test level. 

With the exception of Vendor 8, whose units indicated 

a typical response for that manufacturer in all hermeticity tests, 

tempe: . ture cycling at levels C and D had little effect on the 

package seal for any of the dual-In-line packages.  Because of 

the extreme high temperature, 350°C, level E, catastrophic effects 

occurred in the sidebraze package because of reflow of the cap 

brazing material during the 350°C portion of the level E cycle. 

This caused 1007« seal failure within 30 cycles.  The material, 

a gold-tin eutectic melts at 325°C.  The extreme high temperature 

(limit of level E also affects the hermeticity cf the glass sealed 

ceramic packages (Vendors 8, 9, and 10).  It will be shown in the 

next section that these «Tfects are overshadowed by the affeccs 

on the die bond. 
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The LSI package had no gross leak failures in this 

matrix; however, 19 units failed the fine leak test due to trapping 

in the metal ceramic interface at the surface of the seal area. 

Three units fron Log H-12 (thermal shock, level C) were confirmed 

to be fine leak failures at 1000 cycles by using penetrant die 

techniques.  The units were found to be leaking at the metal 

ceramic interface at the corner of the cavity. Trapping of 

helium around the lead and at the surface of the metal plate 

ceramic seal was a characteristic mode for this package for all 

thermal cycle cells, though very few of the packages were verified 

leakers. 

4.6.3.2  Electrical Test Results 

The electrical end point test results for Vendors 8, 9, 

10, 11, and 12 are shown in Figures 4-41, 4-42, 4-43, 4-44, and 

4-45 respectively. 

The general response pattern of dual-in-line ceramic 

packages to the temperature cycling tests (Codes D, E, and F 

for each vendor) is characterized by an offset, or a number of 

cycles completed with zero failures, and then a nearly linear 

increase of failures with increasing cycles. 

As noted in the preceding section, Vendor 11 suffered 

total loss of hermeticity within the first 30 cycles at test 

condition F (-65 C to 350°C) temperature cycling, causing trunca- 

tion of the test on that device at that point. The dominant 

cause of failure of the other samples (Vendors 8, 9, and 10) 

tested at this level was degradation of the die bonds, resulting 

in loose die in the package. 
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The dominant cause of electrical failure for all devices 
! i 

at levels C and D of temperature cycle and level A and C of 
thermal shock was btoken wires at the heel of the first bond, 
caused by ..echanical fatigue.  In the case of Vendor 8 this 
mechanism was accelerated at test Condition A, thermal shock, by 
chemical attack of the aluminum wire. This chemical reaction is 
a result of the loss of hermeticity which allowed contaminated 
moisture to enter the package and react with the aluminum. 

On all other packages the longer wires tended to fail 
first, with Vendor 12 LSI devices having the longest span and 
failing first, followed by the sidebraze and then the ceramic 
glass packages. Vendor 9 wire bonds had a higher degiee of 
deformation at the heel of the first bond which makes them more 
susceptable to early failure in thermal mechanical testing. 
These mechanisms and the physical geometries which effect them 
will be discussed in Section V. 

4.6.3.3  Discussion of Results 
i. 

There is an apparent anomaly in th* response of Vendors 
8, 9, and 10 devices to temperature cycling at levels C and D. 
One would expect that level D would cause more failures with 
fewer cycles than level C.  Considering the temperature range of 
the two test levels, -65°C to 200°C for D and -65°C to 150°C 

l for level C, only Vendor 11 (Figure 4-44) shows the expected 
response and even here the accumulated percent failure of level 
D (Curve Ell) lags level C (Curve Dll) until approximately 3000 
cycles. 
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Referring to Figure 4-37 we see that the number of 

gross leak test failures at Condition C, (Curve D8), temperature 

cycle, is higher than at Condition D, (Curve E8), temperature cycle, 

through 3000 cycles.  From the thermomechanical stress analysis, 

the critical stress in the seal of the devices occurs at -65 C 

(the low temperature for both test levels).  Therefore, the 

close tracking of Lots E-8 and D-8 are not surprising and the 

sample error may well explain any difference in seal test results. 

Electrical test results are not so easily disposed. 

The difference between levels C and D of temperature cycling are 

consistent across all vendors except Vendor 11. As will be seen 

later, this phenomena is also observed in the response of Vendor 

6 flat package to these temperature cycling levels. 

Considering only fatigue type bond failures, the 

temperature cycling test data and failure analysis results indi- 

cate that the metallurgical system showing the greatest decellera- 

tion with increasing temperature cycling level from C to D is the 

aluminum bonding system.  Further, the minimum recrystallizaticr. 

temperature of aluminum is 150°C.  ""his means that at 20C°C, the 

rate of annealing of aluminum wire proceeds rapidly.  While such 

annealing does reduce the tensile strength of the wire, it de- 

creases the hardness and increases the ductility.  It appears 

then, that at test level D of temperature cycling, the work hard- 

ening induced at this heel of the bond is partially annealed 

during the dwell at 200°C.  This phenomena will b« further dilated 

upon in Section V. 

A comparison of the effect»» of thermal shock and temp- 

erature cycling from the standpoint of electrical failures can 

only be done with Vendor V and Vendor 11 devices.  Vendors 8 and 
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10 suffered extensive hermeticity fallout at test condition C. 

The units failed gro*»s leak tests before the onset of failure 

of the wire bonds. 

A comparison of the results of temperature cycling and 

thermal shock at test level C (~65°C to 150CC) indicates that 

temperature cycling is more effective in inducing wire find bond 

failures than is thermal shock. 

Thermal shock has a great effect on seals, particularly 

on Type 1 glass seals. Type 2 glass is affected to a lesser 

degree, though one device with Type 2 glass fractured during 

electrical readouts at the 1005 cycle 2nd  point at test level C. 

4.6.4    14 Pir Flat Package Results 

There was only one seal test failure among the 14 pir. 

flat packages ac a result of the thermal cycling in this matrix. 

The aingie failure w-as a Vendor 6 device, which was destroyed 

during electrical testing during the 1500 cycle readout at test 

condition F temperature cycle (-65 C to 350°C).  The seal separated 

at the interface between the sealing glass and the ceramic base. 

This unit also had a lifted die and is included in the electrical 

failure vs cycle curves. 

4.6.4.1  Electrical Test Results 

The electrical test results are given in Figures 4-46, 

4-47 and 4-48 for Vendors 5, 6 and 7, respectively. 
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The patterns of failure and failure modes of Vendors 6 

and 7 are similar to those which were observed in the dual-in- 

line ceramic packages. 

The dominant failure modes for test level F of temp- 

erature cycle were lifted die bonds. Vendor 5 devices, however, 

failed due tc intermetallic formation between the gold ball bonds 

and the. aluminum metallization. 

The response of the units of Vendor 5 and 6 to test 

levels C and D of temperature cycling and thermal shock is char- 

acterized by a number of cycles without failure (offset) followed 

by a nearly linear increase in the accumulated percent failures 

with increasing cycles.  Vendor 7 was relatively unaffected by 

thermal cycling at these levels over the first 3000 cycles. 

Comparison of the effect on ceramic flat packages of 

temperature cycling at level C with respect to level D shows (as 

was shown by the dual-in-line ceramic) that in terms of fatigue 

type failures at the heel of the bond, test level C is apparently 

more severe than level D.  As indicated in paragraph 4.6.? 3 and 

in section 5.2, this could be due to the rate of annealing of the 

aluminum wire at 200°C. 

No significant comparison can be made between temper- 

ature cycling and thermal shock.  The logistics of performing 

muitiple thermal shock cycles forced the truncation of the thermal 

shock sequences prior to establishing the failure pattern caused 

by thermal shock. 
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4.6.5    Discussion of Results 

This thermal cycle matrix was designed with two pur- 

poses in mind.  First was to examine the effects of increasing 

the high temperature in temperature cycling and thermal shock, 

and second was to compare the effect of temperature cycle and 

thermal shock when these tests are extended to greater than 1000 

cycles. 

While the differences in results are not dramatic, 

temperature cycling has a greater effect on wires and bonds than 

does thermal shock.  This difference was most significant in 

plastic devices and in the sidebraze 14 pin ceramic package 

(Vendor 11). The other 14 pin dual-in-line ceramic package 

tended to fail gross leak before the onset of thermal mecharical 

fatigue. 

A comparison of all hermetic vendors at test level C 

temperature cycling is shown in Figure 4-49.  This family of 

curves shows that tne flat packages are definitely stronger than 

the ceramic daul-in-line packages in temperature cycling. 

Vendor 12 is the worst performer although this device has 42 

wires rather than 14, and the average wire length is much greater 

than in the 14 pin dips. 

From the results shown for the dual-in-line ceramic 

package, thermal shock affects the package seal while temperature 

cycle has the greatest effect on wires and bonds. 

In addition, long term cycling induces mechanical fatigue 

failure at the heel of the bonds in ceramic devices, giving rise 

to a wearout characteristic which is approximately linear with 

respect to the number of cycles. 
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• Other mechanisms causing failures in this matrix were 

oxide shorts, which generally occurred between 1000 and 1500 

cycles, on Vendor 6 Cerflat and Vendor 9 Cerdip. These two 

vendors also showed the greater deformation at the heel of the 

bond, thus rendering the device« more susceptable to fatigue 

fracture at the heel of the first bond. 

. 

4.7 THERMAL SHOCK/TEMPERATURE CYCLING INTERACT. ON MATRIX 

This test sequence was designed to investigate what 

effect, if any, a 15 cycle preconditioning thermal shock, would 

have on the subsequent performance of the devices subjected to 

extended temperature cycling. The devices would be evaluated on 

package integrity and circuit integrity. 

- 

The basic test plan is shown in Figure 4-50. Parts 

were preconditioned with 15 cycles of Method 1011A, or 1011B, or 

1011C and then subjected to extended Temperature Cycling per 

Method 1010B or 1010C or 1010D.  The results were arranged in a 

balanced design matrix having three rows (Temperature Cycling 

levels - Factor A), three columns (preconditioning Thermal Shock 

Factor B), and from three to five values per cell (vendors - 

Factor C).  See Figure 4-51. 

4.7.1 Data Analysis 

The three-way analysis of variance was used to analyze 

the interaction test results^  .  The model used was as follows: 

Xijk • X"  + Ai + Bj  + Ck +  <AB>ij  +  (AC>ik +  <3C>jk + Ee(ijk) 
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SELECT 
SAMPLES 

I 
SERIALIZE 

I 
LEAK TEST 

I 

PRECONDITIONING 

THERMAL SHOCK 
15  CYCLES 

(SEE   MATRIX) 

I 
LEAK   TEST 

/     ELECTRICAL   \ 

V ""   ) 

<D 
rELECTRICAL   A tS^S 

(REJ.) 

L_*__ 

FAILURE 
ANALYSIS 

(GOOD) DATA)    { 

TEMPERATÜRE 
CYCt c 

STEP STf-    SS 

(SEE   MATRIX) 

1 
DAT* 

ANALYSIS 
8k 

REPORT 

Figure 4-50. Thermal Cycling Interaction Matrix Test Plan 
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Interaction Matrix 

Repeat for Each Vendor 

Temperature 

Cycle 

Preconditioning 

Thermal Shock 

Rot 30,60,100,500, 

1000,1500,2000, 

2500,3000,3500, 

4000,4500 

1011A 

15 Cy. 

1011B 

15 Cy 

1011C 

13 Cy 

0/+100°C -55/+125°C -65/+150°C 

1010B 

(-55/+125°C) 

J       © 

1. 1 

M        ® 

1. 2 
Q        ® 

1, 3 

1010C 

<-65/+150°C) 

© 
2, 1 

® 
2. 2 

® 
2, j 

1010D 

(-65/+200°C) 

L       © 
3, 1 

P        © 

3, 2 
S         ® 

3, 3 

Note:  Control Samples - See Test Grcups C  (Method 1010B) 

D (Method 1010C) 

E  (Method lOlOD) 

Figure 4-51.  Interaction Matrix Cell Identification 
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where        X .,. • Cell value observed. 

X' - Estimate of the true mean cell value. 

A! * Effect on cell value due to temperature 
cycling level - Factor A. 

B! - Effect on cell value due to precon- 
J ditioning thermal shock level - Factor B. 

C£ = Effect on cell value due to vendor. 

(AB)J4 -  Effect on cell value due to an inter 
action between Factors A and B. ij 

(AC)!, •  Effect on cell value due to an inter- 
action between Factors A and C. 

(BC)Iu =  Effect, on cell value due to an inter- 
action between Factors B and C. 

Ek(ijk) Random error - not accounted for in 
any other relationship. 

Factor A - Temperature Cycling (B, C, and D) are fixed levels. 

Factor B - Thermal Shock (A, B, and C) are fixed levels. 

Factor C - Vendors are fixed levels (but could also be considered 
random levels). 

The mechanics of conducting a three-way Anova are ade- 

quately covered in references (4), (6), and (7).  The advantage 

of this type of analysis is that it does break out each of the 

individual factor contributions to the cell values and lists these 

with an estimate of their relative effect - i.e., the mean square 

(HS) values.  It then compares each factor variance against a 

random error varience to obtain an "F'" value.  Looking up the "F" 

values in a handbook leads to conclusions of statistical signifi- 

cance.  In this report, a "statistical significance at IV means 

4-110 

j . 



there is only a 1%  chance that no effect difference exists - 

i.e., that all levels of the facr.or in question are equal. 

4.7.2    Discussion - Choice of Variable to be Used in Analysis 

To simplify the data analysis and allow comparisons 

of effects of temperature cycling and thermal shock, a search 

was made for a single number or figure of merit which could be 

used. One was found and used in all the data analysis of the 

interaction matrix results. 

4.7.2.1  Figure of Merit 

As the data analysis progressed, it became apparent that 

the typical failure response to long term thermal cycling consisted 

of an offset time period plus a failure period. The offset period 

is the number of thermal cycles from zero to the last readout 

with zero cycles (OA) and represents the time period of trouble- 

free service prior to start of failure. The failure period starts 

with the last zero readout and continues from there (ABCDEF). 

THIRMAL CYCLES 
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The offset period varies from none, for one vendor, to 

very long (for several samples).  In some cases, no failures were 

found throughout the entire test period, these samples representing 

the best performance.  It is believed that a long offset period 

is the most important characteristic to have since this represents 

the period of "trouble-free service".  It also represents the 

"warrantee period1' response, or period when the expected failure 

rate is very low. 

The failure period also has varying characteristics . 

In one case, only one failure is found followed by several readouts 

with zero failures (ABCD) - very low failure rate.  In other cases, 

the failures occur all at once going from zero failures (at point 

A) to 100% failures on the very next readout (point B). A response 

in between is shown as ABCDEF.  It is felt that low failure rate 

is better than high failure rate. 

The first figure of merit investigated, but not used, 

was called the "Z" value and is proportioned to the area above 

the curve, i.e., area 0ABCDEFJ100. The higher the "Z" the longer 

the offset and the lower •he failure rate. The lower the "Z" the 

shorter the offset and higher the failure rate. Those Z values in 

between fall according to wheir offset vs failure rate relationship 

4.7.2.2  Truncated "Z" Values (Z*) 

It became evident that Temperature Cycling Method 1010C • 

was carried out further than any other condition and that the 

test rasulus would have to be truncated at a point closer to the 

final readout for the remaining cells. Therefore, 3000 cycles 
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were chosen as the upper truncation point and all data was recal- 

culated based on a maximum test time of 3C00 cycles.  It also 

became apparent that numbers based upon performance at 3000 cycles 

gave numbers whose magnitude went from 0 (no failures through 

3000 cycles) to high numbers (large number of failures - high 

failure rate - early failures).  This Z* numbei Is proportional 

to the area below the curve - referenced from 3000 cycles.  (Point 

G would be the 3000 cycle end point.) 

These Z* numbers will be used throughout the interaction 

matrix analyses  (Area of AAFG) . 

Z* - 1/2 (P7o) 13000 - A(cycles)3/1000 

where P7. - % failure @ 3000 cycles 

A • last readout cycles with zero 

failures 

* 
4.7.3    Hermetic Dips (DC Electrical - Z Values) 

The 3x3x4 Anova is shown in Table J/-14.  The matrix 

values are given in Table IV-V5.  Since no interactions are present 

the variation due just to temperature cycles - Factor .\ mean 

square is tested against the pooled residual mean square.  Inis 

comparison is not significant; that is, there is no significant 

independent degradation due to Temperature Cycling alone in this 

experiment. 

The interactions in A x C, Cycles vs Vendors, is almost 

significant due to the same sample results - sample 3, 3, 3 * 125 

and sample 3, 3, 4 « 159.37.  These results indicate Vendor 10 

and II both showed higher failure rates when subjected to Method 

1011C, Thermal Shock Preconditioning, and Method 1010D, Extended 

Temperature Cycling, than did any of the other vendors. 
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AVWPO 

THREE  WAY   ANALYSIS   OF  VARIANCE 

DC   ELECTRICAL   FAILURES..DIPS..'Z*'   VALUES 

SOURCE OF  VARIATION 

TEMP CYCLE LEVELS...A 

PRECON THEP-SH0CK...2 

VENDORS C 

CYCLES VS SHOCK...A*B 

CYCLES VS VENDORS.A*C 

SHOCK   VS  <,EKD0aS*.3*C 

RESIDUAL   rJNQR  

TOTAL SUM f'F SIRS  

SS 

££98,52 

189*.t? 

S639.77 

12C99.40 

692 5.91 

42331.30 

DF 

2 

JL 
6 

LL 
35 

MS 

37 49.26 

534.63 

631.71 

1664.94 

2016.57 

1154.A? 

6?1 .86 

4.P3//2.78«m 

3.S5  M9 

i.02   NS 

2.63   NS 

3.19/2.26-NS 

1.83   $3 

COMMENTS Pooled« 24133.38 
36232.78 

27 
33 

893.83 
1097.96 

TABLE IV-14 
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PRG:    DIPS 

/ 

VARIABLE or PARAMETER  Z* 

PROJECT NO: 2075 

DC 

(TS) 

VENDOR                                         ! 

C'    8 «    9 "io 
Mn CB 

Al 

B 

Bl 
A 31.25 25 0 3.12 

82     B 37.5 6.25 0 0 
83    C 31.25 6.25 0 0 

A2 

c 
81     A 18.75 90.62 3.13 18.75 
62     B 25 9.38 18.75 37.50 
B3     C 9.38 12.5 6.25 12.5 

A3 

D 

81    A 31.25 31.25 0 62.5 
82    B 12.5 9.35 18.75 46.87 
B3     c !       6.25 12.5 125 159.37 

Ave 22.57 22.57 19.09 37.84 

(A * C) "     9 C1   10 C4  11 CB 

Al TC B 33.33 12.5 0 1.04 - 

A2 TC C 17.71 37.5 9.38 22.91 

A3 TC   D 16.67 17.71 47.92 89.58 

Bl 

m 
BS 

* C) 
C'    8 "    9 Cl   10 C4   11 CB 

TS<A) 27.08 48.95 1.04 28.12 

TS(») !     25 8.33 12.5 28.12 

TS(C) 15.62 10.42 43.75 57.29 

REMARKS: 

(A * B) 
A,TC  (B) A2     TC (C) M      TC tt» 

Bl TS(A) 14.84 32.81 31.25 
•I TS(B) 10.93 22.65 21.87 
11 TS(C) 9.37 10.15 75.78 

A - 3 
B - 3 
C - 4 
Ave Ave 

14.84 

11.72 10.93 

1      9.37 

32.81 

21.87 22.65 

" 10.15 

31.25 

42.97 21.87 

75.78 

- TOTAL 
X - 25.52 

Ave 
11.72 
21.87. 

1     42.97 

Ave 
26.30 

18.49 
31.77 

Av« 
26.30 

18.49 
31.77 

TABLE 1V-15 

Interaction Matrix (Z* veluea) DC Electrlcei - DIPS 
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The failure modes, Table IV-16, were heel breaks at the 

bond to the die (BD - Break at Die) for Vendors 8 and 9 and pre- 

dominately heel breaks at the post bond (BP - Break at Post) for 

Vendors 10 and 11. This difference in failure mode is attributed 

to the difference in bonding sequence: Vendor 8 and 9 bonded 

die first and post last.  Vendors 10 and 11 bonded post first 

and die last.  The mechanics of bonding subjects the first bond 

to flexure as the bonding needle routes the wire to the final bond 

location  Each flexure of the bond "work hardens" it. making it 

more brittle and subject to failure.  Consequently, subsequent 

expansion - contraction of the bonded wire when the device is 

subjected to Temperature Cycling causes the first bond to fail 

first.  All samples had comparable 1 mil aluminum wire with ultra 

sonic bonds. Vendor 11 was the only one of the four with gold 

plated Kovar posts.  A comparison between Vendor 10 and 11, both 

bonded post to pad, would indicate additional failure rate due to 

the presence of gold aluminum intermetallic in the post bond only. 

This additional weakening of the bond shows up strongly in Temp- 

erature Cycle Method 1010D (-65° to 200°C) - row 3, where 15 BP 

failures were obtained vs 2-BP and 1BD for Vendor 10.  The abnor- 

mally high failure rates (Z* values) in samples 3, 3,4 (Vendor 11) 

was due to the very early BP failures (500, 500, 1000, 1500, and 

2000 cycles) compared to most other samples which did not show 

failures until after 1000 cycles.  Sample 3, 3, 3 (Vendor 10) also 

had early failures (30, 1000 cycles) for the cell, causing a high 

failure rate (Z*) values. 

As will be shown later, Vendor 11 (sidebraze) had a 

perfect hermeticity record but the combination of gold-aluminur 

posts and post to pad bonding lead to reduced electrical perfor- 

mance (opens) compared to the others in this test. 
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Overall 
Upbonded 

(Vendors 8, 9) 
Downbonded 

(Vendors 10, 11) 

n«=288 n=144 n*144 

Mode No Percent No Percent No Percent 

BD 34 50.75 32 94.12 2 6.06 

BP 29 43.28 1 2.94 28 84.85 

Corrosion 3 4.48 0 0 3 9.09 

Oxide Flaw 1 1.49 1 2.94 0 0 

TABLE IV-16 

Failure Modes vs Bonding Direction 
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The 2, 4, 4 matrix, specifically run to compare the 

effect of preconditioning against no preconditioning, showed no 

significant differences between any main effects or interactions. 

Therefore, it r*m  be concluded that preconditioning Thermal Shock 

(1011A, B or C) for 15 cycles does not significantly alter sub- 

sequent electrical performance to Temperature Cycling on hermetic 

DIP devices. 

4.7.4    Hermetic Dips - (Leak Test Results - Z*  Values) 

The three-way analysis of variance for leak test failures 

was quite different from that for electrical failures. Two 

situations were analyzed: 

(1) Indicated Fine Leak Failures (Table IV-17 

and IV-18) 

(2) Confirmed Fine Leak Failures (Table IV-19 

and IV-20) 

In both cases there was a significant effect due to 

the preconditioning thermal shock. 

Taking the indicated Helium Leak Anova first, the 

residual error term was pooled with those of A, A x B, and A x C, 

to obtain the new values below the line.  Testing this pooled 

residual against the B x C interaction showed this interaction 

to be highly significant at 0.5%. Therefore, the value obtained 

for a particular vendor was dependent upon which preconditioning 

column it was in.  A look at the basic matrix indicated that both 

Vendor 10 and Vendor 13 had higher failure rates (higher Z* values) 
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AVWPO 

THREE  WAY  ANALYSIS   OF   VARIANCE 

INDICATED HELIUM LEAKERS..DIPS.. 'Z* '   VALUES 

SOURCE OF  VARIATION SS DF MS              F 

TEMP  CYCLE LEVELS...A 137.50 J2_ 7g.75          0,1?   NS 

PRECON  THER-SHOCK...B 11569.97 2 57F4.9P       .13.14 

VENDORS C 9307.44 4 2326.F6         5.2« 

CYCLES   VS  SHOCK...A*D 4 43.75 j^ 110.94          0.25   MS 

CYCLES  VS   VENDORS.A*C 3 572.95 •_B 446.62          1.01   Ns 

SHOCK   VS  VENDORS..B*C 10436.93 « 1304.62         2.9 6/3.49**0.5% 

RESIDUAL  ERROR  7046.20 \& 440.39 

TOTAL SUM OF SQRS  42534.73 44 

COMMENTS                         Pooled« 11220.40 30 374.10 

TABLE IV-17 
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PKG: DIPS PROJECT NO: 2075 

VARIABLE or PARAMETER Z* Indicated F*ne Leak 

(TS) 

VENDOR 

C'   8 °*    9 
C3 

10 
C4 

11 
C5 

13 
Al 

B 

Bl 
A 0 0 0 0 30 

B2    B 18.75 12.50 15.62 0 0 
B3     C 36.25 6.25 93.75 0 80 

A2 

C 

81     A 0 0 0 0 30 
B2     B 74.25 0 0 0 5 
B3     C 75 12.5 74.25 0 89.10 

A3 

1    D 
*      A 18.75 9.37 0 0 45 
B2     B 6.25 0 28.12 0 30 
B3     c 18.75 56.25 112.50 0 15     • 

Ave 27.56 10.76 36.03 0 36.11 

(A * C) 

Al TC  B 

A2 TC  C 

AS TC  D 

C»   8 Ci    9       I"    10 C411 C513 

18.33 6 . 25I        36.46 0 36.67 
49.75 4.17]         24.75 0 41.67 
14.58 21.87 46.87 0 30.00 

(B * C> 
Bl 

It 
B3 

(A * B) 

Cl |C2 C3 
10 

C4 
U 

ftT 
TC   (B) 

ÄF 
TC   (C) 

iy 

C5 
13 

TS(A) 6.25 3.13 0 0 35 
TS(3) 33.08 4.17 14.58 0 11.70 

TS(C) 43.33 25.00 93.50 Q 61.70 

TC   (D) 13 
Bl 

B2 

B3 

TS(A) 

TS(B) 

TS(C) 

6.00 
9.37 

L 43.25 

S.QQ. 
15.85 

50.35 

14.63 
12.87 

40.50 

A * 
B » 
C » 
Ave Ave 

6.00 

19.54 9.37 

43.25 

6.00 

24.07 15.85 

50.35 

14.63 

22.67 

- 

12.87 

40.50 

- TOTAL 

X - 22.09 

Ave 

19.54 

24.07 

22.67 

Ave 

a .88 

UJJ 
44.70 

Ave 

SLMARKS; 

8.88 

12.70 

1   44.70 

TABLE IV-18 

Interaction Matrix (Z* values) 

Indicated Fine Leak - DIPS 
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A V V/PO 

THREK"  WAY   ANALYSIS   OF   VARIANCE 

CONFIRMED HELIUM LEAKERS. .DIPS.. *Z* '   VALUES 

SOURCE  OF VARIATION SS DF MS               F 

TEMP  CYCLE LEVELS...A 179l.lt 2 *">5.5S         2.H   NS 

PRECON  THEH-SHOCK...B W59.7'/ _2. 4l79.?5         9.39/8.49=»0.1% 

VENDORS C 24?2.79 _i 605.72          1 .3 6  US 

CYCLES  VS  SHOCK...A*B 2191 .P9 „4. 547.97          1.23   NS 

CYCLES  VS   VENDORS.A*C 3152r15 _£. 394.32          0.H*   NS 

SHOCK vs VENDORS.,n*c .:.  &2ELJ& j& 5W.43       i.i? NS 

RESIDUAL  ERROR........ 7125.^ IS 445.36 

TOTAL SUM OF SQRS  29046.77 44 

COMMENTS             Pooled« 20687 42 492.55 

TABLE  IV-19 
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PKG: DIPS PROJECT NO:  2075 

VARIABLE or PARAMETER  Z* Confirmed Fine Leak 

1 

(TS) 

VENDOR 

8 
C2 

9 
C3 

10 
C4 

11 
C5 

13 
Al 

B 

Bl 
A 0 0 o 0 0 

82     B 0 0 0 0 0 
83     C 36.25 6.25 0 0 0 

A2 

c 
B'     A 0 0 0 0 0 
B2      B 9.37 c 0 0 0 
B3     C 56.25 r, 74.25 0 89.10 

A3 

D 

81     A 18.75 9.37 0 o v'j 
B2     B 

.   0 0 9.37 0 15 
B3     C 

18.75 56.25 112,50 0 15 

» 

Ave 15.48 7.98 21.79 0 1.3.23 

(A * C) 

Al TC   B 

A2 TC   C 

A3 TC   D 

Ci C2 
9 

C3 
10 

C« 
11 

C5 
13 

12.08 2.08 o 0 0 

21.87 0 24. 7S f) 9Q.7 

12.5 21.87 |        40.62 0 10 

(B * n C'  8 "   9 
C3 

10 
04 a " n 

Bl TS(A) 6.25 3.12 0 0 0 
B2 TS(3) 3.12 0                    3.12 0 5 

B3 TS(C) 37.08 20.83 62.25 0 34.7 

(A » B) 
Bl 

B2 

B3 

EMARK5: 

AT 
TC (B) 

AT 
X (C) 

AT 
TC (D) 

TS(A) 0 0 5.62 
TS(B) 0 1.87 4.87 

TS(C) 8.5 43.92 40.5 

A « 
B - 
C - 
Ave 

Ave 

Ave 

Ave 

Ave 

0 

2.83 0 

8.5 

0 

15.26 1.87 

43.92 

5.62 

16.99 4.87 

40.5 

- TOTAL 

X - 11.69    i 

2.83 

15.26 

16.99 

1.87 

2.25 

30.97 

1.87 
2.25 

30.97 

TABLE IV-20 

Interaction Matrix (Z* values) 

Confirmed Leaks - DIPS 
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I I 

than expected whereas Vendor 11 (Sidebraze) had a perfect record - 

no indicated leakers in 3000 cycles. All other vendors bad con- 

sistently higher failure rates when subjected to Preconditioning 

Thermal Shock 10UO than to levels 1011B or 1011A. The Z* number 

for 1011C is nearly 4X the number for 1011BI This high value is 

statistically significant at 2.5%. 

A study of the vendor averages, indicates that Vendor 

11 is best and Vendor 9 is next.  Vendor 9 was also shown to 

have a very strong package on the torque test sequence. Vendor 

8 and 10 have similar packages and used essentially the same 

sealing glass but Vendor 10 has more helium trapping problems. 

Vendor 13 also has a trapping problem.  It is of interest that 

the extended temperature cycling following the preconditioning 

had very little effect on the outcome even at much higher temp- 

erature extremes than those used for the preconditioning.  The 

temperature cycling performance does not depend upon the level 

of thermal shock preconditioning. 

i ! The confirmed Helium Leakers Anova simplifies the 

problem further. The results are presented in Table IV-19 and 

IV-20. Again pooling the nonsignificant terms to obtain a better 

overall estimate of residual variance and testing for significance 

of differences between levels of Factor B (Preconditioning Thermal 

Shock) yields significant difference at C. 17. due to the precon- 

ditioning leak chosen. The difference between response to Method 

1011C and Method 1011B is even greater than in the previous case 

for indicated fine leakers.  The most dramatic shift in Z* values 

occurs in all the lower stress levels, such as Method 101GB and 

1011A. 
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At lower levels of preconditioning, approximately 20% 

of the indicated helium leakers are confirmed whereas for Pre- 

conditioning Thermal Shock. Method 1011C, 69% of the indicated 

leakers were confirmed. 

The same general pattern holds for Temperature Cycling • 

14.48% of 101DB; 63.4% of 1010C and 74.9% of 1010D values were 

confirmed. 

When comparing vendors, the results are: 

Vendor       % Confirmed 

8 56.17% 

9 74.16%  Best CDI? 

10 60.48% 

11 100  %  Sidebrazer-Solder Seal Lid 

13 36.64%  Large 18 lead DIP 

The percent confirmed correlates well with the absolute 

value of Z*; i.e., the lower the Z* (lower failure rate) the 

greater the percent confirmed. This is due to less helium trapping 

by the stronger packages and better glass-to-metal and glass-to- 

ceramic bonding. The only gross leakers obtained were with Vendor 

10 in the highest levels - 1011C Preconditioning plus 1010D 

Temperature Cycling. 

The major observations made from these matrix tests are: 

(1) Thermal shock preconditioning has a highly sig- 

nificant effect on helium leak performance with 

Method 1011C causing a significant failure rate 

for this failure mode. It has little effect on 

bond strength. 
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; 
(2) Extended temperature cycling has the most effect 

on bond failures with an increasing failure rate 

with an increase in level or an increase in number 

of cycles.  It has little effect on leak test 

results. 

(3) Vendor 10 has the best bonding but weakest 

package. Vendor 11 had the best leak test per- 

formance but highest bond failure rate due to 

putting the first bond on the post and having 

a gold-aluminum post bond with intermetallics 

causing additional weakening of bond strength. 

4.7.5    Flat Packages 

Vendors 5, 6 and 7 are flat packages with Vendor 5 

being a metal flat with gold ball bonds, and Vendor 6 and 7 

being Cerfiats with aluminum-ultrasonic bonds.  There were no 

leak test failures for the flat packages.  The small flat packages 

have excellent hermeticity performance throughout the entire test 

program.  The Interaction Matrix for DC Electrical is shown in 

Table IV-21 and Table IV-22. 

Using a pooled value for the residual, there is a sig- 

nificant difference between vendors at 2.57..  This difference is 

obviously between Vendor 6 and Vendor 7.  Vendor 7 had no DC 

electrical failures nor any bond failures in the entire 3000 

cycles, There is no significant interactions in this test. All 

the differences observed were due to vendor-to-vendor differences. 

There is a pattern of increasing failure rate with in- 

creasing Temperature Cycling Level (Factor A) but no similar trtr.c 

associated with Thermal Shock Preconditioning. 
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A WO 

TUBE.:   WAY   ANALYSIS   OF   VARIANCE 

DC   ELECTRICAL   FAILURES..FLATS..'& '   VALUES 

SOURCE  OF  VARIATION SJ OF y\: 

TEMP  CYCLE  LEVELS...A                        55*.21 _2 ?7<Ol 1 ,57 NS 

PRECON  THER-SHOCK...R                        1P»2.^<S JZ SI .33 0.31   NS 

VENDORS C 1243.34 2 621.67 3.73/4.95«* 2.5% 

CYCLES   VS  SHOCK.. ,A*P                        573.02 4 144.50 2,«1 NS 

CYCLES  VS   VENDORS.A*C                       3<>F.P4 4 R7.01 0.5* NS 

SHOCK   VS   VENDORS..B*C                          54.77 4 13.So 0.0? NS 

RESIDUAL  ERROR  1333.fl? K 166.64 

TOTAL SUM OF SQRS  425?.12 26 

COMMENTS                  Pooled« 3014.78 24 125.62 

TABLE IV-21 

' 
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~ROJECT NO: 2075 · 

l:•.rn .·\!IU: or PARN1ETER ____z~_;__J2~C ___ _ 

--.. ~ ...... -
VENDOR 

·c·i C3 ~- C5 _6 __ 7 

I JP .. 7 5 0 '. ,.. ______ ---·-... 
··--·---·-·~---·-· 

... ~ ., .. '., -·· ¥" .~.-.... _ .. __ 

I 

0 r ___ _Q_ 

n ____ _Q ___ 

25 0 _., ___ . 
9.38 0 -
6.25 0 

0 --- 0 ·---- ·-
I :n. 25 0 i 

:it+. 3 7 0 --· 

lc4 
1 -····--··· ---- -- . --·-=r 6.25 0 I 

1 J. 5!~ 0 
--~~~st. ·1 0 

'!'ABU: lV-22 

!tt~.l·raction ~latrix (Z·>'.- valtH~!l) 

DC Eloct:ricnl - FlaL~j 

4·1.2'/ 

-1 
. 

A .. 3 
B - 3 
c - 3 
Ave 

___ .u. :~:l....-
t---

() 

I-_a__ 
8.3)_ 

3 13 

5.21 

4.17 

11 45 __ 

23 33 

Ave 

2.08 

5.56 

12.98 

-BESTAVAILABLE COPY 



Th«. flat packages shoved the best overall performances, 

as a group, to the interaction matrix testing.  This package 

style is clearly the best "Hi Rel" package, at least for all the 

environments studied in this program. 

4.7.6 Plastic Packages 

Plastic package performance to the interaction matrix 

was varied.  Some vendors did very well; others did poorly. 

Table IV-23 and IV-24 cover the plastic results. 

Pooling the residual with those factors underlined gave the 

error mean square below the line.  Testing the A x C interaction 

against this term showed A x C to be significant at 0.1%.  There- 

fore, the value obtained for temperature cycling depended very 

strongly upon which vendor was under consideration. 

Since the A x C interaction is significant the Factor A 

(Temp Cycle Levels Effect) and C (Between Venders Effect) had 

to be tested against the interaction mean square, not the pooler 

residual.  This testing showed a strange significant difference 

between vendors while the Temp Cycle Levels Effect became ret 

significant (NS).  The most surprising performance was Vendor * 

Phenolic with a perfect record - no DC electrical or intermittent 

failures even through 3000 Temperature Cycles of Condition *? 

(-65°C/+200°C).  The reason is thought to be:  The Phenolic pack- 

age had a glass transition point above 200 C whereas the other 

three epoxv packages had glass transition points less than 150 C. 

This vendor also used 1.5 mil gold thermal compression wire 

bonding.  Vendor 1 and 3 used the same plastic, epoxy type, rut 

had different wire bonding systems.  Vendor 1 uses 1.5 mil diameter 

gold thermal compression wire bonding; Vendor 3 use^l 1.0 nil 

gold ball bonding. 
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AVWPO 

THREE  WAY   ANALYSIS   OF  VARIANCE 

DC   ELECTRICAL  FAILURES,.PLAsflCS..'2*' VALUES 

SOURCE OF  VARIATION SS DF MS               F 

TEMP CYCLE LEVELS.,,A $1*60,15 2 30«>30.0*     12 5.73/2,15«N^ 

PRECON  THER-SHOCK...R 40? .07 _2 204.53         0.*3 NS 

VENDORS C 47564P.9? 3 1**546.$'*     644.51/11.04**:* 

CYCLES  VS  SHOCK,..A*3 2S7.9? _4 $7.00         0.27 NS 

CYCLES  VS  VENDORS.A*C *61P5.31 6 14364,2?       5« .30/71.46«*0.1% 

SHOCK   VS  VENDORS. ,B*C 1194.90 _6 1^,15          0.P1 NS 

RESIDUAL ERROR  .    2951 .97 Jj! 246.00 

TOTAL SUM OF SGRS  62*510,37 35 

COMMENTS                   Pooled« 4821.93 - 24 201.00 

TABLE IV-23 
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PKG: PLASTIC 

VARIAELE or PARAMETER  Z* 

PROJECT NO: 

DC 

:075 

(TS) 

PH 

Al 

B 

Bl 
A 

B2 B 
B3 C 

A2 

C 

Bl 
A 

B2 B 
B3 C   1 

A3 Bl A 
62 B 
B3 C 

Ave 

(A 

Al 

A2 

A3 

* C) 

TC B 

TC C 

TC D 

(B 

Bl IS (A) 

B2 TSCD 
B3 TS(C) 

VENDOR 
Cl 

1 
C2 

2 
C3 

3 
C4 

4 
C5 

0 247. 218.75 0 

0 250. 225. 0 

0 275. 165.62 0 

0 273.5 233.75 0 

0 285. 280. 0 

0 275. 267.5 0 

270. 295. 273.5 0 

267.5 294.37 298.5 0 

239.37 297 298.5 0 

86.32 276.87 251.24 0 

c.    l C2       2 C3       3 C4    4 C5 

0 257.33 203.12 0 

0 277.83 260.42 0 

258.96 295. *6 290.17 0 

Cl C2 TET C4 

(AJS B) 
Bl 

B2 

B3 

REMARKS 

IT 
VC (E) 

ÄF 
TC (C) 

AT 

C5 

TC (D) 

90       1   271.83 242. 0 

89.17 276.46 267.83 0 

79.79 282.33 243.87 0 

TS (A) 116.438 126.813 209.625 
TS(B) 118.75 141.25 215.093 

TS(C) 110.155 135.625 208.718 

A = 3 
B = 3 
C = 4 
Ave Ave 

116.438 

115.114 118.75 

110.155 

126.313 

134.563 141.25 

135.625 

209.625 

211.145 215.093 

208.718 

= TOT/L 

X » 153.607 

Ave 
115.114 

134.563 

211.145 

Ave 

15C.958 

158.364 

151 .49Q 

Ave 
150.958 

158.364 

151.499 

TALLL IV-24 

Interaction Matrix (Z* values) 
PC Electrical - Plastic 
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• 

The poorest performance was given by Vender 2 who had 

a plastic with the lowest glass transition point and 1.0 mil 

gold ball bonding. 

The results show clearly (see A x C matrix). Through 

Temperature Cycling Condition C (-65°C/+150°C) 1.5 mil gold T/C 

bonding showed excellent performance compared to 1.0 mil gold 

ball bonding.  Test Condition D is too much for all except Vendor 

4 (Note: Vendor 4 does not make Phenolic packaged I/C at this 

time. The samples used throughout these tests were engineering 

run samples). 

The failure mode for the plastic devices was detected 

as intermittents first and as verified DC electrical second.  It 

sometimes took quite some time for a repeating intermittent to 

become a hard failure. When the failure was analyzed, the failure 

mode was grain boundary fracture (GBF) in the gold wire some 2-10 

mils above the ball (see discussion in the Failure Analysis section) 

The second most common failure was failure (opens - intermittents) 

at the lowest intermetallic interface between the gold wire and 

the aluminum pad metal.  This failure mode is due to Kirkendall 

Voiding in the Auc Al9 region following fatigue cracking in the 
(13) bond due to the thermal cyclingv  . 

:- ( 
There was no independent effect due specifically to 

the preconditioning thermal shock. 

4.7.7 Overall Conclusions 

The overall conclusions from analysis of the interaction 

results are these: 
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(1) Thermal shock preconditioning generates fine 

leak failures. 

(2) Extended temperature cycling is more effective 

in causing wirebond failures - much less effective 

in causing leak test failures. 

(3) There is no interaction between the preconditioning 

thermal shock (15 cycles) and the subsequent 

extended temperature cycling performance.  The 

temp cycle performance didn't care what 15 cycle 

preconditioning (if any) was used. 

(4) The largest overall effect across all package 

styles and failure modes was vendor-to-vendor 

differences.  This testing shows the importance 

of evaluating each vendor on his own merits and 

being careful of generalization across vendors 

making common package styles. 

(5) Flat packages shoved the best overall performance, 

and the lowest overall average Z* value.  This 

fact was true considering both package integrity 

and wire bond integrity. 

(6) Plastic package can perform as veil as  hermetic 

in thermal cycling applications but is highly 

vendor dependent.  It is also expected that lot- 

to-lot variations within a vendor's production 

would be greater for plastic and hermetic. 

(7) Hermetic dual-in-lines (CDIP construction) may 

be convenient to use but showed greater failure 

rates and far greater variation from cell to 

cell than did the flat packages.  They are partic- 

ularly susceptible to package failure due to their 

design; i.e., uneven masses of ceramic between 

top and bottom, heavy lead frame reducing amount 

of bonding glass around the frame; large torque 
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(8) 

forces exerted by the lead frame on the lid when 

the leads are compressed during insertion into 

the board. 

Dual-in-line - sidebraze showed excellent package 

integrity but weaker interior post bonding relia- 

bility, due to the use of a gold/aluminum structure 

4.8 WIPEBOND DEGRADATION STUDY 

One of the failure modes often associated with thermal 

cycling sequences is open bonds.  It is also often assumed that 

the wire pull strength is affected by thermal cycling.  In an 

effort to learn more about these possible effects, a wirebond 

pull strength vs thermal cycling study was performed. 

The test plan flow used is given in Figure 4-52. 

Following each stress step, any electrical or hermeticity failures 

found were removed, decapp^d and held for wire pull.  If no end 

point test failures were noted, two devices were pulled at random 

for the wire pull sample. The sample plan is given in Table IV-25 

4.8.1 End Point Test Results 

l 

The results of the End Point Tests (EPT) were the first 

to show the strong vendor-to-vendor difference and the severe 

effect of thermal shuck on package integrity. The hermeticity 

results are shown in Tables IV-26 and IV-27, the mechanical 

results separately in Tables IV-28 and IV-29, and the electrical 

results in Tables IV-30 and IV-31. 

The same temperature extremes were used for both the 

Thermal Shock (Method 1011C) and Temperature Cycling (Method 
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TEMPERATURE 
CYCLE 
toioc 

LEAK TEST 
FL   ft   QL 

„ 
DC 

ELECTRICAL 

SELECT" 
SAMPLES 
VENDORS 
5,7,8,9,10,11 

SERIALIZE 
(MARK) 

DC 
ELcCTRICAL 

LEAK  TEST CORRELATION 
SAMPLES 

THERMAL 
SHOCK 
ION C 

LEAK  TEST     | 
FL «  OL jj 

- 
DC 

ELECTRICAL 

READ A RECORO 

WIRE  PULL 
VALUES 

F A 

L 

DATA 
ANALYSIS 

ft   REPORT 

Figure 4-52.  Basic Wire Pull Degradation Test Plan 

4-154 

•a 
——--— -    •»-—* T/tarn 'II'MMlIQI ^ 



PACKAGE STYLE (All 14 Lead) 

FLAT DUAL IN-LINE 

Metal Ceramic Ceramic Ceramic Ceramic Sidebraze 

Vendor   «> 5 7 8 9 10 11 

Correl. 
T 

n=5 

T 

n«5 

T 

n=5 

T 

n=5 n=5 
T 

n=5 

u=1010C 
V-1011C 

u 
V 

u 
V 

u 
V 

u 
V 

u 
V 

u 
V 

ss - 
EPT 

15 15 15 15 15 15 15 15 15 15 15 15 

30N, EPT 
Remove for 
Wire Pull 

•k 2 * 2 * 2 * 2 >v 2 • 2 

60N, EPT 
Remove for 
Wire Pull 

4 2 4 2 4 2 4 2 4 2 4 2 

120N, EPT 
Remove for 
Wire Pull 

2 2 2 2 2 2 2 2 2 2 2 2 

240N, EPT 
Remove for 
Wire Pull 

2 2 2 2 2 2 2 2 2 2 2 2 

5ION, EPT 
Remove for 
Wire Pull 

2 2 2 2 2 2 2 2 2 2 2 2 
i 

1020N. EPT 
Remove for 
Wire Pull 

2 2 2 2 2 2 2 2 2 2 2 2 

* These units rot removed until after 60 cycle step. 

EPT - DC Electrical 
-8 

± Helium Fine Leak (Method 1014A), 1 x 10  acm cc/sec. 

- Full Fluoro Carbon (Method 1014C) , with vacuum and bomb cycle. 

TABLE IV-25 

Wirebond Degradation Sample Plan 
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j 
Lot U     Temperature Cycling (1010C, -65°C/+150°C) 

Hermeticity Failures vs Sample Size at Step 

Vendor 

# S.S. 

No. of Cycles Total 
Hermeticity 
Failures 30 60 120 240 510 1020 

(0 
u 
r-i 
fa 

5 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

7 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

M 
Q 
Ü 

8 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

9 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

10 15 0/15 0/15 0/11 0/9 0/7 0/5 0 
CO 11 15  |0/15 0/15 0/11 0/9 0/7 0/5 0 

0/90 

07. 

0/90 

07, 

0/66 

07, 

0/54 

07. 

0/42 

07, 

0/30 

07c 
L_.„ _ -._ 

0 

TABLE  IV-26 

Lot V       Thermal Shock -  (1011C, -65°C/+150°C) 

Hermeticity Failures vs Sample Size at Step 

Vendor 

# S.S. 

No. of Cycles Total 
Hermeticity 

Failures 30 60 120 240 510 1020 

(' 

In 

5 15 0/15 0/13 0/11 0/9 0/7 0/5 0 

7 15 0/15 0/12 0/10 0/8 0/6 0/4 0 

M 
Q 

8 15 0/15 6/13 4/7 0/3 —   10 

9 15 0/15 1/13 0/11 C/9 1/7 0/5 2 

10 15 1/15 3/13 0/9 2/7 2/5 1/3 9 
ra *1 

in 11 15 0/15 0/13 0/11 C/9 0/7 0/5 0 

1/90 jlO/77 

1.117,(12.987 

4/59 

6.787. 

2/45 

4.447, 

3/32 

9 .387. 

1/22 

4.57, 21 

TAIiLci  IV-27 
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Lot U     Temperature Cycling (1010C, -65°C/+150°C) 

Mechanical Failures vs Sample Size at Step 

Vendor 

# S.S. 

No. of Cycles Total 
Mechanical 

Failures 30 60 120 240 510 1020 

a 
i- 

u. 

5 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

7 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

M 
P u 

p: 

- .W 

8 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

9 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

10 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

11 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

0/90 

0% 

0/90 

07, 

C/6C 

07, 

0/54 

07. 

0/42 

07. 

C/30 

07. 

TABLE  IV-28 

Lot V        Thermal Shock (1011C, -65°C/+150°C) 

Mechanical Failures vs Sample Size at Step 

Vendor 

5 

S.S. 

No. of Cycles Total 
üechanical 

Failures 30 60 120 240 510 1020 

U 
«1 

15 0/15 0/13 0/11 C/9 0/7 0/5 0 

7 15 0/15 0/12 0/10 0/8 0/6 0/4 C 

(X. 

u 

8 15 0/15 0/13 0/7 0/3 — — 

9 15 0/15 0/13 0/11 0/9 0/7 C/5 0 

10 15 0/15 1/13 0/9 0/7 0/5 1/3 o 

1 °3i 
V) 11 15 0/15 0/13 0/11 0/9 0/7 0/5 0 

0/90 1/77 0/59 0/45 0/32 1/22 

07. 1.31 07, 0.07. 0s. 4.57. 

1 ABLfc IV-29 
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Lot U     Temperature Cycling (1010C, -65°C/+150°C) 

Electrical Failures vs Sample Size at Step 

Vendor 

S.S. 

No. of Cycleö Total 
Electrical 

Failures 30 60 120 240 510 1020 

CO 
4J 
CO 
r-l 
CM 

5 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

7 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

•H 

U 

c/1 

8 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

9 15 0/15 1/15 0/11 0/9 0/7 1/5 0 

10 15 0/15 0/15 0/11 0/9 0/7 0/5 0 

11 15 0/15 0/15 0/11 0/9 1/7 0/5 1 

0/90 

o°/. 

1/90 

1.17 

0/66 

07 

0/54 

07 

1/42 

2 .47c 

1/30 

3.37 

TABLE  IV-30 

Lot V        Thermal Shock (1011C, -65°C/+150°C) 

Electrical Failures vs Sample Size at Step 

Vendor He. of Cycles Total 
Electrical 

Failures S.S. 30 60 

0/13 

120 240 510 1020 

CO 5 15 0/15 0/11 0/9 0/7 0/5 0 

7 15 0/15 0/12 0/10 0/8 0/6 0/4 0 

O 

6 15 0/15 0/13 0/7 0/3 — 0 

9 15 0/15 0/13 C/ll 0/9 0/7 0/5 0 

10 15 0/15 0/13 0/9 0/7 Ü/5 0/3 c 

11 15 0/15 0/13 0/11 0/9 0/7 1/5 1 

0/90 

07 

0/77 

07 

0/59 

07, 

0/45 

07 

0/32 

0% 

l/?2 

4.57 

TABLE   IV-31 
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iOlOC, -65°C/+150°C).  See Figure 4-53. The length of time at 

each extreme varied from 5 minutes for thermal shock to a minimum 

of 10 minutes (at stabilization) for temperature cycling.  The 

major difference in stress was due to the much greater "glass 

strain" of the liquid-to-liquid thermal shock compared to the 

air-to-air temperature cycle. 

4.8.1.1  Hermeticity Results 

Table IV-26 indicates all lots sustained 1020 cycles 

of temperature cycling without any hermetic failures. However, 

the liquid-to-liquid thermal shock results of Table IV-27 show 

significant failures in the ceramic dual-in-line packages only 

and within this package style, significant differences between 

Vendor 8 and 9 and between 10 and 9. Tables IV-28 and IV-29 

show mechanical fallout - packages which fall apart when handled. 

Within the CDIP packages, Vendor 9 has the strongest 

package. This vendor uses a more elaborate locking lead frame 

and better glass and glass seal schedule than the other vendors. 

Since Vendor 8 sustained most of his failures early, it is believed 

that Vendor 8 has the weakest CDIP package. 

- 

The distribution of gross leak hermeticity failures 

was studied using Hazard Plotsv /,v ' .    After attempting to find 

a good fit of the data to several different distribution functions, 

the best fit was obtained using Normal paper. This result is given 

in Figure 4-54. 

* The Vendor 8 samples had gross leak failures at two 

readouts. The Vendor 9 sample has only one point. The Vendor 10 
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sample had gross leak failures at all readouts, allowing a 

reasonable estimate to be made of the failure distribution and 

subsequent statistics.  There appears to be a double distri- 

bution in Vendor 10. The curve above approximately 60 cycles, 

fits the normal distribution very well.  (Note:  The curves 

fit both normal and exponential about the same.  The normal plot 

was picked to allow comparison with results in Section 4.9.2,1.) 

From the slopes of the lines, the following statistics 

are obtained: 

GROSS LEAK MODE 

Thermal .Shock 1011C 

Failure Rate (%/Cycle)* 

Mean Cycles to Failure* 

Actual MCTF (Observed) 

CDIP VENDORS 

ve V9 V10 
l.ii 0.026** 0.135 

90 3783** 740 
135 3783** 630 

*Note:  Based upon exponential failure distribution with no 

offset.  (Plot not shown.) 

**Note: Estimated. 

It is obvious that there were gross differences in 

hermeticity results following thermal shock, Method 1Ö10C.  The 

failure rate is constant (for Vendor 10) and assumed constant 

for Vendors 8 and 9. These failure rates and mean cycles to 

failure vary by an order of magnitude from vendor to vendor. 

Both Vendors 8 and 10 appear to have an offset or "freak" distri 

bution for the first 60 cycles. 
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4.8. End Point Test Conclusions 

4.8.2.1 Temperature Cycling vs Hermeticity (Table IV-26) 

(1) There are no obvious differences in response 

between vendors or between package styles. All 

vendors and packages could withstand air-to-air 

temperature cycling without sustaining hermeticity 

rejects, fine leak or gross leak. 

4.8.2.2 Temperature Cycling vs Electrical (Table IV-30) 

(1) 

(2) 

(3) 

(A) 

Flat packages had no rejects. 

CDIP packages had two random failures in one 

vendor only (Vendor 9). 

Sidebraze DIP package had a random failure in 

both the temperature cycling and thermal shock 

groups. 

Temperature cycling tends to stress wire and 

chip bonds more than the package integrity itsei 

4.8.2.3  Thermal Shock vs Herneticity (Table IV-27) 

(1) 

(2) 

(3) 

(4) 

Thermal shock is a severe test of the package. 

A large number of hermeticity rejects were obtained 

in the CDIP packages only. 

There were distinct differences from vendor-to- 

vendov with Vendor 9 having the strongest package 

and Vendor 8 the weakest.  Vendor 10 was ir. between 

Flats and sidebraze DIP performed well in this 

sequence,  both these package styles are small arc 

lighter with much less ceramic mass than the CDIPS. 
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(5) The distribution of gross leak failures for 

Vendor 10 i6 composed of an initial failure 

distribution and a main exponential failure 

distribution, with a constant failure rate 

of 0.135%/cycle. 

(6) Leak testing is not as precise an end point as 

we would like.  Fine leakers tend to become 

gross leakers eventually but not all fine leakers 

repeat or can be verified. 

4.8.3    Wire Pull Degradation 

As shown in the test plan, Table IV-25, two devices 

fron each vendor/package were pulled and held for decapping and 

wire pull.  Some decap problems were experienced. This was 

expected but was difficult to avoid. The result was that not 

all wires from all samples were left undamaged by the decap pro- 

cess.  Table IV-32 shows the distribution of wires damaged during 

decapping. A study of this table shows that: 

(1) 

(2) 

(3) 

Thermal shock caused mere wire losses at decap 

than temperature cycling (8.87c vs 3.47%). 

The percent of wires lost increased with the 

number of cycles. 

The sidecraze package was the least problem. 

It shows the least interaction between type and 

length of stress and difficulty with decapping. 

Since this package had a soldered lid, decapping 

did not interact with the plane of the lead 

frame as it does with the CDIP package. 
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DISTRIBUTION OF WIRES DESTROYED DURING DECAP 

Ü 

CO 
H 
1 

u 
0 

c 
> 

Stress 

No. of Cycles 

Ratio 
% 

Loss 
30 60 

1. 
0 

1 

120 

0 
0 

0 

240 510 1020 

5 

T.C. 
T.S. 

Total 
Correl.* 

1 

1 

2 
0 

2 

1 
0 

1 

0 
6 

6 

4/168 
7/168 

11/336 
26/70* 

2.38 
4.17 

3.27 
37.14 

7 

T.C. 
T.S. 

Total 
Correl.* 

0 

0 

5 
0 

5 

1 
1 

2 

2 
0 

2 

0 
0 

0 

7 
0 

7 

15/168 
1/168 

16/336 
7/70* 

8.93 
0.60 

4.76 
10.00 

TOTAL 1 6 4 1 13 27/672 4.02 

04 
M 
Q 
U 

to 

8 
T.C. 
T.S. 

Total 
Correl.* 

* 
0 

0 

0 
* 

0 

0 
* 

0 

0 
* 

0 

0 
* 

0 

0/168 
*. 

0 
14/70* 

0 
* 

0 
20.00 

9 

T.C. 
T.S. 

Total 
Correl.* 

1 

1 

4 
4 

8 

2 
10 

12 

3 
8 

11 

4 
13 

17 

3 
7 

10 

16/168 
43/168 

59/336 
13/70* 

9.52 
25.60 

17.56 
18.59 

10 

T.C. 
T.S. 

Total 
Correl.* 

0 

0 

0 
3 

3 

0 
5 

c 
J 

0 
7 

7 

0 
4 

4 

0 
4 

4 

0/168 
23/168 

23/336 
31/70* 

0 
13.69 

0.85 
44.29 

11 

TOTAL 1 11 17 18 21 14 82/840 9.76 

0 
0 

T.C. 
T.S. 

Total 
Correl.* 

0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0/168 
0/168 

0/336 
0/70* 

0 
0 

GRAND TOTAL 2/140 17/476 19/308 22/308 22/308 27/308 109/1648 5.89 

7. 1.43 3.57 6.17 7.14 7.14 8.77 

T.C. -- 10 3 
1 ! 

7 
i     i 

5 10  1  35/1008 3.47 
T.S. 2 7 16 15 17 17  |  74/840 8.81 

*A11 Devices Destroyed During Decap. 

TABLE IV-32 
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(4) Vendor 9 (CDIP) has the strongest package and 

the hardest to open.  Consequently, when this 

package was decapped, the lead frame tended to 

come out of the glass at the same time, thereby 

causing damage to the attached wirebonds.  This 

resulted in a loss of 17.56% of the wires for 

this vendor. 

C5) More failures occurred in the correlation samples 

than in the test groups since these were the 

first ones decapped and therefore because part 

of the "learning curve". 

4.8.3.1  Wire Pull Procedure 

All decapped wire pull samples were held until they could 

be wire pulled at one time. All samples, including the correla- 

tion devices, were wire pulled using the same electronic Transmetric 

Wire Pull Machine and the same operator.  The machine has a linear 

0-10 gram range and exerts a force on the wire at a constant rate 

of 3.3 gm-f/sec.  The hook has a diameter of 10.0 mils.  The hook 

is free to swivel and rotate.  The pulls were made at or near the 

center of the wire in a vertical direction.  The package was held 

flat by a vacuum fixture.  No attempt was made to level the pad to 

post plane for each wire.  The wire pulls were completed by vendor/ 

package set (i.e., U8, V10, U5 etc).  The correlation devices were 

pulled first, in order, starting with the lowest serial numbered 

unit within the vendor/package group selected. Next, a vendor/ 

package group (not necessarily the same vendor/package) was selected 

at random and within this set a unit was selected at random.  All 

available wires on this unit were pulled, the pull strength, failure 

mode and wire number noted on the data form opposite its serial 
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number. After all wires were pulled, another device vas selected 

at random from the same group and its wires were pulled.and the 

data logged. After all samples within the vendor/package group 

were pulled and logged another vendor/package group was selected 

at random.  In this way, the order of the wire pull data was 

randomized, thus randomizing the measurement error. 

Between Vendors (U8, U9, U10 etc) Random 

Between Stresses (T.C/T.S) Random 

Between No Cycles Random 

Between Devices Random 

Between Wire no. ' s within devices Semirandom 

All reading nested within a vendor/package group are randomized. 

"Semirandom" for wires means the wires were normally pulled in 

some kind of order but not necessarily starting with pin 1 and 

ending with 14. 

4.8.3.2 Data Reduction 

A iescription of the Data Analysis is given in the 

Appendix. 

4.8.3.3 Construction Differences 

Table IV-33 gives internal wire length comparison data 

and Table IV-34 gives wire bonding identification information. 

4.8.3.4 Mean Pull Strength Analysis 

The first analysis was a three-way analysis of variance 

This Anova was restricted to only Vendors 7, 9, 10 and 11, and 

only cycles 60 through 1020 in order to have a balanced completed 
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INTERNAL WIRE LENGTH (TYPICAL) 

u 
o 
-o 
c 
> 

5 

V.o. 
Wires 

14 

Mean 
Length 
Mils 

Standard 
Deviation Longest Shortest Range Type 

49.93 12.56 66 20 46 M. Flat 

7 14 56.57 4.65 62 50 12 Cerflat 

8 14 71.00 9.80 83 53 30 Cerdip 

9 14 67.64 14.70 93 37 56 Cerdip 

10 14 69.64 14.47 96 45 51 Cerdip   i 

11 14 104.29 16.02 124 74 50 Sidebraze 

Note;  All Devices were 5400 TTL Gates. 

Table   IV-33 
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matrix with one value per cell (the mean).  Vendor 5, using gold 

ball bonds, was excluded since these wire pulls were almost twice 

as high as the others. All the others in the comparison used 

1 mil diameter aluminum ultrasonic bonding. Vendor 8 and 3C 

cycles data were not used because of missing cells. 

The Anova results are given in Table IV-35.  As indi- 

cated, there is a strong "between cells" interaction and "package 

vs cycles" interaction.  Any conclusions about these main effects 

cannot be made until these interactions are resolved since any 

observed main effects could be due to the interaction. 

The Analysis Of Means   for the B x C interaction is 

given in Figure 4-55. 

This method of analysis shows the cells with abnormally 

low readings are Vendor 9/120 cycle and Vendor 10/240 cycles; and 

the cells with abnormally high values are Vendor 9/510 cycles and 

Vendor 10/1020 cycles. Vendors 7, 9, and 10 show significant 

overall vendor-to-vendor differences. Only the 510 cycles point 

is out of limits on the analysis of cycles plot. 

The overall conclusion from this analysis is that sample 

error is responsible for these cell-to-cell variations since 

separate samples had to be pulled for each cell. Therefore, the 

standard analysis of variance is not usable. 

It is still believed that a trend does exist in mean 

pull strength vs amount of thermal cycling. The data was rcplotted 

four ways: 

(1)  Mean pull strength vs No. cycles (Figure 4-56) 
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I 

AVWPQ 

THREE WAY  ANALYSIS OF VARIANCE 

WIRE PULL STRENGTH..GRArfS   FORCE 

SOURCE OF VARIATION SS DF           MS              F 

STRESS METHODS A 0.47 1          0.47         0.92 

VENDOR/PACKAGE B 34.71 3       11.57       22.42    •*   ö.t  % 

NO OF CYCLES ..C 7.79 4         1.95         3.77     **   OS\ 

PKG VS METHOD A*B 0.09 3         0.03         0.06 

CYCLES  VS METHOD...A*C 4.01 4         1.00         1.94 

PKG VS CYCLES .B*C 24.41 12        2.K3         3.94   *   0.£ % 

BETWEEN CELLS....A*B*C 17.90 12         1.49        2.89     *0.£% 

RESIDUAL  ERROR........ 564.64 1094         0.52 

TOTAL SUM OF SQRS  654.01 1133 

THE POOLED MS  (RESIl»A*B*C)r 0.53 
THE POOLED DF=                                 1106 

TABLE  IV-35 
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(2) Mean pull strength vs hours at +150°C 

(Figure 4-57) 

(3) Mean pull strength vs log (cycles) 

(Figure 4-58) 

(4) Mean pull strength vs log (hours at 150 C) 

(Figure 4-59) 

A slight trend does exist both with Vendor 5 (metal 

flat pack - gold ball bonds) and without Vendor 5. 

There is a degradation in wirebond puil strength due 

to thermal cycling.  It is not obvious whether this degradation 

is linear with cycles, linear with log cycles, linear with hours 

at 150CC, or linear with log-hours at 150°C. Greater degradation 

occurs in the temperature cycling cells than in the thermal shock 

cells as noted in Table IV-36. Also greater degradation occurs 

to devices with goId-aluminum bonds (Vendors 5 and IX) than to 

Che other CDIP devices. 

4.8.3.5  Failure Modes Analysis 

Tables WPFM (see Appendix) list all the statistics 

available on mode of failure for each cell of tne wire degradation 

samples. These data are plotted two ways: Vs log cycles and 

Vs Log (Hours @ 150°C) for percent BD (Break at the heal of the 

wirebond to the Die), percent CW (Center Wire between the two 

heals) and percent BP (Break at the heal of the Post Bond). The 

percent LD (Loose at the Die bond) and percent LP (Loose at the 

Post) were also investigated. 
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SLOPES AND CORRELATION COEFFICIENT 

Mean Pull Strengths 

.Vendor 
Temperature Cycling, 

(1010C) 
Thermal Shock 

(1011C) 
Combined 

Slope 
gm-f/Log C 

Correl. 
Coef. 

Slope 
gtn-f/Log C 

Correl. 
Coef. 

Slope 
gm-f/Log (' 

5 -0.039 0.12 -0.464 0.45 -0.276 

7 -0.325 0.82 +0.007 0.003 -0.159 

o -0.356 0.56 +0.079 0.15 -0.138 

10 +0.295 0.42 -0.139 0.33 -0.078 

11 -0.426 0 70 -0.214 0.92 -0.320 

Overall -0.181 0.95 -0.146 0.69 -0.343 

TABLL   IV-36 
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4.8.3.5.1 Percent LP 

There were only 0.587, LD and 0.23% LP in all samples 

combined. All of the LD's occurred only on Vendor 11 from 240 

cycles through 1020 cycles with 14.81% of the sample having bonds 

pull loose at the die at the 1020 cycle of temperature cycling. 

See Figures 4-60 and 4-61. 

Each vendor is independent; i.e., his samples were 

made at different times by different operators from different 

material than someone else's sample.  Since LD's only occurred 

on Vendor 11, the first conclusion was that this problem is unique 

to that particular lot of material. 

Further microscopic investigation at 100 x - 400 x using 

Nomarski phase contrast objectives were made of the six failed 

devices. Comments on this investigation are presented below: 

Comment 

Pulled pad metal and big hole 
in silicon. 

1 hole in silicon under toe of 
boM point. 

2 holes in silicon under toe 
and heal of bond point. 

2 holes in silicon under toe 
and heal of bond point, 

Moating - glass on pads - glass 
under pad visible. 

Moating - glass on pads - glass 
under pad visible. 

Glass on pads - glass under pad 
visible. 

Glass on pada. 

"LP" Failures 

S/K Group Cycle Pin # P/S 
325 Uli 240 12 3-1 

343 Uli 1020 10 2.5 

13 1.4 

219 Vll 510 1 2.2 

* 
324 Uli 1020 6 2.0 

- 
• 

1 1.3 

227 Vll 510 8 1.7 

341 Uli 510 8 0.4 
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! 
All devices had dark "mudflat" bonding pads.  All bonds 

to die bonded showed some evidence of high ultrasonic bond energy 

and/or pressure (moating). All devices failed, leaving some pad 

metal under the center of the bond. 

Therefore, it can be concluded that these devices failed 

due to faulty wirebonds made through glassivation not completely 

removed from the bonding pads.  Since there was glass on the pads, 

higher than normal bonding energy had to be used, resulting in 

ultrasonic "moating" and damage to the pad itself.  It is sus- 

pected that the initial microcracks under the bonds into the glass 

and silicon were made during bonding and aggravated by the thermal 

cycling. The bonds that did have the highest pull strengths 

(within these 8 readings) also pulled chunks of the pad metal and 

silicon whereas the lower pull strength samples left exposed glass 

under anc on pads. The 0.4 gm-f sample (S/N 341) had the greatest 

amount of obvious glass on the bonding pad. 

The mechanism of failure is thought to be due to the 

difference between the relatively high expansion and contraction 

of the aluminum bond and pad (18-26 x 10 /°C) compared to the r.uch 

lower expansion and contraction of the glass layer (or wedge) 

between the bond and pad (0.8 - 1.3 x 10 /°C). The glass contains 

or restricts the expansion and contraction of the normal bond/pad 

interface, causing microfracture to occur in the aluminum during 

thermal cycling - thereby resulting in degradation in pull strength 

faster at this interface than at the heel of the bond. The major 

damage should occur during the low temperature excursion (to -65°C) 

since the aluminum is trying to contract more than the glass will 

let it - resulting in a "pulling apart" of the aluminum-to-aluminum 

interface. 
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4.8.3.5.2 Percent BD 

Break at the die bond was the most common failure mode 

with some 38% of the bonds exhibiting this failure mode. Figure 

4-62 and 4-63 show that no strong trend is evident for this failure 

mode vs cycles or time. 

Ihere were large differences in percent BD from vendor 

to vendor. These range from 63% (Vendor 9) to 22% for Vendor 10, 

both CDIP with 1 mil aluminum ultrasonic bonding. Except for 

Vendor 10 percent BD was more likely than percent BP. This was 

especially true for Vendors 5 and 9. 

4.8.3.5.3 Percent CW 

Center wire breaks, breaks in wires between the heels 

of the bonds, occurred approximately 35% of the time. 

The plots in Figures 4-64 and 4-65 show the behavior of 

percent CW with number of cycles and with time at temperature 

extreme. No trend is apparent throughout the range of this test. 

Again there were gross differences between vendors on 

percent CW. Vendor 5, using 1 mil gold ball bonds, had twice 

the percentage of center wire breaks (75%) as any of the aluminum 

wire samples (36%). Vendor 11, sidebraze DIP, using 1 mil 

aluminum wire, appears to be more stretchable than the aluminum 

as well as having a ball bond on the die. The ceramic dual-in- 

line packages undergo sealing temperatures between 450 - 50C°C 

which causes some annealing of the wire and bonds. Vendor 11 

uses a solder sealed lid, attached at about 325°C. 
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Consequently, this product does not see the annealing 

temperature extremes of the CDIP and thus has far fewer center 

wire breaks.  (Both Vendor 10 and 11 are known to use the same 

aluminum ultrasonic wire and same bonding machines and bonding 

schedules.) 

4.8.3.5.4 Percent BP 

Percent break at the post bond is plotted in Figures 

4-66 and 4-67. As with the other failure nodes studied, there 

is no trend effect on this failure mode due to extended thermal 

cycling or time at temperature extremes over the range of test 

conditions studied. 

4.8.3.5.5 High/Low Values 

The most conclusive data showing the degradation of wire- 

bond strengths with temperature cycling or thermal shock was found 

by studying the number of low pulls, their lowest values and size 

of the low pull strength distribution.  Figure 4-68 and 4-69 show 

Che response of the highest and lowest values observed over the 

1020 thermal cycles and 204 hours at temp extremes. Thermal 

cycling does not affect the highest value of pull strength observed 

but defixiitely affects the lowest value observed.  The trend seems 

to be associated with the increasing number of cycles more than 

accumulated time at temperature extremes. Although there was a 

continuous steady degradation from the beginning, zero pulls were 

not observed prior to the 510 cycle step. There was no obvious 

difference in response between the gold ball bond sample, the all- 

aluminum CDIP and sidebraze DIP.  Vendor 7, C Flat, was definitely 

the best performer, and Vendor 11 and 5 the most likely to have 
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zero pulls. Vendor 9 showed susceptibility to have zero pulls 

with Vendor 10 having none. The following table (Table IV-37) 

clearly shows these results. The distribution of low values 

observed have these mean and standard deviations.  There were 

N * 11 values for each vendor used - one from each cell. Vendors 

11 and 5, the ones with the greatest probability of having zero 

pulls, have gold/aluminum bonds. Vendors 7, 9, ana 10 have all 

aluminum bonding systems. Vendor 9 had "black" posts - possibly 

indicative of extensive oxidation of the post aluminum. None of 

the other vendors showed any signs of "black" posts. There was 

evidence of aluminum directly under each of Vendor 9's post bonds. 

4.8.3.5.6 Percent < 0.5 Gm-f 

If pull strength degraded with increase in stress, there 

should be more values with very low readings as time passed. This 

is surely the case as shown in Figures 4-70 and 4-71.  Here are 

plots of the percentage of values less than or equal to 0.5 gm-f - 

the extreme lower tail of the distributions. 

There were no values below 0.5 gm-f for the first 240 

cycles; then a positive increase in low values occurred.  Again, 

the best fit seems to be associated with increase in number of 

thermal cycles. 

All failures occurred with Vendors 5, 9, and 11, the same 

ones shown to have the most susceptibility to zero pulls in the 

Hi/Low evaluation.  In this case, though, additional interestirg 

information surfaced. On Vendors 5 and 11, the failures occurred 

as BP, Break at the Post, and on Vendor 9, BD, Bread ac the Die. 
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Distribution Statistics of "Lowest" Pull Strengths 

Vendor Mean S.  Dev. x • (        )s 

5 3.53 1.76 x * 2.01 s 

7 1.84 0.29 X - 6.34 s 

9 1.49 0.64 X   • 2.33  * 

10 1.52 0.43 X   • 3.53 s 

11 1.46 0.83 x •* 1.75 s 

TABLE IV-37 
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In all cases, there was no evidence of damage or displacement 

of the wires prior to obtaining the zero pulls.  All these zero 

pulls are considered true "zero" pulls and are not the result 

of the decapping operation.  Also, all of these failures were on 

the longest wires in the package.  In the case of Vendor 11, 

all failures were associated with the gold/aluminum ultrasonic 

post bond; whereas with Vendor 5, the failures were not associated 

with the gold-aluminum bond but with the gold-to-gold "wedge" 

type post bond. 

The overall conclusion must be that thermal cycling does 

lead to wire bond strength degradation and that the degradation 

affects the longest (end) wires first.  The probability of zero 

strength following thermal cyclxng in greater if the bonding 

system has a wedge or capillary type bond, rather than a ball type 

bond. 

4.8.3.5.7 Percent < 1.5 gm-f: 

Although not as obvious as the % <  0.5 gm-f response, 

the X <_  1.5 gm-f, Figure 4-72 and 4-73, also show evidence of 

wirebond strength d 6radation.  The tables show that there were 

some 467o more wire pull strengths <   1.5 gm-f in the temperature 

cycling groups as in the thermal shock groups. 

The following analysis E »hows how t hey compare: 

7, < 1 5 gm-f 

-65/+150uC 60c 1* 20c Ave. Diff. Ratio 

Temp. Cycle 
Thermal Shock 

1.84 
2.26 

6.22 
3.25 

4.03 
2.76 1.27 

Ave. 2.05 4.73 

Diff 
Ratio 

2.68 
2.30 
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This table indicates that the thermal shock groups had a greater 

number of % <_  1.5 gm-f than did the temperature cycled groups 

at 60 cycles.  By the end of 1020 cycles, this relation had re- 

versed itself. The temperature cycled groups now had much more 

product less than 1.5 gm-f than did the thermal shock groups. 

4.8.4    Overall Conclusions From Wirebond Degradation Study 

When integrated circuits, packaged in metal flat packs, 

ceramic flat packs, ceramic dual-in-lines or sidebraze ceramic 

dual-in-line packages are subjected to either -65 C/+150 C temp- 

erature cycling or thermal shock, degradation of the hermetic 

seal and wirebonds can result. This degradation starts from the 

first cycle and is progressive as the number of cycles is increased. 

If enough cycles are attempted, catastrophic failure will result. 

In general, air-to-air temperature cycling affects wire- 

bonds and wirebond strength.  Liquid-to-liquid thermal shock affects 

the hermeticity of the package and to a lesser extent the wirebond 

strength.  In almost all cases, flat packs did better than dual-in- 

line ceramics, and sidebraze DIP did better than, standard ceramic 

DIPs. 

Within the ceramic dual-in-line samples, there were 

large vendor-to-vendor differences in response. Vendor 9 had the 

strongest package but weakest bonding. Vendor 8 performed so 

poorly, it is suspected that our sample was not representative 

of this vendor's true reliability. Vendor 10 had a weak package 

seal but good wire bonding. 

The CERFLAT, Vendor 7 was the best performer across the 

board. This package had no hermetic, mechanical, or electrical 

failures throughout 1020 cycles of temperature cycling or thermal 
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shock and also had ro zero wire pulls. The standard deviation 

of wirebond strength was the second lowest value, 0.72. This 

overall good performance is attributed to the following iactors: 

(1) Small Size:  Therefore smaller expansions of 

the lead frame, body and lid during thermal 

cycling. 

(2) Less ceramic mass:  Change temperature more 

easily - distribute temperature around and 

through package more uniformly. 

(3) Shorter wires: The average wire length was only 

56.57 mils with a range of only 12 mils.  (The 

next smallest range was Vendor 8 with 30.) 

(4) Square Package:  Minimizes expansions and con- 

traction extremes normally associated with long 

narrow packages.  Also allows wires to be more 

nearly the same length. 

If a wedge type bond is thermally cycled, it will probably 

fail before a ball bond and if it is a gold/aluminur. wedge type 

bond, it will fail more often than an aluminum/aluminum bond. 

Gold wire is heavier and softer than aluminum. There 

are significantly more center wire breaks with the gold wire than 

with aluminum wire.  When aluminum wire is used, it is anr.ealled 

by the high capping and therefore yields more center wire breaks. 

The fewest center wire breaks occurred on the sidebraze DIP sealed 

at a much lower temperature. 

The longer the time at temperature extremes, the greater 

the degradation of the wirebond strength.  The rate of charge of 

temperature appears to have little effect on wirebond strength 

but a pronounced effect on henneticity and seal strength. 
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Unfortunately, since separate samples had to be pulled 

at each step, the "sample" variations masked any obvious break 

point in the fallout vs cycles response which might indicate a 

logical 1007o screen specification. 

4.9      SEAL STRENGTH - TORQUE 

From previous experiments, there was reason to believe 

that the glass to ceramic seal used on ceramic dual-in-line packages 

would be weakened by exposure of the parts to thermal cycling.  It 

was further proposed that liquid-liquid thermal shock would cause 

more degradation of the seal strength than would air-air temperature 

cycling since the ceramic and glass parts would be forced to change 

temperature faster than the thermal response time of the system 

would allow. Of particular interest was whether Thermal Shock, 

Method 1011, Condition A, 0°C to 100°C, would cause degradation 

of the seal strength since this condition has been specified for 

use as a 100% screen on high reliability integrated circuits in 

the past. With this in mind, the following test plan (Figure 4-74) 

was proposed and executed. 

4.9.1    Procedure 

(1) The device is placed in the fixed holding chuck, 

lid down. 

(2) The chuck is hand-tightened so as to just hold 

the lid without wobble. 

(3) The upper socket is lowered over the base and 

rotated slightly until it seats 

(4) The torque wrench indicator is set to zero. 
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(5) 

(6) 

(7) 

The torque is applied slowly (approximately 10 

inch - lbs/second) until the device fails or the 

BftxittUiH reading on the torque wrench is reached. 

If the device failed» the torque value is 

recorded.  If the device did not fail, it was 

removed and retested later using a higher range 

torque wrench. 

All torque testing was done by the same operator 

using the same equipment and same torque wrenches 

All wrenches had valid calibration stickers. 

TQHOUC  FOftCE 
4> 

"täSO». 
rAGTSSs 

I 

HOLDING CHUCK FORCE 

Because of the difficulty with fixturing, only CERDIPS are torcued 

4.9.2 End Point Test Results 

The end point tests included hermeticity, DC electrical, 

meclsni al fallout, and torque test results. 

4.9.2.1  Hermeticity Results 

i 

As the result of subjecting these parts to Thermal Shock, 

Method 1011A (0 - 100°C), rather than Condition C, all hermeticity 

fixtures in this test were helium leak failures, > 1 x 10 ' atm cc/ 

sec. Only one gross leak failure occurred - Vendor 8 at 1005 

cycles. This result is significantly different from those found in 

Section 4.8 where the parts were subjected to test Condition C 

4-175 
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-
Lot v Seal Strength Degradation (1011/1, 0°C/100°C) , .. 

liermeticity Failures vs Sarr,ple Size at Step 

V1•rdor No. of Cycles -
t:: c --: 15 . 45 90 495 ' 

to..l. ~. 

n 50 3/50 4/M' 23/ 30'1< 2/2(1 () 

--
9 so 0/50 0/ Lf0 G/30 0/20 

10 50 4/50 4/40 9/30 8/20 

7/150 8/120 31/90 10/60 
[f. 7% 6.7"/, 34.4/: 16. n. 

*Indicated fine leakers: 13/23 remainect with lot 

Lot X 

Vendor 

if.! 

8 

9 
-

10 

TABLE IV-38 

Seal Strength Degradation (lOllA, 0°C/100°C) 
Electrical 

s.s. 

50 

50 

50 

15 

0/50 

0/50 

0/50 

0/150 
0% 

Failure~ vs Sample 

No. of 
Lf5 

0/ Lf0 

0/40 

0/40 

-0/120 
07. 

Cycles 
90 

0/30 

0/30 

0/30 

0/90 
0% 

TABLE lV-39 

Size at Step 

495 

0/20 

0/20 

0/20 

0/60· 
0% 

Total 
Hermcticity 

1005 Failures 

2/9 3Lr 

0/10 0 

4/10 20 

6/29 
20. 7~~ 

Total 
Electrical 

1005 Failures 

1/9 1 

0/10 0 

1/10 1 

2/29 
6. 9~~ 

BEST AVAILABLE COPY 
4·177 



Lot X    Seal Strength Degradation (1011A, 0°C/100CC) 

Mechanical Failures vs Sample Size at Step 

Vendor 

# S.S. 

No. of Cycles Total 
Mechanical 

Failures 15 45 90 495 1005 

M 

u 

8 50 0/50 1/40 0/30 1/20 1/9 3 

9 50 0/50 0/40 0/30 0/20 0/10 0 

10 50 0/50 0/40 0/30 0/20 0/10 0 

0/150 

07. 

1/120 

.87. 

0/3C 

07. 

0/20 

ox 
1/29 

3.47. 

TABLE  IV-40 
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- , 

/ 

seal degradation - microcracks in and around the glass, glass/ 

ceramic interface. The red dye did not penetrate completely 

into the package so the devices were not leakers.  It is evident, 

however, that thermal shock dees cause glass strain damage, to 

some extent, to all the CDIP device, 
i 
i 
|„     4.9.2.2  Electrical Results 

7 . 

Only two electrical failures occurred throughout the 
?       1005 thermal shocks. These were found at the 1005 cycle readout. 

This is consistent with previous results and indicates that thermal 

shock does not cause electrical failures to a significant extent. 

See Table IV-39. 

4.9.2.3 Mechanical Rasults 

Three mechanical failures w^re noted during this test 

sequence. All were Vendor 8 and were spaced out over the length 

of the cycling. The first was a broken external lead found at the 

45 cycle readout. The remaining two were fracture at the lead 

frame seal - causing the parts to fall apart when inserted into 

a socket.  See Table IV-40. 

4.9.2.4 Toraue Test Results 

Histograms of the torque values fror, samples X 8, X9, 

• and X 10 are plotted in Figure 4-77. This figure shows that 

Vendor 9 had the most consistant torque distributions except for 

one maverick (below 3 sigma limit) reading after 90 cycles. Most 

• of the torque values were above ^0 inch - lbs and only a few 

readings taken with the larger toi ue wrench were less than 50 

inch - lbs. This indicates the fir.: 50 inch - lb torque application 

4-181 
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did not weaken the seal so when ,.ie higher scale wrench was used, 

only value« greater than 50 inch - lbs were noted. With Vendor 8 

and especially Vendor 10, many readings less than 50 inch - lbs 

were noted after the device had initially passed a 50 inch - lb 

torque. This weakening of the seal upon application cf the 50 

inch - lbs torque affects the samples with the least cycles more 

than it does the samples with 1005 cycles. The thermal shock 

cycling seems to "stress relieve" the bonds in the glass which would 

otherwise have been weakened by the first torque application. 

Vendor 8 was the only one showing extensive seal strength 

degradation at 1005 cycles of 0 - 100°C thermal shock.  The normal 

bell shaped distribution seems to fall apart.  These low values 

were all first torque values. 

The data codes for these products were 

Vendor 8 

Vendor 9 

Vendor 10 

7150A, 7127A 

7025 

4.9.3    Degradation of Mean Torque Strength 

i 

The torque values are distributed in reasonably bell- 

shaped fashion so use of normal mean and standard deviation statis- 

tics will be valid. These statistics are given in Table IV-41. 

The overall mean torque values, average torque for all three vendors, 

a*-e plotted in Figure 4-/8, and the individual responses in 

Figure 4-79. 
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>-< 
0 

QJ 

TORQUE STATI STIC? 

Cutfvlation 15c 45c 90c 495c 1005c 

X 48,50 54.40 49.10 48.80 43.30 37.38 

s 6.81 5.25 5.51 4.21 6.00 18.35 

+957 68.67 64.70 5°.89 57.05 55.06 73.35 

3 -95 A 28.33 44.10 38.31 40.55 31.54 1.40 

14 10 10 10 10 8 

%<50 57.14 10 50 60 90 62.5 

7.<4C 7 .14 0 f\ 0 20 37.5 

X 52.00 58.6 0 50.10 60.44* 57.20 54.10 

s 7.22 5.21 5.70 4.17* 6.75 2.85 

+95". 73.37 68.81 69.28 6a.61* 70.42 59.68 

-957. 30.63 48.39 46 .92 52.28* 43.93 48.52 

" 15 10 10 10 10 10 

' • 50 33.33 ö 0 n* 10 0 
- ,-40 6.67 r 0 c* 0 0 

X 42.43 42 .20 43.00 46.90 41.40 40.60 

s 6 .49 6.00 7.42 5.CC 5.80 4.95 

+95-;. 61.64 53.95 57.55 5f .70 52.76 50.30 
1 v 

-957. 1Z.21 30.4 5 25.45 37.10 30.04 30.90 

i; 14 10 in in 10 10 
'! • 50 92.S6 110 70 60 90 90 

:' -40 21.43 20 20 0 ?0 30 

44.03 X 47 . 04 51.73 50.07 50.87 47.30 

s ( .84 5.49 6.21 7.06 6.18 8.72 

+9 5" 67.89 62.48 62.24 64.70 59.42 61.11 

-957 27.39 40.98 37.90 37 04 35.18 26.94 

N 3 3 3 3 3 

*Noc   including  the navericV   failure 

TAbU.   IV-41 
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• 

The mean torque strength degrades with increasing number 

of 0 - 100 C thermal shock cycles on all three vendors parts. 

This degradation is greatest for Vendor 8 and least for Vendor 10. 

The estimated average degradation of torque values per cycle are 

as follows: 

Torque Degradation per 1000 Cycles 

(0 - 100°C) Thermal Shock 

V8 V9 V10 Overall 

in-lbs/lOOOC 

7./1000C 

-12.4 

-24.9%/1000C 

-4.3 

-7.3%/1000C 

-2.5 

-5.8%/1000C 

-6.4 

-12.67%/lOOOC 

Although this degradation does not appear to be toe 

severe, it is quite linear with number of cycles from the first 

15 cycles through 1005 cycles termination point. 

/ 

Visual examination of the fracture surfaces did reve.il 

some minor differences.  In Vendor 8, nearly all parts failed at 

"A" ar.d "E" simultaneously (Figure 4-80); i.e., some glass was 

still attached to the base and the remainder attached to the lid. 

At each of these interfaces, the ceramic looked smooth and unwetted 

The attached glass was dark gray/black in color and fairly uniform 

in texture with occasional small bubbles. There were very few 

devices where the glass broke a "C", the plane of the lead frare. 

The lead frame looked well bonded in the glass and the frame/glass 

interface had strong uniform bonding. There was no obvious dif- 

ferences in failure mode with increase in number of cycles of 

thermal shock. 
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Vendor 9 has a different glass than Vendor 8 or 10. 
His glass looked light gray rather than gray/black.  There were 
some small bubbles in the glass between leads 7 and 8, between 
pins 6 and 9, on a number of these devices.  With this vendor, 
most of the torque failures occurred at interface "A" with the 
second largest number at "A" and "E" together as was the case 
with Vendor 8. 

As with Vendor 8, Vendor 9 had no failures along the 
lead frame or in the glass on either side of the lead frame and 
there was no obvious shift in failure mode with number of cycles. 

Vendor 10 looked like Vendor 8.  Almost all failures 
occurred with separation at "A" and "E" simultaneously and none 
along the lead frame.  There were some bubbles in the glass and 

the glass looked like it had been more "liquid" than the other 
two samples.  This glass flowed between leads well, but still 
trapped some bubbles. 

• 

4.9.4    Discussion and Conclusion 
——        •• ——— i 

Thermal Shock, Method 1011A, 0 - 100°C does cause de- 
j 

gradation of ceramic dual-in-line packages resulting in fine leak 
-8 (helium > 1 x 10  atm cc/sec) failures and a weakening of the 

f strength of the glass seal to the lid and base. 

An explanation for this behavior may be as follows. 

When a CERDIP package is sealed, bonds are formed between the glass 
and the ceramic lid and base at interfaces "A" and "E".  A3 the 
device cools down, these bonds are left in a stress condition. 
Upon subjecting the package to liquid-to-liquid C -100°C thermal 
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shock, some of these bonds fail, allowing small leak paths to be 

developed into the inner regions of the package.  During the helium 

leak end point test, helium becomes trapped in these "microcrack" 

regions and internal bubbles in the glass - now connected to the 

outside world by these fixtures. As additional thermal cycling 

is imposed, additional bonds fail, creating additional or longer 

leak paths in the device and creating new "microcracks" in devices 

not previously detected as fine leakers. 

This process continues, resulting in an increase in 

fine leak failures and a degradation in torque strength values 

with increased thermal shock cycles until the fine leaker becomes 

a gross leaker or until the seal strength becomes so weak that the 

package fails mechanically when handled. 

If Method 1011C (-65°C +150°C) Thermal Shock is iu;ed 

instead of 1011A, the failure mode shifts from fine leak to gross 

leak (as seen in Section 4.8).  The results of Section 4.8 and 

4.9 appear to be consistent. 
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SECTION V 

5.0 FAILURE ANALYSIS 

5.1 PROCEDURES 

These procedures were used to verify rejects, open the 

packages and investigate for failure modes and mechanisms. 

5.1.1 General 

Any device failing the end-point test sequence was sent 

to failure analysis.  Prior to decapsulation, the reject status 

was verified electrically by read and record data from the Fairchild 

4000 Test Set and by opens and shorts findings using a Tektronix 

575/576 curve trace. 

In addition, the package was analyzed externally using 

a low power (approximately 10X) microscope. 

5.1.2 Pecap - Plastic 

Plastic dual-in-line packages were opened by one of these 

two procedures. The sandblast technique is faster but does destroy 

the wireDcnds as the flag is removed. The chemical decap takes 

much longer to perform but does leave all parts in place. 

5.1.2.1  Sandblast Decap 

(A) Flatten the leads, then polish or sandblast the 

underside of the package to expose the metal flat 

(disbond pad) and pin or through-bar holding the 
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die.  Do not reduce the flat thickness, as peel- 

off could occur. 

(B) Sandblast a moat around the flag and through-bar. 

Turn up the ends of the through-bar with a knife 

blade or pliers, without affecting the flag or 

disturbing it. 

(C) Apply heat gun to the plastic side (top of unit), 

or place the plastic side on top of a hot plate 

(500°F or greater). 

The plastic will expand sufficiently to release 

the flag and die by pulling on the through-bar 

moderately, while applying the heat.  Use of a 

hot plate allows mass decapsulation. 

5.1.2.2  Chemical Decap 

(A) Solder a holding wire (like a closed-loop paper 

clip) to all leads of the device. 

(B) Heat concentrated sulfuric acid to approximately 

200°C. 

(C) Lower the part into the acid.  Leave until plastic 

is dissolved (approximately 15 min.). 

(D) Remove - let cool - dip into acetone to remove 

acid. 

(E) Carefully blow dry or air dry. 

5.1.3 Decap - Hermetic 

Several different techniques were used to open hermetic 

dual-in-line ceramic, ceramic flat packages with recessed lids. 
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metal flat packages and daul-in-line sidebraze packages with 

solder seal lids. 

•    5.1.3.1  Vise Grips (Cerdips Only) 

(A) Hold leads on one side of the device with a vise. 

(B) Grip top ceramic on the sides with vise grips. 

(C) Pull straight up.  Top will come off along a 

fracture plane exposing the top surface of the 

lead frame. 

*Wires embedded in the pyroceram sealing glass 

near the posts attached to the top will be broken 

upon lid removal. 

*This procedure mainly used when interested in 

die defects examination rather than wires or 

wire bond examination. 

5.1.3.2  Wax Down (Cerdips) 

(A) Stand the Cerdip part on the metal plate. 

(B) Apply wax under and around the leads so that the 

entire body and leads of the device are embedded 

in wax. The wex should not cover the lead frame 

at the edge of the package. 

(C) Hold the metal plate in a vise. 

(D) Grip the top with vise grips and pull straight up. 

*This procedure was used on the wirebond degradation 

samples. 

*The wax holds the leads and body firmly, generally 

preventing the lead frame from pulling off with 

the lid. 
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5.1.3.3  Lid Grind (Cerf\ats) 

(A) Wax down the flat package to a metal plate with 

Quartz Sticky Wax. 

(B) Using a small hand grinder (such as a Dremel 

Model 281) with a diamond cutter wheel (Model 

35X-P, DENSCO, Denver, Col.), make vertical cuts 

through the lid along each cf the lid's four sides. 

(C) Lengthen the cuts using the aiamond cutter. 

(D) Using a knife blade, pick out the lid material 

between the cuts leaving a hole in the lid exposing 

the die, wires, and package posts. 

*This procedure used on the wire pull degradation 

sample - Cerflats. 

5.1.3.4  Solder Decap (Sid^braze Dip) 

(A) Hnid leads along one side of the device with a 

vise. 

(B) using a sharp pocket knife, cut at the solder at 

the edge of the lid so as to allow the blade to 

be inserted under the lid edge. 

(C) Pry up the lid to break the solder seal. 

.' 
5.1.3.5  Solder Seal Decap (Flat Packages) 

(A) Wax the flat package down to a metal plate using 

Quartz Sticky Wax. 

(B) Kile down the lid at a slight angle until a corner 

of the metal lid is filed through, allowing a 

knife blade to be inserted under the liu edge 

(C) Pry up the lid to break the solder seal. 
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5.2      FAILURE MECHANISMS - HERMETIC DEVICES 

All hermetic parts had packages with cavities.  These 

cavities were backfilled with a gas - normally nitrogen.  The 

gaseous atmosphere surrounded the die, wires and bonds.  Wires 

were frea to move in this atmosphere. 

5.2.1    Wireflex (Alurrinum Wire) 

One of the principal failure modes for devices with 
aluminum wires was break at the heel of the bond following 
repeated thermal cycling.  The mechanism causing this failure 
mode is wireflex.(22)' (21) 

Figure 5-1 shows how this happens.  As the device changes 

temperature, the wires will expand or contract accordingly.  This 

change in wire length causes the angle at which the wire contacts 

the bond to change.  Eventually, the heel of the bond will become 

"work hardened", brittle, and fracture.  The fracture occurs at 

Che thinnest region of the heel of the bond.  Many failure analyses 

call this a "chopped bond" since the fracture does result in .i 

tearing detect at the heel of the bond.  Generally, these wireflux 

failures are not due to chopped bonds, but chopped bonds would 

fail sooner chan those with no tears at the heel.  lionus wich 

normal deformations will fail for wireflex eventually. 

Wireflex failures are more likely to occur at the heel 

of the first bond.  Thi: would be the post bond heel when using 

post-to-pad bonding as shown in Figure 5-1, and the pad bond hesl 

when using pad-to-post bonding.  When using post-to-pad bonding, 

the first bon-i is placed on the post.  The bonding tool tip is 
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LEAD   WfRE 

Figure 5-1.     Illustration of Wi WirefUx 
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raised slightly to allow the wire to feed through the needle; 

then the wire, is routed over and down to the bonding pad on the 

die, where the bond-to-die is made.  Two things act to weaken the 

first bond:  First, the lifting and pulling of the wire at the 

first bond while setting the loop height and routing the wire to 

the pad; and second, the maximum loop height will normally occur 

closest to the first bond subsequently experiencing more delta 

(2A) angle flexure during thermal cycling. 

It can be shown that a "tight wire", one routed directly 

from pad-to-post with no loop, is a worst-case condition.  As 

the wire tries to ..contract, it stretches the wire at the heels, 

causing them to thin and weaken.  Then when the wire expands, it 

goes under compression.  Since it has no loop, it will continue 

to expand until the wire develops a bow, flexing both bonds at 

the heels.  This flexing will cause the weakest heel to break. 

Conversly, wires with large loops tend to expand along the loop 

with very little change in the angle of wire-to-bond and therefore 

little flexing.(I8) 

If one end of the aluminum wire is bonded to a gold 

post, the additional presence of gold-aluminum intermetallics 

cause this bond to weaken and become brittle sooner than if the 

bond were made to an aluminum clad post or bare Kovar pose.  Des ig: 

limits for goId-aluminum wirebonds are discussed in detail in 

Reference 13. 

Vireflex failures occur primarily with aluminum wires. 

Gold wires are generally much more ductile and resist "work 

hardening" unless they are bonded to aluminum metallization.  In 

this case, failure will occur in the intermetallic regions. 
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440X 

Figure 5-2.  Wireflex Break at Heel 
(Lot Lll, Sidebraze, 3000 Cycles of 1010D) 
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Figure 5-3.  Wireflex Break at Heel 
(Lot Lll, Sidebraze, 3000 Cycles of 1010D) 
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Figure 5-4. Wireflex Intermetallic Failure 
Aluminum Wire to Gold Post 
(Lot Dll, 3500 Cycles of 1010C) 
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Figure 5-5   Wireflex Failure - Pad Bond 
(Lot D6, 4500 Cycles of 1010C) 
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See References 18, 19, 20, 21, and 22 for further 

comments. 

Figures 5-2, 5-3, 5-4, and 5-5 are examples of wire- 

flex failures found in one testing. 

5.2.2    Intermetallic Failures (Au - Al) 

Whenever gold and aluminum are bonded together, such as 

when an aluminum wire is bonded to a gold-plated post or when 

gold wire is bonded to aluminum metallization, several compounds 
(13) of gold and aluminum are formed.     The two most common ones 

are Au Al« (purple color) and Au^ Al« (tan color). 

Upon repeated thermal cycling, differences in coefficient 

of expansion within the intermetallic region cause micro-cracks 

to form in the regions of high stress.  These micro-cracks become 
(13) Kirkendall voids    in the Au,- Al».  The failure mode is inter- 

mittent or hard opens and zero wirepulls.  Figures 5-6, 5-7, 5-8, 

5-9, and 5-10 are examples of intermetallic formation under the 

ball of the bond. 

Kirkendall voiding will also occur when bonds are a^ed 
/1 «j \ 

at temperatures greater than 300'C. These voids are former in 

the aluminum due to the higher diffusion rate of aluminum into the 

intermetallic phase at elevated temperatures. 

Reliability performance may be increased by keeping the 

temperature below 300 C; using larger diameter gold wires so as 

to restrict the formation of the stronger gold rich intermetallics, 

and keeping the post plating thin in relation to the bond heel 

thickness. 

(13) 
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300X 

Figure 5-6 Intermetallic Open (Au/Al) with 
Surface Reconstruction (Fads) 
(Lot D5, 4000 Cycles of 1010C) 
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600X 

Figure 5-7.  Intermetaliic Open (Au/Al) with 
Surface Reconstruction (Pads) 
(Lot D5, 4000 Cycles of 1010C) 
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2,400X 

Figure 5-8 I itermetallic Open (Au/Al) with 
Surface Reconstruction (Pads) 
(lot D5, 4000 Cycles of 1010C) 

I 
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600X 

Figure 5-9.  Intermetallic Open (Au/Al) with 
Surface Reconstruction (Pads) 
(Lot D5, 4000 Cycles of 1010C) 
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600X 

Figure 5-10 Intermetallic Open (Au/Al) with 
Surface Reconstruction (Pads) 
(Lot D5, 4000 Cycles of 1010C) 
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It was noted that Vendors 1 and 4 used 1.5 mil (38ym) 

gold wire with plastic packaging. All other wire sizes were 

1.0 mil (25um).  Of the Cerdip parts, only the sidebraze, Vendor 

11, had aluminum wire to gold plated package posts. The LSI 

packages, Vendors 12 and 14, had gold plated posts. 

5.2.3    Metallization/Oxida Defects 

Thermal cycling causes changes in volume of structures 

due to thermal expansion.  If these volume changes are great 

enough, cracks will be formed in the harder more brittle materials 

and restructuring, electromigration, and hillock formation will 
(23) 

be formed in the more ductile materials.     (See Figures 5-6, 

5-7, 5-8 5-9, and 5-10 for extensive reconstruction on the 

bonding pads.) 

Surface reconstruction and hillock formation are depend- 

ent upon grain size in the aluminum films.  The larger the #rain 

size, the less hillock formation.  Figure 5-11 shows an example of 

surface reconstruction. 

For both small and large grain films, the greater the 

temperature extremes or number of thermal cycles, the greater the 
(23^ extent and severity of the reconstrujtion. 

Cxide defects nost often occur as the result of imperfeet- 

wafer masking and etching.  The result is a region of oxide insula- 

tion which is thinner than normal.  Expansion and contraction 

caused by thermal cycling will cause these thin oxide regions to 

develop cracks.  If metal is over the oxide defect, it can work 

it's way down the crack, eventually causing a  short between the 

mstal and underlying structure.  Figures 5-12 and 5-13 show example 

of oxide defects. 
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Figure 5-11.  Surface Reconstruction 
(Lot F7, Cerflat, 1500 Cycler, of 1010E) 
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Figure 5-12.  Oxide Defect 
(Lot D6, 2000 Cycles of 1010C) 
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Figure 5-13.  Oxide Defect - Damage by U/S Bonder 
(Lot D6, 4500 Cycles of 1010C) 
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5.2.4    Hermetic Seal Defects 

All hermetic devices received seal testing per MIL-STD- 

883, Method 1014, Condition A (Fine Leak - Helium) and Condition 

C (Fluorocarbon Bubble Test) initially and at every readout 

thereafter. 

A device was considered a fine leaker if it had a reading 
_ Q 

greater than 5 x 10  atm. cc/sec. and a gross leaker if it 

exhibited a stream of bubbles or one big bubble. All indicated 
(31) gross leakers were subjected to red dye verification.    See 

Figure 5-14 for a red dye failure. 

Several leak responses were noted.  First ceramic devices 

subjected to thermal cycling would become fine leakers after some 

number of cycles.  These devices, which passed gross leak but 

repeated as fine leakers, were left in the lot and given additional 

thermal cycling.  At each subsequent readout, these same devices 

would fail fine leak until eventually they failed gross leak, 

were removed from the test and verified with red dye.  All indi- 

cations were that thermal cycling, especially thermal shock, Method 

1011, caused micro-cracks to form between the bubbles on voids in 

the sealing glass material.  Section 4.3 shows that the sealing 

glass is the weak material.  As more and more micro-cracks were 

formed, more helium was trapped in the connected voids, increasing 

the measured leak value.  After sufficient thermal cycling, the 

amount of micro-cracking became great enough to cause the trapping 

of enough fluorocarbon to cause a failure indication to this rose 

Red dye verification showed that the dye often penetrated only 

halfway to the cavity.  The internal cavity was still hermetic 

but the device failed both fine and gross leak tesLs.  This pro- 

gressive deterioration in leak test performance correlates we 11 

with the torque test results of Section 4.9.  The amount of micru 

cracking seems to correspond to the decrease in mean torque value. 
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Figure 5-14.  Gross Leak (Red Dye) at Cap Seal 
(Lot All, Sidebraze, 10 Cycles of 1010E) 
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Second, a device would become a fine leaker and repeat 

aß one for the next two or three readouts, and then appear to be 

good.  Upon further thermal cycling and seal testing, the device 

would fail gross leak.  There appeared to be a gap between being 

a fine leaker and becoming a gross leaker.  These devices went 

through the transition region between fine and gross leak more 

slowly.  At the transition point, where they tested good, they 

were large enough fine leakers to be flushed of helium prior to 

measurement, but small enough to be missed in the gross leak test. 

There definitely appeared to be a gap between fine and gross leak 

responses. 

Third, a device following exposure to a severe thermal 

shock would indicate a gross leaker directly.  Occasionally, the 

lid would come off and the parts would disintegrate.  These devices 

had been subjected to thermal shock which exceeded their critical 

value and they were destroyed by the test (see Section 4.5.3). 

Fourth, solder sealed devices failed if subjected to 

temperature extremes greater than 325°C.  At these temperatures 

the solder melted and the lid would be free to move.  It was 

possible to cause the lid to "float" on molten solder but "resolder' 

itself upon cool-down, retaining it's hermeticity. 

Section 4.3 shows that hermeticity failures are most 

likely to oc^ur during the heating from low temperature or at 

thermal equilibrium at the low extreme. 
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5.3 FAILURE MECHANISMS - PLASTIC DEVICES 

All plastic parts are molded into a solid block with no 

cavity.  Plastic material surrounds the die, wires and bonds. 

The wires are not free to move.  They are constrained by the 

plastic. 

5.3.1 Wirebond Failures 

5.3.1.1  Tntermetallic Failures 

All plastic parts in this experiment had gold wire 

bonded to aluminum metallization on the die and to _old plating 

on the posts.  Vendors 2, 3 and 14 used ball bonding on the die, 

and 1.0 mil diameter wire.  Vendors 1 and 4 used thermo-compression 

bonding and 1.5 mil diameter wire. 

Gold-aluminum intermetallics were formed in the pad 

bonds which were weakened by thermal cycling.  The failure mode 

was ''opens" between the metal stripe and the gold bonding wire due 

to Kirkendall voiding around the outer edge of the bond between 

the bond and the metal stripe.   '     These failures often failed 

for intermittents first before the wire was moved enough to indi- 

cate a hard open. 

Section 4.6.2 verifies that 1.5 mil diameter wire is 

more reliable than 1.0 mil wire as recommended in Reference 13 

and 14.  In all cases, the 1.5 mil samples out-performed the 1.0 

mil diameter wire samples. 
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Figure 5-15.  Intermetallic Open - Bond to Pad 
(Lot B2, 10 Cycles of 1011C) 
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Figure 5-16. 
Interiaetallic (Au/Al) - Gold Wire 
U> Aluminum Pad 
(Lot G4, J005 Cycles of 1011A) 
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In terms of wire bond failure mode, intermetallics 

failures occur as LD, lift at the die, and BD, break at the heel 

of the bond to the die.  Figure 5-15 and 5-16 show examples of 

int:ermetallics failures on plastic devices. 

5.3.1.2  Chopped Bonds 

Occasionally, a thetmocompresslon bond ^ill be formed 

with excessive deformation of the wire resulting in a bond wich a 

thin heel region.  This thin heel region may also be nicked or 
/TON 

damaged by the bonding needle.   ' As the plastic package expands 

and contracts during thermal cycling, the plastic-enclosed wires 

will undergo extensive tension stress in the wire due to the dif- 

ference in coefficient of thermal expansion between the plastic 

and the wire.  These tension forces, which normally act on a 

different part of the wire (see Section 5.3.2.1), can stretch the 

thin bond heel until it breaks.  This failure mode is normally 

associated with the gold wire to gold plated post bond, not subject 

to intermetallic formations. 

5.3.2    Wire Failures 

5.3.2.1  Grain Boundry Fracture^24^ 

The most common failure observed with extended thermal 

cycled plastic parts was grain boundry fracture.     This failure 

mode manifests itself as a thinning down of the gold wire a few 

mils up from the bond combined with "open" wire along the grain 

boundries in the wire. (14; This failure mode is due to the 



difference between the coefficient of thermal expansion between 

the gold wire and the plastic.  Thermal cycling subjects the wires 

to extreme tension, causing sxcessive grain growth to occur across 

the wire - eventually causing the wire to fracture along the grain 

boundry.  The fracture mode is intermittent or hard opens.  This 

failure mode is only found in plastic devices where the wires are 

physically constrained by the plastic.  Both elevated temperature 

and stress are required to cause the failure.  Failures oc^ur 

quickly when the plastics glass transition point is exceedtd due 

to the sharp increase in coefficient of thermal expansion.  Figures 

5-17 through 5-23 show examples of grain boundry fracture failures. 

Reliability can be enhanced by keeping the temperature 

excursions small, never exceeding the glass transition point, using 

plastics of low coefficient of thermal expansion and use of plastic 

with high shrinkage. 

i 

5.3.2.2  Intergranular Cracking (24) 

This failure mode is very similar to grain boundry 

fracture (see Section 4.3.2.1) except that the tension stress 

in the wire causes slip planes at nearly 45  to the axis of the 

wire.  These slip planes can allow the wire to slide relative to 

one another, creating a "bamboo" effect in the wire.  There is 

less noticeable thinning of the wire with this failure mode. 

5.3.3 Corrosion 

Plastic packages are not as hermetic as ceramic packages 

when subjected to thermal shock.  As the package expands, the 

thermal shock liquid can enter the body of the device along the 

lead frame and come into contact with the die surface. 
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Figure 5-17.  Grain Boundry Fracture 
(Lot P3, 30 Cycles of 1010D) 
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Figure 5-18. Grain Boundry Fracture 
(Lot P3, 30 Cycles of 1010D) 
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Figure 5-19. Grain Boundry Fracture 
(Lot LI, Epoxy, 500 Cycles of 1010D) 
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Figure 5-20 Grain Boundrv Fracture 
(Lot LI,   Epoicy,   500 Cycles of  1010D) 
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Figure 5-21.  Grain Boundry Fracture 
(Lot LI, Epoxy, 500 Cycles of 1010D) 
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Figure 5-22.  Grain Boundry Fracture 
(Lot LI, Epoxy, 500 Cycles of 1010D) 
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Figure 5-23.  Grain Boundry Fracture 
(Lot LI, Epoxy, 500 Cycles of 1010D) 
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Figure 5-24.  Corrosion 
(Lot G4, 3005 Cycles of 1011A) 
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When the device is then biased, any moisture in contact 

with the aluminum pad metallization can interact, causing corrosion 
(33) of the aluminum pad material.   '     The product formed is generally 

aluminuir i4ydroxide.  This aluminum hydroxide has about three times 

the molar volume of all-aluminum which is enough to cause damage 
(32) 

to glassivation.   '  Figure 5-24 shows a stripe corrosion failure. 

The presence of water also reacts with excess phosphorus 

(2 - 10 wt pet) to cause increased corrosion of aluminum.  The 

amount of absorbed water increases with increasing P2 0., this 

water reacting with the aluminum to form Al (CHK corrosion. 

Thermal shock, Method 1011, Condition A is particularly 

destructive to plastic parts since water baths are used. 

5.3.4    Temperature Coefficient of Thermal Expansion vs Wire Size 

All other factors being equal, reliability of plastic 

integrated circuits increases with increase in wire size from 

1.0 mil to 1.5 mil diameter.  This increased reliability is due 

to the following: 

(A) Larger, stronger bonds - withstands molding better. 

(B) Greater tensile strength of the larger wire - 

therefore reduced susceptability to grain boundry 

fracture. 

(C) Thicker heel regions - therefore reduced inter- 

metallic voiding and fewer chopped bonds. 
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5.4      STRESS RELAXATION 

One of the anomalies found in temperature cycling hermetic 

•    integrated circuits at various conditions was an apparent increase 

in reliability at test Condition D (-65/+200°C) compared to both 

/ 

test Condition C (-65/+150°C) and test Condition E (-65/+350°C). 

This anomally in electrical failure rate was consistent across ail 

vendors except Vendor 11.  This result is thought to be due to 
(30 35) stress relaxation.  '  ' 

When wire bonds are formed, the actual bond is made at 

a temperature above room temperature.  As the part cools, stress 

begins to increase in deformed parts of the bond as it contracts. 

As the part undergoes thermal cycling, the bonds heat up, reducing 

the stress inherent in the structure.  Each time it heats up and 

cools down, the bond loses some of its inherent stress.  The closer 

the heat-up temperature comes to the initial formation temperature, 

the greater the degree of stress relaxation.  The upper temperature 

must be high enough to cause plastic deformation in the materials. 

Stress relaxation is essentially a decrease in initial 

stress with time and temperature.  In hermetic devices this stress 

reduction is measured as a decrease in bond pull strength combined 

with an annealing of the stress part of the bond, i.e., the bond 

heel.  This annealing of the bond heel causes a change in location 

of failure from Dreak at the heel to centerwire breaks but with a 
(38) decrease in pull strength.   '  The end result of stress relaxation 

in use conditions is the formation of slightly weaker but more 

flexible wires and bonds, resulting in lower thermal cycling failure 

rates. 
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The amount of stress relaxation goes up with time and 

temperature but so does the formation of gold-aluminum intermetallics. 

Above 200°C intermetallics become weaker than the stress relaxed 

bonds and the failure rate increases again.  (See Section 4.6.3.3 - 

Vendor 11.) 

As seen in Section 4.6.3.2, Extended Thermal Cycling of 

Dual-In-Line Ceramic Packages, the next level above test Condition 

D (-65/+200°C) was test Condition E (-65/+350°C).  The results 

at Condition D show evidence of stress relaxation.  Since the wire 

bonding was aluminum-to-aluminum in the parts, failure mode for 

Condition E was die attach failures, rather than intermetallics 

as experienced by Vendor 11 with its aluminum wire-to-gold plated 

posts.  Stress relaxation normally is found in tin lead solder such 

as the die attach.^ '    Figure 5-25 shows a floating die due to 

test Condition E. 

It should be noted that an increase in failure rate 

occurs with plastic packages. The stress relaxed bonds and wires 

are weakened and cannot stand the tension in the wires resulting 

from the expansion of the surrounding plastic. 

Stress relaxation can increase the reliability of hermetic 

parts having monometallic metal bonding but decrease the reliability 

of plastic parts whose internal wires are enclosed in plastic and 

hermetic parts with intermetallic bond structures. 
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Fteure 5-25  Floating Die Figure  ^.      F7& Cerflat> 1500 Cycles of 1010E) 
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APPENDIX 

DATA REDUCTION 

A problem of variable sample size and missing data 

was evident.  A timeshare program was written to obtain summary 

statistics from all these wirepull readings.  These data are 

given by cell number in three tables 

WPMV - Wirepull Strength Statistics 

WPFM = Wirepull Failure Mode Statistics 

WPCP = Wirepull Lower Distribution Statistics 

In these table.«, the coding is: 

A 

•*- 1 

Stress 

Al = Temp. Cycle ("UM) 
(1010C) 

A2 = Thermal Shock ("V") 
(1011C) 

B          C 

J 1 
No Cycles ' 

Cl - 30 
i               C2 » 60 

C3 - 120 

C4 = 240 

C5 - 510 

C6 = 1020 

1             I 
Vendor/Package 

Bl = Vendor 5 

B2 - Vendor 7 

B3 • Vendor 8 

B4 -= Vendor 9 

ö5 - Vendor 10 

B6 - V endor 11 

Example • Temp. Cycle - Vendor 8 510 Cycle Step 

or     U8 - 510 Cycle Step 

A-l 
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The sums appear below a dotted liae after the last 

cell summed over.  In order to obtain all the sums, the data is 

sorted three ways within each table.  (The individual cell data 

is repeated for ease of tracking and verification.) 

The statistics available are: 

WPMV 

H • Highest value observed within the cell 

M • Mean (Arithmetic Average) 

L = Lowest value observed 

R = Range (H - L)  , 

S.D. = Standard Deviation ( äVVariance) 

Var * Variance 

SS - Sample Size ( « no wires pulled) 

WPFM 

X BD 

X LD 

X CW 

X LP 

1 BP 

X  Break at the Die - wire breaks at the heel 

of the bond to die 

X  Lift at die - bond to die lifts off the 

pad with or without pad metal 

X  Center Wire - wire breaks between heel 

of bond to die and heel of bond to post. 

X  Lift at Post - bond to post lifts off 

the post - bond still attached to wire 

X  Break at post - wire breaks at the heel of 

the bond to post 

WPCP 

X  < 0*5 * X  of pull strengths less than or equal 

to 0.5 grans force. 

X  <_ 1.0 * X  of pull strengths less than or equal 

to 1.0 grams force. 
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% < 1.5 = % of pull strengths less than or equal 

to 1.5 grams force. 

% <_  2.0 = % of pull strengths less than or equal 

to 2.0 grams force. 

% < 3.0 = 1  of pull strengths less than or equal 

to 3.0 grams - force. 

These tables formed the data bank for further analyses. 

PHASE II DATA REDUCTION: 

Using the data from WPMV, WPFM, and WPCP. selected data 

were placed in arrays to facilitate comparisons while looking for 

trends. 

Data was ordered two different ways.  First by test - 

by number of cycles within Vendor/Package within stress.  This is 

a conventional matrix for three variables:  stress (at 2 levels); 

packages (at 6 levels); and cycle blocks (at 6 levels).  This 

matrix allows direct analysis of vendors vs stress; vendor vs 

cycles; and stress vs cycles. 

The second ordering is by total length of time at temp- 

erature extremes - mixing temperature cycling and thermal shock 

according to increase in exposure time st temperature extremes. 

This ordering dictates the following sequence: 

A2CI. A2C2, A2C3, MC2, A2C4, A1C3. A2C5, 

A1C4. A2C6,? A1C5. A1C6 

and results in a two-way table rather than three-way. 
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