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ABSTRACT

An evaluation/qualXlcation was undertaken to examine

reliability effects of GSAS solder attachment to a variety of

different materials with a diverse range of coefficients of

thermal expansion (CTE). Failure mechanisms included

fractures or cracks through the devices as well as cracking of

the comers. GaAs devices placed under tensile stress with

materirds such as Kovar (CTE 5.1 pprn/’C) experienced severe

cracking and comer fracture through long term reliability

screening. Devices placed under compressive stress, on the

other hand, did not degrade through life testing unless the CTE

mismatch was greater than or equal to 16.5 ppI@’C. From this

evaluation, a coefficient of thermal expansion range was

defined at which GaAs can be reliably attached and expected

to operate without failures through 1000 cycles of MIL-STD

thermal cycling.

INTRODUCTION

More extensive application of GSAS MMtC technology in

military and commercial systems has led to development of an

industry-wide, historical data base on the long term reliabflit y

of these assemblies. It has been noted that stress gradients

developed during wafer and device processing have the

potential to cause propagated fractures during subsequent

assembly and/or environmental conditioning. These effects can

become more severe depending on assembly configuration, on

geometries of the devices, and, in particular, on the material to

which the GSAS becomes attached. Mechanical modeling of

the various GSAS assemblies has corroborated that mismatch in

the coefficient of thermal expansion (CTE) between the GSAS

MMIC! and the material to which it is attached can cause

minute anomalies present at chip processing to propagate into

full-fledged failures at assembly and environmental

conditioning.

The following ewduation examines both assembly and

long-term reliability effects of GSAS MMIC solder attachment

to a broad range of materials with CTl13s from 5.1 pptn/’C to

16.5 ppI@C. Some materials are standard carrier and housing

base plate materials such as Kovar and Cu, others are more

exotic metal matrix and metal infiltrated materials newly

developed in the packaging industry.

EXPERIMENTAL PROCEDURE

GSAS devices were AuSn solder mounted to carrier and/or

housing base plate materials utilizing a vacuum reflow

processing technique. This process delivers a void-free

attachment on most standard production materials. X-rays of

all assemblies were completed after the reflow step. After the

soldering operation and x-ray, samples were subjected to

thermal cycling at -55 to +125°C for 1000 cycles. Fractures

were tabulated at specific intervals between 50 and 1000 cycles.

Because of materird availability, the reliability evaluation was

undertaken in two time intervals. Phase 1 of the qus.litlcation

included the materials Kovar, AISi (60/40), CUMO (15/85), and

CUW (10/90). Phase 2 testing expanded the tests to include

AISiC 55 percent, Copper, A1/AIN 40 percent and 50 percent,

and AIGr discontinuous fiber. Kovar was utilized as a control

in both tests. However, since a greater than expected number of

cracks were experienced on the Kovar assemblies in Phase 1 of

the qtml~lcation, in Phase 2 the Kovar assemblies were furnace

reflowed to examine effects with a standard reflow technique

which already has a good backup of historical data and

experience. A sample of the reflowed assemblies is seen in

Figure 1. Figure 2 shows one of the x-rays of the CuNlo

assemblies vacuum reflowed. The voids in the x-ray appea in

black. The white areas are viaa in the device which have !Wed

with solder.

RESULTS AND DISCUSSION

Phase 1 vacuum reflow was accomplished with a peak

temperature of 32(P’C. In each case, two devices and two

O.010-inch-thick ceramic substrates were reflowed on each

carrier. The carriers were 0.015 inch thick. Total number of

reflowed devices for the Phase 1 testing was 40 on four

different types of carrier plate materials. After reflow, the

carrier plates were x-rayed and then submitted to thermal

cycling of -55 to +125°C according to MIL-STD-883 testing

method 1010 condition B. The devices were removed and

checked for fractures and chips initially prior to temperature

cycle, and at 50, 200, and 1000 cycles. Tabulated results with

respective material CTES, as published by the suppliers, are

shown in Table I. No fractures were seen in any devices at 50

cycles. At 200 cycles two devices mounted on Kovar carrier
plates had propagated cracks. At 1000 cycles every device

mounted on Kovar had fractured. None of the devices on AISi

(60/40), CUMO (15/85) or CUW (10/90) had cracks. X-ray
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TABLE I. REFLOW RESULTS

I I I Percent Cyctes Fractured

I I I

Figure 2. X-Ray of Two GaAs Devices and Two Thin Film Ceramks
AuSn Vacuum Reflowed on a Copper Molybdenum Carrier

voiding levels were <0.5 percent on Kovar, CUMO, and CUW.

On AISi 10 percent voiding levels were seen attributable to

inconsistencies in the plating of the carrier plates. No fractures

were experienced on any of the ceramic substrates.

Although excellent attachment was experienced with

devices mounted on the Kovar carrier plates, the worst

I I CTE I 50 Cyeks
Material

200 Cyetes 1000 cycles
DPm”C-.

CUMO 6.6 0 0 0
ALSi 10.5 0 0 0
Cuw 6.5 0 0 0
Kovar 5.1 0 20 100

fracturing levels were demonstrated on this materkd. Modeling

has verified that the level of tensile stress experienced will

produce fracturing failures and that tensile stress is much more

deleterious to long life reliability than compressive stress.

The Phase 2 testing broadened the range of materkds

under evaluation as noted above in the experimental procedure.

As in the Phase 1 part of the qual~lcation, the devices were

reflowed with the vacuum reflow process (with the exception

of devices mounted on Kovar carriers) at 320”C. After reflow

the samples were x-rayed and submhted to thermal cycling at -

55 to +125°C MIL-STD-883 method 1O1O test condition B.

The samples were examined initially and at 100,500, and 1000

cycles. Table II lists the average number of voids, the CTE as

published by the material supplier, and percent of devices

fractured at 100, 500 and 1000 cycles,

The high level of voiding experienced with AISiC and

with AIGr has contributed to the fracturing seen on these

materials. Materials with higher CTES with respect to the CTE

of GSAS such as copper, AISi, and A1/AIN 40 percent actually

experienced less fracturing than AISiC. In addition to cracks

through the device, however, artother failure mode which was

exhibited was fracturing of the comers. Prior tests with GaAs

mounted to aluminum with a CTE of 23.5 pprn/’C demonstrated

that materials such as Al with high CTES relative to the CTE

of GaAs were likely to cause a significant number of fractures

through the device as well as comers which cracked off. Table

111shows comer damage which was incurred at 100, 500, and

1000 cycles.

Although no internal device fractures were exhibited in

materials such as copper with a CTE of 16.5 ppm/”C,

25 percent comer fractures resulted in classifying this material

as unacceptable for GSAS solder mount. Since voiding levels

with the copper was <0,5 percent, it is probable that the failure

was caused by CTE mismatch between the copper and the

GSAS as was seen with aluminum. Examining a material with

CTE slightly less than copper at 13.4 ppnFC (A1/AIN 40

percent), it can be seen that little to no failures were

experienced with only one comer chip in 36 devices or in 144

comers. An examination of Phase 1 samples demonstrated that

CTES from 6.5 to 10.5 pprn/’C (CuMo-AISi) also do not show

any failures at the comers. Materials such as Kovar, on the

other hand, whh a CTE less than that of GaAs (5. 1 versus 5.7

ppm/’C) had 60 percent of the devices with comer failures in

spite of the good attachment level (<0.5 percent voids).
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TABLE Il. PHASE 2 RELIABILITY QUALIFICATION

Material

AISiC 55%
JA218013
DWA

AtSiC 55%
ACMC

AISiC 55%
JA218014
ACMC

Copper

AI/AIN 40%
JA21(iO15
ACMC

At/AIN 40%
JA218016
ACMC

AtGr
Dircorrtinuous
ACMC

.WNN 50%
JA216012
ACMC

Kovw
l%mace
Reflowed

T&knew
(h)

0.065

0.030

0.030

0.030

0.030

0.030

0.030

0.085

0.030

No. of

Devices

20

16

20

20

20

16

17

20

20

Devtces Fractured

100
Temperature

Cycles

o

0

0

0

0

0

30

5

15

TABLE IIL CORNER DAMAGE

Pereent Deviees with Corner Fractures

Material 100 cycles 500 Cydea 1000 Cycles

AISic 55%

DWA 35 35 70

AISic 55%
ACMC 25 25 31

AISic 55%

ACMC

JA218014 20 25 25

Copper 25 25 25

A1/AIN 40 Pereent

JA218015 5 5 5

A1/AtN 40 Pereertt o 0 0

JA218016

AIGr DISC. o 0 0

A1/MN 50 Pexent 20 20 20

Kowu 20 20 20

Furnace Refl.

500

Temperatrrre
Cycles

10

0

0

0

0

0

35

5

15

1000
Temperature

Cycles

10

0

5

0

0

0

35

5

15

Average

Voids

(%)

10-40

20-30

20-30

0.5

1

0.5

50-60

0.5

2-5

CTE

ppd”c

8.2

8.2

8,2

16.5

13.4

13.4

9.2

11.8

5.1

I

CONCLUSION

An evaluatio~quali fication was undertaken to examine

reliability effects of GaAs solder attachment to a variety of

different materials with a diverse range of coefficients of

thermal exmnsion. Failure mechanisms included fractures or

cracks through the devices as well as cracking of the comers.

GSAS devices placed under tensile stress with materials such as

Kovar (CTE 5,1 ppt@C) experienced severe cracking amd

corner fracture through long term reliability screening. Devices

placed under compressive stress, on the other hand, did not

degrade through life testing unless the (XE mismatch was

greater than or equal to 16.5 pprrtf’C. From this evaluation, a

coefficient of thermal expansion range was defined at which

GSAS can be reliably attached and expected to operate without

failures through 1000 cycles of MIL-STD thermal cycling.
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