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Abstract—In this paper, a heat spreader attachment with indium
solder for high-power flip chip-in-package application was investi-
gated. The Cu heat spreader was metallized with Ni/Au and the flip
chip die backside metallization was Ti/Au. A low voiding attach-
ment process was achieved with vacuum soldering. The Au thin
film was converted into AuIn� completely after initial soldering,
but no intermetallic compund (IMC) formation between Ti and In
was observed. The attachment had good mechanical strength as
measured by shear testing. The shear strength was not degraded
significantly after multiple lead free solder reflows or with thermal
aging at 120 C. For thermal shock cycle test ( 40 C to 85 C),
die with Ti/Au (2000 �� of Au) metallization had early partial de-
lamination. The effect of Au thickness on mechanical strength was
further evaluated. Assemblies (Cu on Si) with Ti/Au (2000 ��) die
had lower shear strength compared with Ti/Au (3000��) and Ti/Au
(4000��) die. The pull strength (Si on Si) increased with increasing
gold thickness. Thermal shock testing ( 40 C to 85 C) for as-
semblies with Ti/Au 3000 �� along with Ti/Ni/Au (control) did not
show early delamination and had similar performance after 2000
cycles.

Index Terms—Flip chip in package, indium attachment, lid
attachment.

I. INTRODUCTION

I NCREASES in speed and functionality of high-perfor-
mance microprocessors and application-specific integrated

circuits (ASICs) results in increased I/Os and power dissipation.
The International Technology Roadmap for Semiconductors
(ITRS) and the International Electronics Manufacturing Initia-
tive predicted that “the absolute power levels in microelectronic
devices will continue to increase above and beyond 100 W.” [1]

Flip chip in package is commonly used to address the high
I/O counts. This packaging method exposes the backside of the
semiconductor die for heat removal. A high thermal conduc-
tivity heat spreader significantly larger than the Si die is typi-
cally attached to the back of the die to serve as a large area in-
terface to the next level cooling hardware, usually a finned heat
sink. The thermal interface material (TIM) between the die and
heat spreader can be a filled organic or a metal.
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Indium solder has been used as a TIM [2]–[7] for high power
application W , mainly because of its high thermal con-
ductivity (82 W/mK) among solders and its low modulus. The In
deforms under the stress caused by the coefficient of thermal ex-
pansion (CTE) mismatch between the Si die and the copper heat
spreader [8]. Deppisch, et al. characterized indium based heat
spreader attach [4]. Ti/NiV/Au was used as the Si backside met-
allization and Ni/Au was the surface finish for the heat spreader.
After initial reflow assembly, AuIn and In Ni Au formed
on the die side, while AuIn and an In–Ni–Au intermetallic were
identified at the interface to the heat spreader. After thermal
cycling, the heat spreader intermetallic layer structure above
the Ni was: Ni In , Ni Au In and AuIn . On the die side,
the intermetallic layers after thermal cycling were AuIn and
In Ni Au . The AuIn on the die side was discontinuous due
to “the lower gold thickness on the die side and (it) disperses into
the indium after solid-state elevated temperature exposure.”[4].
Lid pull and failure analysis indicated the primary failure mode
was between the AuIn and the bulk In on the heat spreader
side. Chaowasakoo, et al. demonstrated that the thickness of
the Ni Au In intermetallic layer after reflow is a function of
the Au thickness in the initial Ni/Au layers [7]. The contin-
uous Ni Au In intermetallic layer increased in thickness as the
Au thickness increased from thin to medium, then decreased as
the Au thickness was further increased to thick (actual thick-
nesses were not given). The AuIn layer was discontinuous, but
increased in thickness with increasing initial Au thickness. A
continuous Ni In intermetallic layer was observed under the
Ni Au In intermetallic layer.

The original question that initiated the present work was:
“what is the minimum thickness of thin film Ni on the back side
of the die required for reliability after multiple lead free reflows
for package assembly at the next level and for high-tempera-
ture service life in the field?” The concern was the consumption
of the Ni to form intermetallics. At the same time, the authors
were evaluating a TaN/Ru/Au backside Si die metallization with
indium solder die attach for a cryogenic application [9]. The at-
tachment was evaluated for mechanical strength after multiple
solder reflows and after high-temperature storage. There was no
pull strength degradation after four reflows with a peak reflow
temperature of 260 C. After an initial decrease in average die
shear strength of during the first 100 h of storage at
125 C, the average shear strength remained constant through
1000 h at 125 C. The question then became: “is Ni required?”
In this paper, Ti/Au flip chip die backside metallization with dif-
ferent gold thicknesses was evaluated for indium solder based
heat spreader attachment.

1521-334X/$26.00 © 2009 IEEE
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Fig. 1. X-ray image for assembly in a reflow oven showing voids (white areas)
in the die attach. The die in the image is 22 mm � 22 mm.

Fig. 2. X-ray image for assembly with thermal compression bonder showing
voids (white areas) in the die attach. The die in the image is 22 mm � 22 mm.

A. Low Voiding Assembly Process Development

Low voiding is desired for heat spreader attachment to max-
imize heat transfer. A 22 mm 22 mm sandwich construc-
tion of Si/In/Si with the Si metallized with Ti/Ni/Au was used
to evaluate different soldering processes (reflow, thermal com-
pression bonding, and vacuum soldering). The indium preforms
(50 m thick) were purchased from Williams Advanced Mate-
rials. For reflow soldering in a Heller 1800 reflow oven, the pro-
file ramped to 180 C and was held for 200 s. Various weights
were evaluated during assembly. An N reflow environment
was used with no flux. The resulting assemblies had signifi-
cant voiding (Fig. 1). Reflow in air with an indium compat-
ible RA flux applied by dip fluxing was also investigated and
the voiding was worse. Others have recently optimized a flux
based assembly process using flux jetting [5]. An SET ther-
mocompression bonder was then evaluated for reflow bonding
the assembly. The bonding tool temperature (165 C, 180 C,

Fig. 3. X-ray image for assembly with vacuum soldering showing a few small
voids (white areas) in the die attach. The die in the image is 22 mm� 22 mm.

Fig. 4. Reflow temperature profile. The temperature is measured by a control
thermocouple and is not the actual die attach joint temperature.

Fig. 5. Cross-section micrograph of Ti/(2000��) Au assembly showing AuIn
intermetallic.

Fig. 6. Erosion rate of gold by molten indium [10].

and 200 C) and bonding force (50, 100, 200 and 400 g) were
varied. The resulting assemblies had significant voiding (Fig. 2).
Vacuum soldering ( torr) with a temperature profile
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Fig. 7. Lead-free reflow temperature profile used to simulate subsequent thermal exposure of the lid attachment during package assembly to a printed circuit board.

dwell at 180 C for 3 min and a 20-g weight yielded low voiding
in the Si on Si assembly (Fig. 3).

For Cu heat spreader attachment, the flat 1-mm-thick copper
heat spreaders used had a plated Ni (2.5–5 m) finish as-sup-
plied from the vendor. A 1000 Au layer was subsequently
deposited by e-beam evaporation to enhance solderability. Be-
fore Au deposition, an in situ ion milling process was used to
remove nickel oxide on the surface of the heat spreader.

The following vacuum soldering process was developed with
good wetting and low voiding. For 10 mm 10 mm Cu heat
spreader on a 5 mm 5 mm Si die assembly, a 1.3-g weight
was used and for 24 mm 24 mm Cu heat spreader on a 22 mm

22 mm Si die, a 20 gram weight was used. Before assembly,
the die and heat spreader were Ar plasma cleaned for 5 min.
Fig. 4 shows the reflow temperature profile. The temperature
measured is a reference temperature measured by the vacuum
reflow system and not the actual In solder joint temperature. The
vacuum was torr.

B. Heat Spreader Attachment With Ti/Au 2000 Metalized
Die

Ti/Au2000 metallized Si was used for the initial exper-
iments. 5 mm 5 mm Si die were soldered on to 10 mm

10 mm Si die. For all Ti/Au assemblies, the Ti thickness
was 1000 . The solder joint microstructure was studied with
scanning electron microscopy (SEM) and transmission electron
microscopy (TEM). It was found that the gold thin film was
consumed after initial soldering and completely converted to
intermetallic (Fig. 5). The intermetallic was analyzed by X-ray
energy dispersive spectroscopy (EDS) and determined to be
60–63at% In and 40–37at% Au, corresponding approximately
to AuIn . Diffraction patterns from the intermetallic indicated
a cubic crystal structure, consistent with AuIn . The complete
consumption of the Au layer during the assembly thermal
profile agrees with [10] (Fig. 6); however, the depletion of Au
did not cause dewetting. The cross-sectional examination also
showed that AuIn was only at the interface—there were no
AuIn particles in the In layer as reported in [4], [7]. While
Ti and In can form an intermetallic compund (IMC), energy
dispersive spectroscopy (EDS) analysis did not detect any In–Ti
intermetallic formation.

Fig. 8. Illustration of shear test. The force required to shear the top Si with
respect to the bottom Si is measured.

The reliability of the heat spreader attachment with Ti/Au
(2000 ) die was examined. Si (5 mm 5 mm)/In (5 mm

5 mm 50 m)/Si (10 mm 10 mm) assemblies were built
and subjected to multiple reflows and thermal aging studies.
With the move to lead-free solder for flip chip-in-package and
package to printed circuit board assembly, the lead-free reflow
profile shown in Fig. 7 was used to evaluate the In attachment
as a function of exposure to lead-free reflow temperatures in
subsequent assembly operations such as solder ball to package
attachment and package to printed circuit board attachment.
The peak temperature was 246 C and the time above liquidus
(221 C) was 65 s. The shear strength was measured using
a Dage PC2400 shear tester. The shear process is illustrated
in Fig. 8. The shear speed was 6 m s. The die shear results
as a function of reflows are plotted in Fig. 9. An ANOVA
F-test was used to statistically evaluate the data [11]. At a 95%
confidence level, there was, a mild statistical significance in
shear strength as a function of reflow cycles ( ,

-value ). There was a significant difference between
the as-built samples and the mean of all reflowed (1x, 3x and
5x) samples ( , -value ). Normality
assumptions were confirmed using the Kolmogorov–Smirnov
[12], [13], Cramer–von Mises [12], [13], and Anderson–Dar-
ling [13] tests as well as an examination of a histogram of the
data. These procedures were used for all statistical analysis.
The equal variance assumption was confirmed using Levene’s,
Brown and Forsythe’s, and Bartlett’s tests [14]. An examination
of the qq-plot of residuals and the residual versus predicted
value plots was also used to evaluate the equal variance as-
sumption [15]. All subsequent data sets in this paper fit these
assumptions unless otherwise noted.
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Fig. 9. Die shear strength as a function of reflows for Si on Si assembly (Ti/Au
2000 ��).

Fig. 10. Die shear strength as a function of aging (100 C) for Si on Si assembly
(Ti/Au 2000 ��).

The die shear test results as a function of aging at 100 C are
plotted in Fig. 10. The data trend is similar to the results with the
TaN/Ru/Au backside Si die metallization [9]. The shear strength
decrease after 250 h aging was statistically signifi-
cant after which the shear strength remained relatively constant
through 2000 h. For the statistical analysis, the data was trans-
formed using shear strength so the transformed data fit
the normality assumption. The equal variance assumption was
not satisfied, so to determine a difference among group means
a Satterwaite F-test was used ( , -value

) [16]. Differences between group means was determined
using the least square means then adjusting for multiple compar-
isons using the Tukey criteria [17].

Thermal cycling is a concern for the heat spreader attachment
due to the coefficient of thermal expansion (CTE) mismatch
between Cu and Si. To evaluate this, Cu (24 mm 24 mm)
on Si (22 mm 22 mm) test vehicles were assembled for
air-to-air thermal shock testing. The test profile was from

40 C to 85 C, with 10 min at each temperature extreme
and a transition time of 10 s. Figs. 11–14 are representative
scanning acoustic microscopy (C-SAM) images taken during

Fig. 11. C-SAM for assembly with Ti/Au (2000 ��) die before thermal shock
cycles showing some voids, but no delamination. The die in the image is 22 mm
� 22 mm.

Fig. 12. C-SAM for assembly with Ti/Au (2000��) die after 500 thermal shock
cycles showing delamination. The die in the image is 22 mm � 22 mm.

Fig. 13. C-SAM for assembly with Ti/Au (2000 ��) die after 1000 thermal
shock cycles showing delamination. The die in the image is 22 mm � 22 mm.

the thermal shock test. At 500 cycles, partial edge delamination
was observed. The delamination grew slowly with additional
cycles.

Si (Ti/Ni/Au) had previously been evaluated for heat spreader
attachment [18]. In that work, the air-to-air thermal shock test
was from 55 C to 80 C, a slightly wider temperature
range. The Si die was 22 mm 22 mm and the Cu heat
spreader was 24 mm 24 mm. After 2000 cycles, only slight
edge delamination was found, which was much better than the
Si (Ti/Au2000 ) based assembly results in Fig. 14.
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Fig. 14. C-SAM for assembly with Ti/Au (2000 ��) die after 2000 thermal
shock cycles showing delamination. The die in the image is 22 mm � 22 mm.

Fig. 15. Illustration of pull test showing ceramic plate used to reinforce the
10 mm� 10 mm Si die, the aluminum pull stud and the aluminum pull fixture.

C. Gold Thickness Effect for Ti/Au Metalized Die

To evaluate the effect of gold thickness on mechanical
strength and failure mode, 5 mm 5 mm Si on 10 mm

10 mm Si samples were first built with different Au thick-
nesses and pull tested. The pull test is illustrated in Fig. 15. The
bottom 10 mm 10 mm Si die was attached to a ceramic plate
to reinforce the Si. The ceramic plate was epoxy coated on one
surface by the supplier. A clamp was used to clamp the part
and the ceramic plate together during epoxy cure at 150 C for
an hour. The aluminum pull stud was then adhered to the top
5 mm 5 mm Si die. The head of the aluminum pull stud was
pre-coated with epoxy. A clamp was used to clamp the stud
and the part with attached ceramic plate during epoxy cure at
150 C for an hour. The force-loading rate for the pull test was
0.45 kg/s.

The pull strength increased with the Au thickness (Fig. 16).
To correct for the unequal variance a reciprocal transformation
was performed on the data. An ANOVA F-test showed a differ-
ence between the group means. ( , -value

). Tukey’s pair wise test showed a statistical difference
between the 500, 1000, 2000 and 3000 samples [17]. The dif-
ference between the 3000 and 4000 samples was not statisti-
cally significant at the 95% confidence level.

There was significant interfacial failure area (exposed Ti) for
the assemblies with 500 and 1000 of Au. The dark areas in
Figs. 17 and 18 are Ti.

For the 2000- Au assembly, a portion of the pull fracture
surface was still at the Ti layer as seen from Fig. 19(a)–(c). The

Fig. 16. Pull strength as a function of Au thickness for Ti/Au metallized Si die.

Fig. 17. Photograph of fracture surface after pull testing for Ti/500 �� Au test
die. The die size is 5 mm � 5 mm.

Fig. 18. Photograph of fracture surface after pull testing for Ti/1000�� Au test
die. The die size is 5 mm � 5 mm.

TABLE I
EDS “A”, 2000 �� Au DIE FRACTURE SURFACE

failure surface had Ti, but no Au as shown from Table I—EDS
“A.” The area labeled EDS “B” was In (Table II)

For the 3000- Au assembly, Fig. 20(a) is an X-ray image
before pull and Fig. 19(b) is the pull fracture surface optical
image. Corresponding voids are seen in both images. Some of
the voids were though the thickness of the joint and were seen on
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TABLE II
EDS “B,” 2000 �� Au DIE FRACTURE SURFACE

Fig. 19. SEM images for pull fracture surface for assembly with 2000-�� Au
die: (a) x40, (b) x220, and (c) x950.

opposing pull fracture surfaces. Fig. 19(c)–(e) are the fracture
surface SEM images.

The void surface had Ti but no Au (Table III—EDS “C”).
Most of the remaining fracture surface was In as seen from
EDS “D” and “E” (Tables IV and V). There were also some

m size failure surfaces (denoted as F). Higher Au and
In composition were found at these sites as seen in EDS “F”
(Table VI). This surface is physically close to the IMC (some
Au, but more In was detected—the Au and In ratio did not cor-
respond to AuIn ).

For 4000- Au samples, Fig. 21(a)–(c) are the pull fracture
surface SEM images. There were no large voids. Most of the
fracture surface was In as seen from EDS “G” (Table VII). Other
fracture surfaces (EDS “H”) and (EDS “I”) were closer to the
IMC layer (some Au, but more In was detected (Tables VIII and
IX).

The fracture surface composition analysis of the 4000- and
3000- Au assembles only showed minor differences with the
exception of the larger voids. These voids resulted in local-
ized noncontinuous IMC formation. For the 4000- assemblies,
the IMC was found by TEM to be more continuous than the
3000- -based assembly. The 4000- pull fracture surface had
little exposed Ti, even though some samples had slight voiding
as determined by X-ray inspection.

Fig. 20. (a) X-ray image for 3000-�� Au assembly. (b) Fracture surface optical
image. (c) SEM x40. (d) SEM x150. (e) SEM x950.

TABLE III
EDS “C”, 3000-�� Au DIE FRACTURE SURFACE

TABLE IV
EDS “D”, 3000-�� Au DIE FRACTURE SURFACE

To further study the large voids, void analysis and its relation-
ship with pull strength was evaluated for 3000- Au assemblies.
The assemblies were inspected by X-ray for voids (Fig. 22). An
image processing program was used to calculate the void area
percentage. The pull strength as a function of void percentage is
plotted in Fig. 23. The pull strength decreased as the void level
increased. With minor voiding, the pull strength was close to
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TABLE V
EDS “E”, 3000-�� Au DIE FRACTURE SURFACE

TABLE VI
EDS “F”, 3000-�� Au DIE FRACTURE SURFACE

Fig. 21. SEM image for pull fracture surface for assembly with 4000-�� Au
die: (A) X40, (B) X950, and (C) X950.

TABLE VII
EDS “G”, 4000-�� Au DIE FRACTURE SURFACE

TABLE VIII
EDS “H”, 4000-�� Au DIE FRACTURE SURFACE

that of the 4000- assemblies. It should be noted, the curve fit
line should not be extrapolated to 0-kg pull strength at

TABLE IX
EDS “I”, 4000-�� Au DIE FRACTURE SURFACE

Fig. 22. Example X-ray image showing voids. The die size is 5 mm � 5 mm.

Fig. 23. Void area versus pull strength (for 3000-�� Au metallized die).

voiding. It is believed the voids are process related and not re-
lated to the Au thickness.

Shear strength was evaluated as a function of increasing gold
thickness. Cu (10 mm 10 mm) on Si (5 mm 5 mm) sam-
ples were built and shear tested. Assemblies with 3000- and
4000- of Au had similar shear strength with shear failure in
the bulk indium layer. Assemblies with 2000 of Au had lower
shear strength (Fig. 24) and some samples showed significant Ti
exposure in the fracture surface. Again an ANOVA F-test was
used to determine if there was a difference between group means
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Fig. 24. Shear strength as a function of Au thickness for Ti/Au metallized Si
Die.

( , ). Tukey’s pair-wise test deter-
mined the difference between the 2000- samples and the 3000-
and 4000- samples was statistically significant, while the dif-
ference between the 3000- and the 4000- samples was not.

With a flat Cu heat spreader attached, the solder joint is pri-
marily in shear during the thermal shock test. Since 3000- Au
and 4000- Au assemblies had similar shear strength, the de-
cision was made to use Si die with 3000 of Au for the next
series of tests. In volume production, the cost of the Au layer
must be considered.

D. Heat Spreader Attach Reliability With Ti/Au 3000 and
Ti/Ni/Au Metalized Die

Ti (1000 )/Au (3000 ) and Ti (1000 )/Ni (2700 )/Au
(1000 ) metallized die were prepared. The Ti/Ni/Au die-based
assembly was used as the control. To simulate a real product
application, only Cu on Si was used in this part of the study. Cu
(10 mm 10 mm) on Si (5 mm 5 mm) was used for multiple
reflows and thermal aging tests. Cu (24 mm 24 mm) on Si
(22 mm 22 mm) was used for thermal shock cycle tests.

The lead-free reflow test profile used was the same as in
Fig. 7. The die shear strength as a function of multiple reflows
for Ti/Ni/Au and Ti/Au metallized Si die is plotted in Fig. 25.
A two-way ANOVA showed the statistical effect on mean shear
strength was due to material type ( , -value

), number of reflows ( , -value )
and the interaction between the two variables ( ,

-value ). Equal variance on the two-way data was
confirmed using only the examination of the qq-plot of resid-
uals and the residual versus predicted value plots, because the
formal test results are not feasible for these data sets. Using
Tukey’s pair-wise test, there was no statistical significant dif-
ference in the as-built samples between Ti/Au and Ti/Ni/Au.
There was a statistically significant difference (increase in shear
strength) for the Ti/Au samples between as-built and after 1 to
5 reflows, while there was no statistically significant effect of
reflow on the Ti/Ni/Au samples. The Ti/Au samples had higher
mean shear strength (statistically significant) after multiple re-
flows compared to the Ti/Ni/Au.

Fig. 25. Die shear strength as a function of number of reflows for Ti/Ni/Au and
Ti/Au 3000-�� metallized die.

Fig. 26. Die pull strength as a function of reflows for Ti/Ni/Au and Ti/Au
3000-�� metallized die.

Die pull tests were performed on assemblies with the two
die metallurgies after multiple reflows (Fig. 26). An ANOVA
F-test showed no statistical effect due to material (

, -value ), number of reflows ( ,
-value ), or the interaction of the two ( ,
-value ). The differences in pull strength were not

statistically significant as a function of metallurgy or reflow
cycles.

The thermal aging test was performed at 120 C. Fig. 27
plots the shear test results after aging. A two-way ANOVA
F-test showed no statistically significant difference in shear
strength between Ti/Au and Ti/Ni/Au ( ,

-value ), but there was a statistical effect on the
group mean due to aging ( , -value )
and the interaction between the two variables ( ,

-value ). The difference in the Ti/Au sample be-
tween initial and after 1000 h at 120 C was not statistically
significant, while the difference between initial and after 1000 h
at 120 C was statistically significant for Ti/Ni/Au.

Die pull test were performed as a function of 120 C aging
(Fig. 28). There was no statistically significant variation in the
pull strength as a function of aging for assemblies with either
metallization. According to the two-way ANOVA F-test the
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Fig. 27. Die shear strength as a function of aging at 120 C for Ti/Ni/Au and
Ti/Au 3000 �� metallized die.

Fig. 28. Die pull strength as a function of aging at 120 C for Ti/Ni/Au and
Ti/Au 3000 �� metallized die.

Fig. 29. Typical C-SAM images for assemblies after 2X reflows. (a) TiAu and
(b) Ti/Ni/Au showing some voiding, but no delamination. The die size is 22 mm
� 22 mm.

mean pull strength of Ti/Ni/Au was slightly higher (statistically
significant) than for Ti/Au. ( , -value )

The air-to-air thermal shock cycle test profile was from
40 C to 85 C, with 10-min dwells at each temperature ex-

treme and a transition time of 10 s. Figs. 29–32 show examples
of C-SAM images for assemblies after 2X lead free reflows
then 500, 1000, and 2000 air-to-air thermal shock cycles. The
assembly was Cu (24 mm 24 mm 1 mm) on Si (22 mm

Fig. 30. Typical C-SAM images for assemblies after 500 thermal shocks.
(a) TiAu and (b) Ti/Ni/Au showing some voiding, but no delamination. The die
size is 22 mm � 22 mm.

Fig. 31. Typical C-SAM images for assemblies after 1000 thermal shocks.
(a) TiAu and (b) Ti/Ni/Au showing some voiding and the beginning of edge
delamination. The die size is 22 mm � 22 mm.

Fig. 32. Typical C-SAM images for assemblies after 2000 thermal shocks.
(a) TiAu and (b) Ti/Ni/Au Showing some voiding and increasing edge delami-
nation. The die size is 22 mm � 22 mm.

by 22 mm). There was no delamination for both Ti/Au and
Ti/Ni/Au-based assembly after the initial 2X reflows (Fig. 29)
or after 500 cycles (Fig. 30). After 1000 cycles, slight edge
delamination was observed (Fig. 31) with both die metallurgies.
The edge delamination occurred at the die–indium interface.
After 2000 cycles, delamination progressed slightly with both
die metallurgies (Fig. 32). There was little difference in the
thermal shock results for assemblies with Ti/Ni/Au and Ti/Au
(3000 ) die. The delamination for the Ti/Ni/Au samples after
2000 cycles was comparable to the original test [18].

II. DISCUSSION

During initial assembly with the Ti/Au metallization, the Au
is completely consumed and forms AuIn . During subsequent
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high-temperature exposures (lead-free solder reflow and high-
temperature aging) no additional intermetallic can form. The
melting point of AuIn is 539 C and does not melt during
lead-free reflow at 260 C. Lui, et al. reported very low wet-
ting angles for In-to-AuIn [19]. Thus, intermetallic growth or
melting does not provide a mechanism for degradation during
subsequent thermal exposure. The experimental die shear and
pull tests after multiple reflow cycles and after thermal aging
support this conclusion. Increasing the initial Au thickness pro-
duces a more continuous AuIn layer. At 3000 , the AuIn
layer is nearly continuous. For thick 6- m Au on Cu, Lui, et
al. reported both a wavy, continuous AuIn layer and floating
islands of AuIn in the In layer [19]. Given the much thinner
Au layer in this work, no floating islands were observed in the
as-fabricated samples. TEM and SEM analysis did not show
AuIn floating islands within the In layer even after high-tem-
perature exposure as reported by [4] for Ni/Au metallization.
The AuIn remained adhered to the Ti layer. The larger voids in
the Ti/Au (3000 ), which corresponded to exposed Ti areas in
the pull test fracture surfaces, are believed to be process induced
voids and not specific to the 3000- Au samples. Without these
voids, the pull strength of the 3000- Au samples was compa-
rable to the 4000- Au samples. The primary failure mode for
both Au thicknesses was ductile fracture of the In.

III. CONCLUSION

For indium soldering with Ti/Au thin film die metallization,
the Au was consumed during soldering forming AuIn . There
was no Ti–In IMC formation found; however, the attachment
had good strength. The die shear and pull strength was not de-
graded significantly after multiple reflow or thermal aging.

Ti/Au (2000 ) die-based Cu heat spreader attach (24 mm
24 mm Cu on 22 mm 22 mm Si) had early delamination

during air-to-air thermal shock testing compared with Ti/Ni/Au
die-based assembly.

With increasing Au thickness, the pull strength increased (Si
on Si assembly). Ti/Au 2000 had significant exposed Ti at the
pull failure surface. Ti/Au (3000 ) assembly had a small per-
centage of voids that exposed Ti in the pull failure surface. The
voids degrade the assembly pull strength compared with Ti/Au
(4000 ). Ti/Au (3000 ) (Cu on Si) and Ti/Au (4000 ) had
similar shear strength, while Ti/Au (2000 ) had lower shear
strength.

Ti/Au (3000 ) die-based Cu heat spreader attach had mul-
tiple reflow, thermal aging and thermal shock reliability com-
parable to Ti/Ni/Au metallized Si die. Ti/Au is a viable die
backside metallization for Cu heat spreader attachment with In
solder.
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