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Introduction 

Low Temperature Transient Liquid 
Phase (LTTLP) Bonding for Au/Cu 
and Cu/Cu Interconnections 
The Low Temperature Transient Liquid Phase Diffusion Bonding (L TTLP) process 
has been used to reduce the residual stresses and hence, improve the thermal fatigue 
performance of bonds between dissimilar electronic packaging materials. Aluminum 
oxide plated with either gold or copper has been bonded to copper heatsinks at 
temperatures less than 160Â°C using In-Sn eutectic solders. After two hours at the 
bonding temperature, Cu/In-Sn/Cu joints exhibit a remelt temperature in excess of 
470Â° and provide static strengths up to four times greater than the original solder 
bonds. Au/In-Sn/Cu joints do not exhibit a high remelt temperature due to the 
formation of a stable Au-In-Sn phase which melts below 130Â°C Both types ofjoints 
exhibited acceptable thermal fatigue performance for the conditions which were 
studied, 

Advances in microelectronics have allowed the integration 
of tremendous functionality into very small physical structures. 
But even though design and process technologies evolve and 
reduce the size of the individual circuit elements, the higher 
levels of complexity have in fact caused these integrated cir- 
cuites to grow larger. For these larger components the stress 
caused by the differential coefficient of thermal expansion 
(CTE) of materials during attachment must be considered for 
reliable operation. When a component is attached with a con- 
ventional solder, the minimal stress point is at the temperature 
where the solder solidifies. The component, solder, and sub- 
strate contract at different rates and much of the stress due 
to these contractions becomes locked in the bond. The larger 
the CTE mismatch and the higher the attachment temperature, 
the larger the differential contraction. The larger the size of 
the component, the larger the absolute magnitude of the stress 
developed. 

Matching the CTE of the component to its substrate is pos- 
sible but can be expensive. Reduction of the bonding temper- 
ature using conventional mounting alloys is only possible to 
the extent that there is an allowance for a reasonable temper- 
ature margin in service. Die attach adhesives can allow at- 
tachment at a relatively low temperature, but adhesives are 
limited in both thermal and electrical conductivity, even when 
filled with metal. Solder alloys are desirable when higher elec- 
trical and thermal conductivities are required as with high 
power silicon or gallium aresenide dies. 

The ideal process would attach a component with solder at 
a low temperature, minimizing the stress level, but would with- 

stand higher temperatures to allow higher levels of assembly 
or permit high temperature operation of the component itself. 
A joining process called Low Temperature Transient Liquid 
Phase (LTTLP) bonding offers this potential. 

LTTLP bonding occurs when some of the base metal dis- 
solves into the solder alloy and causes an isothermal soldifi- 
cation of the bond. The bond reflow temperature becomes 
much higher than the bonding temperature. With die attach 
in the 160Â° (320Â°F temperature range, components can be 
bonded in the range of power die operating temperatures with 
lower accumulated stress than with conventional eutectic die 
attach processes. 

Other current chip bonding technologies are Au-Sn eutectic 
bonding and epoxy bonding. Au-Sn eutectic is favorable be- 
cause of its high heat dissipation capability. However, its high 
processing temperature contributes to a high residual stresses. 
Moreover, although epoxy bonding has the ability to be proc- 
essed at low bonding temperatures and to exhibit low residual 
stress, it nevertheless, exhibits low heat dissipation capability. 
LTTLP bonding is the only technology among these attach- 

Table 1 Comparison of advantages of  three bonding 
technologies 
Bonding Au-Sn Epoxy LTTLP 
technologies Eutectic 

Heat dissipation capability high low high 
Processing temperature high - low - low 
Residual stresses high low - low - 
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Fig. 1(a) Original thicknesses of Aulln-SnlCu samples before heat treat- 
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Fig. 1(b) Original thicknessesof Culln-SnlCusamples before heat treat- 
ments 
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Fig. 2 Binary phase diagram of In-Sn [4] 

ment processes that has all the desired characteristics (see Table 
1). 

This paper investigates the development of LTTLP bonding 
using 52 percent In-48 percent Sn solder material for Au/In- 
Sn/Cu and Cu/In-Sn/Cu joints. The base materials consist of 
an aluminum oxide flip chip carrier and a copper heatsink. 

Experimental Procedure 
LTTLP bonding uses conventional soldering techniques to  

initiate the bond. The solder joint is then held at  the soldering 
temperature for an extended time such that isothermal soli- 
dification occurs. 

Materials System. Initially, the Au/In-Sn/Cu system 
shown in Fig. l(a) was studied. Later, the Cu/In-Sn/Cu system 
(see Fig. l (b))  was proposed as an alternative to  Au/In-Sn/ 
Cu system. The Au or  Cu  electroplated ceramic has dimensions 
of 2.03 cm x 2.03 cm x 0.15 crn. The Cu spacer dimensions 
are 0.64 cm x 0.64 cm x 0.08 cm. 

Materials Preparation. Samples were manually soldered 
using 52 percent In-48 percent Sn with RMA-F flux and a 

, solder temperature range of 180Â°C-2050 (see Fig. 2). This 
range allows the solder t o  flow within one to  three seconds. 
The mass of solder paste used was 0.025g. To avoid solder 
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Fig. 3 Culln-Snffiu LTTLP bond, HT = IWC, ST = 180Â°C k2.25 h, 
RT >470Â° 
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Fig. 4 Aulln-SnICu LTTLP bond, HT = 14SÂ°C t=2.25 h, RT = 120% 

degradation, the In-Sn paste was refrigerated when not in use. 
The paste was brought to  room temperature before application 
to avoid condensation residues. Samples were weighed to de- 
termine the mass of paste in the bond. 

Heat Treatment. Prior t o  heat treatment, all samples were 
fixtured using VIier screws [2] with 16 psi of pressure to produce 
a uniform bondline and to expel excess solder. A bondline of 
approximately 25 pm to 50 pm thickness was produced [3]. 
After soldering, both the Au/In-Sn/Cu and the Cu/In-Sn/Cu 
samples were heat treated at H T  = 145-C with bonding times 
of t = 0.5-13 hours. 

Temperature Testing (Remelt Test). Shear testing at ele- 
vated temperatures was used to determine the remelt temper- 
ature of the bond after it has been heat treated [I]. The remelt 
temperature is related indirectly to  the bond creep strength. 

Characterization. Composition profiles were measured 
with the use of the Scanning Electron Microscope and the 
Microprobe (EPMA). The trends indicate which constituent 
is the diffusion limiting species, which constituent phases are 
present, and the relative amounts of the constituents. 

Determining Reliability of Bonds. Thermal cycling was 
performed up to 2500 cycles from OeC t o  70Â°C The cycle 
period was 4 minutes 10 seconds with a ramp rate of 5 sec and 
a dwell time of 2 minutes. Room temperature shear tests were 
performed to test the mechanical strength of bonds before and 
after thermal cycling and thus, to indicate bond reliability over 
time. 

Results a n d  Discussion 

Bond Structure. Figure 3 illustrates the Cu/In-Sn/Cu sys- 
tem after completion of the LTTLP bond after a 2.25 hour 
heat treatment at 145Â°C The black material in the lower por- 
tion of the figure is the aluminum oxide substrate. This is 
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Fig. 5 Composition Profile: bond composition versus bond distance; 
Culln-SnICu system, solder T = 180-205OC, f = 2.25 h, T = 145OC 
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Fig. 6 Composition distribution of Fig. 5 
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Fig. 7 Composition profile: bond composition versus bond distance; 
Aulln-SnICu system, solder T = 180-20SÂ°C k 2 2 5  h, T = 145'C 
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Fig. 8 Composition distribution for Fig. 7 

followed by a layer of manganese and molybdenum used to 
metallize the ceramic substrate and an electroless nickel plate. 
Next, is the plated copper layer followed by the Cu-In-Sn 
LTTLP bond. The second solid copper piece is seen at the top 
of this figure. After the heat treatment, the copper plate has 
been reduced from 28pm thickness to approximately 7pm. 

Figure 4 shows a similar bond made in the Au/In-Sn/Cu 
system. The original gold plate adjacent to  the manganese 
molybdenum had a nickel underplate, however, none of the 
gold plate nor the underplate is present after LTTLP. It is seen 
that the In-Sn solder has a strong tendency t o  dissolve the gold 
plating. 

This is confirmed by the microprobe traces. Figures 5 and 
6 show the results for the Cu/In-Sn/Cu system bonded at 

Table 2 Thermal cycling data: Cu/In-Sn/Cu system, 
HT = 14S0C. ST> 180Â°C t = 2.25hr. RT>470Â° 

Cycles Pressure (psi) 

Table 3 Thermal cycling data: AuAn-Sn/Cu system, HT = 
145OC. ST> 180Â°C t = 2.25hr, RT> 47O0C 
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Fig. 9 Composition profiles of 50 percent In-50 percent Sn in Aulln-Snl 
Cu system at t=  0 and 0 0  

145'C. It is seen that there are two intermediate Cu-In-Sn 
phases present between the solid copper adherends. 

Figures 7 and 8 show the microprobe results of the Au/In- 
Sn/Cu system after LTTLP at  145'C. Although there is more 
scatter in the data, comparison of this data with similar samples 
processed at 149-C and 153OC, and 157Â° show that three 
phases are present. Phases A and B are essentially the same 
as those found in the Cu/In-Sn/Cu system; however, phase C 
is an In rich phase containing approximately 25 percent gold. 

As will be discussed subsequently, the differences between 
these two bond systems can be understood by considering the 
diffusion tendencies of In and Sn in both Au and Cu substrates. 

Bond Strength. The consistency of the bond creep strength 
is strongly correlated with the remelt temperature. For the 
Au/In-Sn/Cu system, the LTTLP bond exhibited a remelt 
temperature of 120'C and had considerable variation in 
strength from sample to  sample (see Table 3). For the Cu/In- 
Sn/Cu system, the remelt temperature was greater than 470Â° 
and had a shear strength of more than 2000 psi after a heat 
treatment of 2.25 hours. Table 2 shows that the joint strength 
was much less variable than in the Au/In-Sn/Cu system. There 
were no significant changes in shear stress in the Cu/In- 
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Differential Scanning Calorimetry (DSC) measurements were 
made on bulk samples with compositions similar to Phases B 
and C seen in Figs. 6 and 8. The results verify that the melting 
point of phase C for the Au/In-Sn/Cu system is about 120Â°C 
and the melting point of phase B for the Cu/In-Sn/Cu system 
is 605'C. This suggests that the nresence of an Au-rich phase 
C acts as a severe melting point depressant causing the bond 
to fail at 120Â°C 

Conclusions 
The LTTLP bond process for Cu/In-Sn/Cu joints exhibit 

remelt temperatures greater than 470Â° and thus greater bond 
strengths than the Au/ln-Sn/Cu system, which forms a stable 
low melting Au-In-Sn phase. In and Sn, originally at a high 
energy state in the solder, preferentially diffuse to the lower 
activity state created at the Au interface. Au traps the In and 
Sn so that diffusion times for the In-Sn-Au phase into the 
adjacent Cu rich phase are very long. Thus, the Cu/In-SdCu 
system is more advantageous due to its ability to produce high 
melting intermetallics at  short bonding times. These higher 
melting phases are more resistant to deterioration during ther- 
mal cycling than are Au/In-Sn/Cu bonds. 
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