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This report presents experimental results on 58Bi-42Sn solder joints, optical and SEM 
microstructures of their  matrix and of their interface with copper, solidification behav- 
ior studied by differential scanning calorimetry, wettabil i ty to copper, creep, and low 
cycle fatigue. These results are discussed in comparison with 60Sn-40Pb solder, and 
with three low temperature  solders, 52In-48Sn, 43Sn-43Pb-14Bi, and 40In-40Sn-20Pb. 
The 58Bi-42Sn solder paste with RMA flux wets Cu matrix with a wett ing angle of 35 ~ 
and had a 15~ undercooling during solidification. The constitutive equation of the 
steady state shear strain rate, and the Coffin-Manson relation constants for the low 
cycle shear fatigue life at 65 ~ C have been determined. The test results show that  this 
solder has the best creep resistance but  the poorest fatigue strength compared with the 
other four solders. 
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I. I N T R O D U C T I O N  

The eutectic 58Bi-42Sn alloy is a possible solder 
for use in low temperature soldering. Low temper- 
ature soldering refers to the soldering at tempera- 
tures between 170-200 ~ C, 1-4 as compared to the 
usual soldering temperatures  around 250~ with 
eutectic or near-eutectic Sn-Pb solders of the melt- 
ing points around 183 ~ C. Low temperature solder- 
ing is necessary when electronic devices to be 
soldered are prone to thermal damage. It can also 
reduce the risk of thermal shock induced by the 
thermal expansion mismatch among different ma- 
terials in an electronic package. Step soldering is 
another application for low temperature solders and 
is commonly used when soldering a device requires 
more than one step; the solder used for subsequent  
step should have a lower melting point than that  
used for the previous step. 

Low temperature  solders are usually cadmium-, 
indium- or bismuth-containing alloys that  have 
melting points ranging between 45 ~ C-170 ~ C. 5-7 The 
toxicity of Cd-containing solders makes them un- 
suitable for industrial use. The feasibility for lower 
temperature  soldering of both In- and Bi-containing 
solders has been tested, but  In-containing solders 
are relatively more expensive. 

Despite their increased applications in the elec- 
tronic packaging industry, the mechanical proper- 
ties of low temperature solders have not been well 
studied. Solder joints made of four different alloys 
(in weight percent) 58Bi-42Sn (eutectic), 52In-48Sn 
(eutectic), 43Sn-43Pb-14Bi, and 40In-40Sn-20Pb, 
have been characterized in this laboratory. The re- 
sults of creep tests of the last three solders listed 
above were reported previously, s This article pre- 
sents the results on 58Bi-42Sn solder joints, the op- 
tical microstructure of the matrix and of the inter- 
face with copper, solidification behavior studied by 
differential scanning calorimetry (DSC), wettabil- 
ity to copper, creep, and low cycle fatigue. These re- 
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sults are discussed in comparison with near-eutectic 
60Sn-40Pb solder and with the other three low tem- 
perature solders. 

The 58Bi-42Sn alloy melts at 139 ~ C. 9 This alloy 
has been known and used for a long time as a cast- 
ing and pat tern alloy, distinguished by its excellent 
mobility in the molten state, and especially a zero 
shrinkage upon solidification. Other physical and 
mechanical properties of this alloy published in the 
l i terature 4,7,1~ are listed in Table I. The alloy has 
a stronger shear strength and longer joint life than 
the eutectic Sn-Pb solder at  temperatures  between 
20~ ~ C. 4 Fatigue life study by Wild 12 showed that 
the eutectic Bi-Sn alloy was less fatigue resistant 
than the eutectic Sn-Pb solder. The wettabil i ty of 
this alloy on a Cu matrix was comparable with that  
of the eutectic Sn-Pb solder when a newly developed 
flux was used. 3 

II. EXPERIMENTAL P R O C E D U R E S  AND 
R E S U L T S  

The chemical composition of the 58Bi-42Sn alloy 
used in this study is listed as 58.0 wt.% Bi, 42.0 
wt.% Sn, with impurities of 15 ppm Ag, 20 ppm In, 
<2 ppm Cd, <2 ppm Ni, 10 ppm Cu, 75 ppm Sb, 5 
ppm Fe, 2 ppm T1, and 500 ppm Pb. The alloy was 
provided by Indium Corp. of America in the form of 
solder paste which is a blend of 88 wt.% metallic 
powder sized between 44 to 74 fLm (mesh - 2 0 0 /  
+325) and 12 wt.% mildly activated rosin flux (type 
RMA). 

DSC Tests 

Differential scanning calorimetry (DSC) was used 
to characterize temperatures  and the kinetics for 
melting and solidification of solder paste. In a DSC, 
two sample holders, one with a drop of solder paste 
and one without, are heated up and cooled down. 
The difference in the absorbed heat  between two 
holders is recorded as function of temperature. When 
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Table I. Some Physical and Mechanical Properties of  Eutectic Sn-Bi Alloy 

Melting Point Density Vlmn Change Specific Heat Thermal Expansion 
(~ (kg/m ~) Liquid to Solid (cal/g/~ (mm/mm/~ 

138 8700 +0.77% 0.045 0.000015 
Ref. 9 Ref. 10 Ref. 10 Ref. 10 Ref. 10 

Surface Tension Hardness Shear Strength Shear Strength 
(dyne/cm) (HB) (N/mm 2) (N/ram 2) 

391 22 50 (at 20 ~ C) 19.5 (100 ~ C) 
Ref. 11 Ref. 11 Ref. 7 Ref. 7 

the difference is positive, the solder paste is 
undergoing an endothermic reaction, and vice versa. 
The heating and cooling rates of the DSC were set 
to be 40 ~ C/min  which are close to the heating rate 
of the furnace that  was used to make solder joints 
for creep and fatigue tests. A solder paste sample 
was heated from low to high temperatures until it 
melted and then cooled to low temperature through 
solidification; the heating and cooling cycle was re- 
peated three times. 

Figure l(a) plots the DSC result of a 58Bi-42Sn 
solder paste sample. The curves of the second and 
third heating-cooling cycles are very close, but  they 
are different from that  of the first cycle. This is due 
to the presence of the flux in solder paste during the 
first heating-cooling process. There is only one peak 
during heating and one dip during cooling in Fig. 
l(a), indicating melting and solidification processes. 
The Sn-Bi phase diagram 9 indicates that  the eutec- 
tic 58Bi-42Sn alloy melts and solidifies at a single 
temperature,  139 ~ C; the DSC curve of 58Bi-42Sn 
alloy shows that  the alloy started to melt at  about 
140 ~ C and finished at about 160 ~ C. The alloy did 
not begin to solidify until being cooled below 123 ~ C. 
Figures l (b -e )  include DSC curves for eutectic Sn- 
Pb and Sn-In, and non-eutectic 40In-40Sn-20Pb and 
43Sn-43Pb-14Bi solder pastes. It is noticed that  the 
undercoolings (defined here as the difference be- 
tween the melting start  temperature and solidifi- 
cation start  temperature) for the three eutectic al- 
loys are about  10 to 20 ~ C, while those for the two 
non-eutectic alloys are nearly zero. 

Wettability Tests 

Wetting balance is the most advanced technique 
nowadays for wettabil i ty testing. Because only a 
limited amount of solder paste was available to us, 
this technique was not used. Instead, a simple test  
method was adopted in this study to determine the 
wett ing angle, a, by measuring the height, h, and 
the diameter, L, of a solder joint cap, as explained 
in Appendix I. The wettabil i ty tests proceeded as 
follows: etching a copper plate by dipping it into 
Johnsons Stainless Steel Flux (which consisted of a 
dilute solution of zinc chloride and hydrochloric acid); 
cleaning the Cu plate with alcohol; delivering sol- 
der paste from a syringe onto the copper plate; re- 
flowing the paste on the copper plate in a furnace 
at 20 ~ C above the liquidus temperature of the tested 

paste for three minutes; measuring the height and 
diameter of the solidified solder drop. The other four 
alloys as well as the eutectic Sn-Bi were tested, at  
least eight t imes for each solder. 

The values of the wett ing angle and its standard 
deviation for the five alloys are listed as: 58Bi-42Sn, 
35.42 ~ -+ 1.95~ 43Sn-43Pb-14Bi, 15.93 ~ -+ 1.72~ 40In- 
40Sn-20Pb, 27.58 ~ -+ 3.04~ 52In-48Sn, 28.13 ~ + 1.72 ~ 
and 63Sn-37Pb, 24.67 ~ -+ 2.03 ~ Since the resulting 
wett ing angles are all <90 ~ , all solder pastes are 
wettable with copper. Among the five solders, the 
eutectic Sn-Bi was the worst, when the same flux 
(RMA) was used. It is interesting to observe that  
58Bi-42Sn solder beads after solidification have 
"shiny" looks, the surface of the solder beads are 
very smooth and light-reflective. This phenomenon 
is probably related with the oxide-free melting be- 
havior mentioned in Ref. 4. 

Optical Microstructure 

Solder joints made by reflowing solder paste (as 
described later in the Creep Tests section) were cut 
using an ISOMET diamond blade saw to expose the 
solder joint cross section. Specimens were then cold- 
mounted, ground, mechanically polished with light 
pressure, and then observed under an optical mi- 
croscope. 

Pictures in Fig. 2 show the lamellar structures of 
this alloy. The two pictures show the same area of 
a joint, however, the top picture was taken when 
the joint  was as-polished, while the bottom one was 
taken after the joint had been etched with a solu- 
tion of 93% methanol, 5% HNO3, and 2% HC1. Be- 
cause it at tacks Sn-rich phase only, the etchant re- 
versed the contrast of the two pictures. Therefore, 
the darkly and lightly colored areas in the bottom 
picture are the Sn-rich and Bi-rich phase regions, 
respectively; and vice versa in the top picture. It is 
noticed that  at the top left or bottom right corners 
in the pictures, there are some small and round dots; 
they are probably the Bi-precipitate particles in the 
Sn-rich phase. The phase diagram of this alloy in- 
dicates that the solubility of Bi in Sn reduces sharply 
from 21 wt.% at the melting point (139 ~ C) to about 
4 wt.% at 20 ~ C. 

The lamellar structure of the eutectic Bi-Sn is 
similar to that  of the eutectic Sn-Pb with some dif- 
ferences. The volume ratio of the Pb-rich phase to 
Sn-rich phase in the eutectic 37Pb-63Sn is about 
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Fig. 1 -- Differential Scanning Calorimeter results (three runs indicated as 1, 2, and 3) of five solder pastes: three eutectic, (a) 58Bi- 
42Sn (b) 63Sn-37Pb and (c) 52In-48Sn; and two non-eutectic, (d) 43Sn-43Pb-14Bi and (e) 40In-40Sn-20Pb. 

27:73; while the volume ratio of the Sn-rich phase 
to the Bi-rich phase in the eutectic 42Sn-58Bi is 
about 49:51. In an optical picture of the eutectic Sn- 
Pb, the Pb-rich phase is seen to reside in a matrix 
of the Sn-rich phase; while in a picture of the eu- 
tectic Bi-Sn, the Bi- and Sn-rich phases are more 
mutual ly  related. Colony boundaries are more dif- 
ficult to recognize in the eutectic Bi-Sn solder. 
Sometimes, ~?-phase (CutSns) can be found in a eu- 
tectic Sn-Pb solder joint with Cu matrix, but v-phase 
was never seen in the eutectic Sn-Bi solder joints 
with Cu matrix that  were observed in this study. 

SEM Microstructure 

The scanning electron microscope is used to char- 
acterize solder joint microstructure because of its 
higher magnification power and chemical analysis 
capability. The picture of Fig. 3(a) is a secondary 
electron image, showing an interfacial area be- 
tween 58Bi-42Sn solder (on the right side) and cop- 
per (on the left side). The pictures on Fig. 3(b)-(d) 
are the elemental x-ray maps for Bi, Sn and Cu, 
respectively, taken on the same area of Fig. 3(a). 
Comparing these pictures leads to the following ob- 
servations. 
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10 Bm (a) 

(b) 
Fig. 2 - -  Optical micrographs of a 58Bi-42Sn solder joint, (a) as- 
polished, and (b) etched with a solution of (2% HC1, 5% HNO3, 
93% methanol). Notice the reversed contrasts between the two 
graphs, indicating that  the etching solution attacks only the Sn- 
rich phase not the Bi-rich phase. 

( i )  

(2) 

The Sn- and Bi-maps are complementary. Inside 
the Sn-rich phase small precipitate particles are 
visible in the secondary electron image, while 
the Bi-rich phase areas are very clean. 
At the interface between Cu and the solder, the 
Cu-map has a tooth-match with the Sn-map but  
not with Bi-map. This indicates that  the inter- 
metallic layer formed between Cu and the sol- 
der is a product of Cu with Sn but  not Cu with 
Bi. The Cu-Bi binary phase diagram 9 shows that 
there is no intermetallic phase between Bi and 
Cu, and Cu and Bi are essentially mutual ly in- 
soluble under 270 ~ C. Only a metastable com- 
pound, CusBi2, has been previously reported. 13 
On the other hand, Sn and Cu may form Cu3Sn 
and Cu6Sn~ intermetallics. 9 It is impossible, 
however, to tell from Fig. 3(a-d)  whether  there 
is one or two phases in the interfacial layer. 

(3) Cu atoms can be found a few microns deep from 
the interface into the solder, as seen from the 
Cu map. Cu atoms dissolve into the solder ma- 
trix when the solder is molten, or diffuse into it 
after solidification. It has been reported that  Cu 
atom can diffuse at low temperatures  through 
pure Sn very rapidly due to its interstitial dif- 
fusion mechanisms. 14-16 The interstitial diffu- 
sion usually has a smaller activation energy than 
the substi tutional diffusion, and is probably re- 
sponsible for the fast diffusion of Cu inside the 
Bi-Sn solder. 

Creep Tests 

A detailed description on specimen preparation 
and the creep test  facility has been provided else- 
where. 17a8 The geometry and size of the double-shear 
specimens are shown schematically in Fig. 4(a). Sol- 
der joints are sandwiched between three plates of 
printed circuit board made of epoxy fiber glass coated 
with a patterned pure copper film. Solder joints were 
formed by reflowing solder paste in a furnace at 
120 ~ C for 5 min, 170 ~ C for 3 min, following by air- 
cool. 

Figure 5 shows a typical creep test curve of a 58Bi- 
42Sn solder joint specimen; it has three stages: pri- 
mary, steady state, and tertiary. This is different 
from the creep curves of the eutectic In-Sn or 40In- 
40Sn-20Pb solders which exhibit no primary creep, s 

The steady state strain rate, d~/dt,  depends on 
the applied stress r, and temperature  T (in Kelvin 
scale) according to Power Law 19 

d---~ = A ~ dt e x p ( -  ~ T ) '  (1) 

where AH is the activation energy, R is the gas con- 
stant, and A is a pre-exponential factor depending 
on microstructure. In order to evaluate the param- 
eters in Equation (1), the steady state strain rates 
were determined at the three temperatures  20, 65 
and 90 ~ C. At each temperature,  the steady state 
strain rates at more than five different stress levels 
were measured and ranged between 10 -7 (1/sec) to 
10 -3 (1/sec). Figure 6 plots the steady state strain 
rates versus the applied shear stresses at the three 
temperatures  on a log-log scale. The slope of the lin- 
ear curve fitting through the data points of one 
temperature  gives an evaluation of the stress ex- 
ponents n, in Eq. (1). 

The value of the stress exponent is an indication 
of the creep deformation mechanisms. 2~ For most 
metals, the stress exponents are between 4 to 7 when 
they creep through dislocation climb; or are close to 
2 when they creep by grain boundary sliding which 
is the mechanism for superplasticity. It is seen from 
the curves in Fig. 6 that the stress exponents of 58Bi- 
42Sn at 20 ~ 65 ~ and 90 ~ C are between 4.1 and 4.6. 
The eutectic In-Sn and 40In-40Sn-20Pb solders, on 
the other hand, exhibit stress exponent values be- 
tween 2 and 3. 8 
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(a) secondary electron image CO) Bi map 

(C) Sn map (d) Cu map 

Fig. 3 -- (a) Secondary electron image of a 58Bi-42Sn solder joint and its x-ray elementary maps of (b) Sn (c) Bi and (d) Cu. 

Fig. 4 -- (a) double-shear and (b) single-shear specimens for creep 
and fatigue tests of solder joints, respectively. 

The act ivat ion energy as well as the other  param- 
eters in Eq. (1) for the eutectic Sn-Bi solder were 
es t imated  by the least-square curve f i t t ing of the 
s t ra in  ra tes  vs shear  stress da ta  at  all three  tem- 
peratures .  The values  of the  t hus  de te rmined  pa- 
ramete rs  are, 

__d~' (1/sec) = 5.5403 • 10 7 T4.o514 
dt 

exp(  16"852)t~-~ ] (2) 

where v and ~ have the units of psi and Kcal/mole,  
respectively. The qual i ty  of the  curve-fi t ted can be 
seen in Fig. 7 where  the normalized s teady s ta te  
strain rates, d~//dt exp(~rI/RT), versus applied shear 
stresses are plotted for the  da ta  at  the  three  differ- 
ent  tempera tures .  I f  the  curve-fi t ted act ivat ion en- 
ergy and other  pa ramete rs  are correct, the  normal-  
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Fig. 5 - -  A typical curve of creep tests of 58Bi-42Sn solder joints. 

ized strain rates versus applied stress curves at 20 ~ 
65 ~ and 90~ should be co-linear, and the linear 
line should be closely represented by Eq. 2. 

Figure 8 compares the data of steady state shear 
strain rates vs shear stresses at 65 ~ C of the eutectic 
Bi-Sn solder with the other three low temperature 
solders and the 60Sn-40Pb solder. It is seen that the 
eutectic 58Bi-42Sn is the strongest among the five 
solders. The strain rates under the same stress vary 
more than three orders of magnitude between the 
softest eutectic In-Sn and the hardest eutectic Bi- 
Sn. Ductility of the eutectic Sn-Bi solder joints, 
however, was only about 20-25% in contrast with 
more than 60% for the 43Sn-43Pb-14Bi solder, more 
than 100% for the eutectic 52In-48Sn solder, and 
more than 150% for 40In-40Sn-20Pb solder, s 
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Fig. 6 - -  Creep test results of steady state strain rate vs shear 
stress for 58Bi-42Sn solder joints tested at 20, 65 and 90 ~ C. 
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Fig. 7 - -  Plots of the normalized shear strain rate (dT/dt exp(zaI-1/ 
RT)) vs shear stress determined for 58Bi-42sn solder joints tested 
at 20, 65 and 90 ~ C. The fitted curve is expressed as Eq. (2) in 
the text. 

Low Cycle Fatigue Tests 

The geometry and size of the single-shear speci- 
mens shown schematically in Fig. 4(b) are used for 
shear fatigue tests. Specimens for fatigue tests were 
made in a method similar to that for creep test spec- 
imens with some modifications. The detailed infor- 
mation has been provided elsewhere. 21'22 In fatigue 
tests, solder joint specimens were strained back and 
forth cyclically at constant strain amplitude and 
constant temperature. The load amplitude (maxi- 
mum load-minimum load) of each cycle was re- 
corded as a function of the cycle number. The fa- 
tigue life is defined as the cycle after which the load 
amplitude drops to 50% that of the initial cycle, as 
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suggested by Solomon. 23 The frequency of the tests 
are slow, roughly 10 min per cycle, with the strain 
rate on the order of 10 4 1/sec. A saw-tooth strain 
versus t ime profile is used. The shear strain is de- 
fined as the displacement/solder joint thickness. The 
total strain amplitude during a fatigue cycle, A% is 
defined as the amount of strain between the mini- 
mum load and maximum load. 

Figure 9(a) shows a typical fatigue test result  for 
58Bi-42Sn solder joints. It is seen that  the load am- 
plitude stayed relatively constant during initial 
loading cycles, then decreased to zero with an ac- 
celerated speed. This appeared to be a result of crack 
initiation and then propagation. The In-containing 
solders (52In-48Sn and 40In-40Sn-20Pb), on the other 
hand, demonstrate an opposite appearance of load 
amplitude versus cycle plot as shown in Fig. 9(b); 
the load amplitude decreased quickly at the begin- 
ning cycles, and gradually slowed afterwards. 

Low cycle fatigue life (Nw) v e r s u s  applied plastic 
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Fig. 10 - -  Fat igue lives, N (defined as the number  of cycles after 
which the stress ampli tude drops to 50% of t ha t  at  the ini t ial  
cycle), vs s t ra in  ampli tudes of strain-controlled fatigue tests  of 
58Bi-42Sn solder joints at  65 ~ C. 

strain (A~/p) data  are usually described by the Cof- 
fin-Manson law 24'25 

(Nw)"ATp = 0 (3) 

where 0 is a constant related with the ductility, the 
exponent a is also a constant typically found to be 
close to 0.5. In this study, however, fatigue tests were 
controlled by the total strain instead of plastic strain. 
Therefore fatigue lives Nf as function of the total 
strain Ay were determined at 65 ~ C and shown in 
Fig. 10. The a and 0 constants are evaluated to be 
equal to 0.35 and 0.114, respectively. The value of 
a is less than 0.5, but similar values (0.37 for ex- 
ample) were reported elsewhere for 60Sn-40Pb sol- 
der. 26 

Figure 11 compares fatigue lives at 20 ~ C for Ay 
= 10% of five solders. The 58Bi-42Sn solder is bet- 
ter than only the 52In48Sn solder and not compa- 
rable with the other three solders. 

DISCUSSION 

This study describes some properties of the eu- 
tectic Bi-Sn alloy, one of low temperature  solders, 
in its joint form, and compares this alloy with the 
other three low temperature  solder alloys and with 
60Sn-40Pb solder that  is not a low temperature  sol- 
der but extensively used in the electronic packaging 
industry. The Bi-Sn solder is distinct from the other 
solders in its high strength (shown by its slow creep 
strain rate) but  poor ductility and fatigue resistance 
(shown by the isothermal strain-controlled fatigue 
tests). A recently raised concern in the electronic 
packaging industry is the thermal  fatigue that  oc- 
curs when materials  connected by solder joints have 
different thermal  expansion coefficients. From this 
point of view, the eutectic Bi-Sn is not recom- 
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Fig. 11 - -  Comparison of average fatigue lives (indicated by the 
heights of shaded columns) of five solders. The bars on the col- 
umns indicate fatigue lives of individual tests. 

mended as a good low temperature solder in com- 
parison with the other low temperature solders, for 
example 40In-40Sn-20Pb and 43Sn-43Pb-14Bi as 
shown in Fig. 11. 

The strong and brittle features of the Bi-Sn solder 
are related with its as-solidified lamellar micro- 
structure. The deformation of an alloy at high ho- 
mologous temperatures  (T/melt ing T) can be ac- 
complished by either dislocation movements (glide 
and climb) or grain and interface boundary move- 
ment  (rotation and slide). In a as-solidified eutectic 
Bi-Sn solder joint, the Sn-rich and Bi-rich phases 
are weaved into mutual ly tangled lamellar ar- 
rangements which make the dislocation passage from 
one phase to another difficult. The relative move- 
ment  at the interphase boundaries is also difficult 
because the affinity between the certain crystallo- 
graphic planes of the Sn-rich phase and Bi-rich phase 
that  developed during side-by-side eutectic growth 
in solidification. However, if its lamellar s t rucuture 
is replaced with an equiaxed grain structure by cold- 
work and recrystallization, this alloy can be very 
soft and ductile. In fact, the 58Bi-42Sn alloy is one 
of the earliest discovered superplastic alloys, along 
with eutectic Sn-Pb alloy, 27 after the alloy was ex- 
truded. 

It was found in DSC tests that  during solidifica- 
tion three eutectic solder alloys have 10-20 ~ C un- 
dercooling while two non-eutecitic alloys have al- 
most zero undercooling. The reason is not known. 
The undercooling is usually required by the nucle- 
ation energy for the new solid phase forming inside 
the liquid solders, it is not known why the eutectic 
phases have higher nucleation energies than the non- 
eutectic phases. 

SUMMARY 

The DSC study indicates that the 58Bi-42Sn melts 
at  about 140 ~ C and solidifies at about 125 ~ C, un- 

der a heat ing and cooling rate of 40 ~ C/min.  The 
eutectic 63Sn-37Pb and 52In-48Sn solders also have 
undercooling (defined as the difference between the 
melting start  temperature  and solidification start  
temperature) of about 10-20 ~ C. The non-eutectic 
43Sn-43Pb-14Bi and 40In-40Sn-20Pb solders ex- 
hibit almost no undercooling. 

58Bi-42Sn solder wets with Cu matrix at a com- 
parable but  lower degree than the 60Sn-40Pb, 52In- 
48Sn, 43Sn-43Pb-14Bi, and 40In-40Sn-20Pb sol- 
ders. A 58Bi-42Sn solder joint has a typical lamella 
microstructure. The interfacial intermetallic com- 
pound with the Cu matrix seems to be the product 
of only Sn and Cu. Bi does not react with Cu. 

58Bi-42Sn solder is the strongest in creep defor- 
mation among the five solders studied. Under  the 
same shear stress level, the steady state shear strain 
rate is at least three orders of magnitude slower than 
that  of the softest 52In-48Sn solder. 58Bi-42Sn sol- 
der has a bet ter  low-cycle fatigue resistance than 
the 52In48Sn solder, but not as good as the other 
three solders. 
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APPENDIX I: Evaluation of Wetting Anglel 

h 

L 
v 

It is apparent from the above figure that,  
2 

Solving R from Equation (1) leads to, 

R = (2) 
2h 

Also from the above figure, it is evident that, 

L / 2  2 
sins = R L / 2  h (3) 

h L /2  



Characterizat ion of Eutectic Sn-Bi Solder Joints  

By Eq.  (3), t he  ~ v a l u e  c a n  be c a l c u l a t e d  f rom t he  
m e a s u r e d  v a l u e s  of L a n d  h. 
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