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assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
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Superplastic Creep of Eutectic Tin-Lead Solder Joints 

Z. Mei*, D. Grivas*, M. C. Shine+, and J. W. Morris, Jr.* 

*Center for Advanced Materials, Lawrence Berkeley Laboratory and 
Department of Materials Science and Mineral Engineering, University of California, 
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This paper presents experimental evidence that as-solidified eutectic Pb-Sn 
solder joints can exhibit superplastic behavior in shear creep loading. 
Stepped load creep tests of as-solidified joints show a change in the stress 
exponent from a high value typical of conventional creep at high stress and 
strain rate to a superplastic value near 2 at lower stress and strain rates. In 
addition, the change in stress exponent is accompanied by a change in the 
activation energy for creep from a value near that for bulk self-diffusion (20 
kcal/mol) to a value near that for grain boundary diffusion (12 kcal/mol). 
The total shear deformation of joints in stress-rupture tests performed at 65° 
Care found to exceed 150%. The concomitant observation that quenched 
solder joints creep faster than air-cooled ones is attributed to a grain, or 
phase, size dependence of the strain rate. The source of superplastic be
havior is a fine, equiaxed microstructure. It is not yet clear whether the 
superplastic microstructure is present in the as-solidified joint, or develops 
during the early stages of plastic deformation. 
Key words: creep of solder joint, superplasticity of tin-lead solder. 

I. INTRODUCilON 

Thermal fatigue of solder joints results from the thermal expansion coefficient mis
match between soldered materials, and is an increasing concern as the electronic industry · 
seeks further miniaturization. Since the service temperature of a solder joint is usually a 
high homologous temperature for the solder (e.g. 25 °C is about 65% of the absolute 
melting temperature for eutectic 62/38 Sn-Pb solder), the deformation and damage experi
enced in thermal fatigue is due, at least in part, to creep behavior. Indeed, Shine, et al. 1, 

found· a good correlation between the fatigue life of solder joints and the amount of creep 
per cycle. A detailed knowledge of creep behavior is important to understand the thermal 
fatigue of the joint. 

The first study on the time-dependent deformation of the near-eutectic 60/40 Sn-Pb 
alloy was published by Jenkins in 1928 2. He found that cold-rolled and as-cast alloys re
spond very differently to prolonged stress at room temperature; the cold-rolled alloy can be 
stretched to an elongation of 410%, while the as-cast specimen fails at elongations of only 
10 to 20 %. Later, Pearson 3 pulled an extruded eutectic Sn-Pb wire up to 2000% at room 
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temperature before fracture. This superplastic behavior was attributed to the stable, 
equiaxed microstructures that result from recrystallization at room temperature. 

Subsequent research 4-17 has explored the dependence of superplasticity in cold
worked Sn-Pb alloys on variables such as testing temperature, grain size, stress, and strain 
rate. The steady state strain rate, d£/dt, in a creep test can be expressed in terms of the 
stress cr, temperature T, and grain sized, in the form 

de crn [ AEJ dt = A dm exp - RT . (1) 

The stress exponent, n, varies with d£/dt in a sigmoidal manner 6.7. In the highest strain 
rate region, n is equal to or larger than 6 6,10,12,13,16,17, in the intermediate dc/dt region, n 
reaches a minimum values that is close to 2 4-17, and in the lowest dc/dt region, n increases 
to 3 11. Superplastic behavior is observed only in the intermediate d£/dt region where n = 
2. The activation energy, .1£, is approximately that for grain boundary diffusion when the 
alloy is superplastic 11,13,15,17, but changes to a value near that for self-diffusion at both 
higher 12,13,15,17 and lower 11 strain rates where superplastic behavior is lost. The strain 
rate in the superplastic region also depends strongly on the effective grain size,4,12,13,15,17 
while the strain rate is independent of the grain size in normal creep at higher strain rates 
12,13,15.17. A number of theoretical and experimental investigations have been made of the 
deformation mechanisms in the superplastic region, especially the mechanism of grain 
boundary migration and sliding 3,14,18,19. 

In contrast to the extensive studies of superplasticity in recrystallized Pb-Sn alloys, 
little attention has been paid to the as-cast condition, beyond the repeated observation that 
as-cast alloys are not superplastic 2,3,5.20. Moreover, only a few very recent studies have 
addressed the creep behavior of Pb-Sn alloys in joint form 1,20-22; most research has been 
done on bulk specimens. It is unfortunate that the least studied conditions are precisely 
those in which Pb-Sn alloys are most commonly used in the electronic industry: as-cast 
microstructure, joint geometry, and shear deformation. To address this problem, the 
present work studied creep in shear of fine, 60/40 Sn-Pb solder joint in the as-cast 
condition. It is interesting that the solder joint was found to exhibit superplastic behavior 
under some conditions. 

ll. EXPERIMENTAL DETAILS 

Specimen Preparation 

A commercial grade 60/40 Sn-Pb solder paste was used in this study. The specifi
ca!ion provided by the vendor indicates that the paste is a blend of 80 wt % metallic pow
der sized between 44 to 74 JJ.m (mesh: -200 I +325) and 20 wt% fully activated rosin flux 
(type RA). The viscosity of the paste ranges between 400 and 600 kcps, with the average 
of 520 kcps. 
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Single- and double-shear specimens (Fig.1) were designed to simulate actual solder 
JOints. The specimen substrates are printed boards: epoxy- fiber glass panels of 3.18 mm 
{1/8") or 1.59 mm {1/16") thick coated with 38 ~m (1.5 mil) thick pure copper foil. The 
panels are cut into strips 12.7 mm (0.5") wide and about 64 mm (2.5") long. Following a 
process that includes applying a photoresist, electroplating Sn-Pb alloy, and etching off 
copper, a copper (pre-tinned with Sn-Pb) pattern of 9 small squares, Fig. 1, of the size 
1.27 mm x 2.03 mm2 (50 x 80 mil2) is produced on each strip. A thicker (3.18 mm) strip 
with the patterns on both surfaces is then packed between two thinner (1.59 mm) strips 
with the pattern on one side. The three strips are aligned with the aid of two through-thick
ness holes so that the 9-square patterns on the two sides of the central strip are register with 
the patterns of the upper and bottom strips. Before the strips are assembled together, sol
der paste is placed with a pneumatic dispenser on each of 9 squares of the pattern. 
Sheathings of stainless steel film are inserted between the strips to keep a proper space for 
the solder paste and control the thickness of the solder joints. The three strips are clamped 
and heated at 208° C, above the liquidus of the 60/40 Sn-Pb (190 °C). After 6 minutes, 
the strips are either cooled in air or quenched in a liquid nitrogen bath. About 10 seconds 
are required to quench the hot strips to liquid nitrogen temperature, and about 5 minutes to 
air-cool the hot strips to ambient temperature. The residual flux is then removed. 

These solder joints are generally well-shaped and sound. The solder wets the Cu · · 
very well; very few voids or pores are observed on inspection of fractured joints under an 
optical microscope. However, occasionally the solder paste spreads beyond the square Cu 
pad. This introduces some inaccuracy in the calculated shear stress, which is the shear load 
per unit cross-sectional area. The stress levels reported below are actually nominal values, 
calculated on the assumption that each solder patch has a cross section area of 1.27 x 2.03 
mm2, i.e. the Cu square area. 

The specimens made of one central strip and two sided strips are specified in this 
study as the double shear specimen; the single shear specimen is made simply by cutting 
off one leg of the double shear specimen, as shown in Fig. 1. 

Creep Test 

The solder joints tested in this study have a thickness of about 180 ~m (7.1 mil), 
therefore a creep test device that is capable of measuring a displacement as small as 10 ~m 
is necessary. Fig. 2 is a schematic illustration of the creep test facility used in this study. 
Both sides of the specimen are gripped by frictional gripping devices that are two steel 
plates with rough surfaces, Fig. 3 (a). The specimen leg is sandwiched between the two 
plates and tightened with socket screws. As shown in Fig. 2, the bottom part of the speci
men is joined with the stand, and top part is pulled by a weight pan through steel wire and 
pulleys. The displacement of the top part of specimen is monitored with a linear variable 
differential transformer (L VDT) that ~as a sensitivity of 9.63 mV output for 25.4 )lm 

(0.00_1 ") displacement. The output voltage signal is amplified and then recorded by a per
sonal computer through a 12 bit analog-to-digital converter. It is estimated that the creep 
device has a displacement resolution of at least 1 ~· Testing temperatures between 40° C 
to 100° C are achieved by immersing the specimens into a silicon oil bath whose tempera-
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ture is maintained with a variation less than 1 °C. The 25 °C tests are done in air while the 
0 °C tests are done in ice water. 

Since the epoxy - fiber glass strips are also loaded during the creep tests, their creep 
rates were determined independently. A strip of epoxy - fiber glass with a cross section 
area of 1.59 x 12.7 mm2 {1/16" x 0.5") and gauge length of 30.5 mm (1.2") was loaded to 
a constant stress of 11 MPa (1.6 ksi) at 65 °C. A primary creep of 4.2 J.Lm elongation was 
reached 2.8 hours after loading, followed by steady state creep at a rate of 1.77 x 10-7 J.Lm 
per second. It will be seen in the next section that the displacement rate of the solder joint 
under the same conditions is at least 9 x I0-3 J.Lm per second; the creep of the epoxy- fiber 
glass has a negligible effect on the measured creep rates of the solder joints. 

Much of the creep data that is presented in the next section was gathered from sin
gle-shear specimens. When a single-shear specimen is pulled from its two ends, a rota
tional moment occurs, because the two pulling loads do not lie on the same axis, Fig. 3 (a). 
However the grips restrain the ends from moving horizontally. The ratio between the ten
sile and shear components of the applied load can be estimated as follows. Assuming that 
the restraint of the grips produces only a horizontal force, not a moment, on the single 
shear specimen as shown in Fig. 3 (b), the value of tensile load, P, can then be determined 
by the moment balance requirement, 

. d 
P = F <r> (2) 

where F, d, and 1 are indicated in Fig. 3 (b). The values of d and 1 are 2.56 mm (0.1008") 
and 30.5 mm (1.2"), respectively. Therefore the ratio of P to F is 8.4 %. The shear stress 
applied on a joint is the value of F divided by the total area of the joints, (9 joints, each 
having an area of 1.27 x 2.03 mm2). The normal stress is that of P divided by the total 
area. It follows that the non-shear component is small; we have neglected it. 

Metallography 

Following creep testing, the specimens were cut by a diamond blade saw to expose 
the solder joint cross section. The specimens were then cold-mounted, and metallographic 
samples were prepared by mechanical grinding and polishing with light pressure. The mi
crostructure (Sn-rich and Pb-rich phases) of the solder gradually appears after polishing 
with 1 J.Lm alumina powder. However, the microstructure can be revealed better by final 
polishing with Mastermet (a colloidal silica polishing suspension) and etching with a solu
tion of 25 ml distilled H20, 5 ml HCl with concentration 37%, and 5 g of Nf4N03. 
Etching delineates the Sn grain boundaries in addition to providing contrast between the 
Sn-rich and Pb-rich phases. Optical microscopy at magnification of at least lOOOx is nec
essary to observe the fine microstructure, and differential interference imaging is used to 
enhance the contrast between phases. 
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After testing the samples were kept in air at room temperature, and metallographic 
observations of the specimens were typically done a few days later. There is a possibility 
that the microstructure evolved during that period. 

m . RESULTS 

Superplasticity in Sn-Pb alloy system is generally understood to have several char
acteristics2-17: (a) a stress exponent, n, in equation (1), less than 3 and close to 2; (b) an 
activation energy,~. in (1) that is close to the value for grain boundary diffusion; (c) a 
strong dependance between the steady-state creep rate and the grain or phase size; (d) a 
large elongation before fracture; and (e) a superplastic microstructure that contains stable, 
fine, equiaxed grains. Each of these characteristics was studied. 

Stress Exponent 

The stress exponent was determined by a stepped load creep test on a single speci
men, a typical example of which is shown in Fig. 4 (a). The single-specimen technique 
was adopted to decrease scatter in the data which results from sample-to-sample variations 
in both specimen microstructure and contact geometry. In this method a constant load is 
maintained until the strain rate reaches a steady-state value; the load is then changed to an
other level until another steady-state strain rate is obtained; and so on. In the tests reported 
here, the highest load was usually applied at the beginning of the test, and the load level 
decreased monotonically thereafter. The waviness or scattering of the strain shown in Fig. 
4a was a result of temperature fluctuations ( < 1° C) in the oil bath. The strain rate at each 
load level was determined by the slope of the line, which was determined from a least
square fit over the linear portion of the strain vs. time data, as shown in Figs. 4 (b)-(e). 
The shear stress was plotted against the steady state strain rates on a double logarithm 
scale, as will be explained later in Fig. 5. A least-square fit over four or more data points 
was used to calculate the line slope that determines the stress exponent. 

In Fig. 5, the shear stress vs. steady state strain rate data for seven individual tests 
are plotted respectively, including tests on both air-cooled and quenched solder joint speci
mens, for both single- and double-shear specimens. All the tests were conducted at 65 °C. 
The results of line fitting for two sets of data were shown on Fig. 5 as well, stress expo
nents were 1.95 and 1.71, respectively. The slopes for other sets of data are close to 2, as 
listed in the caption. 

The results of a single shear creep test at 25 °C are presented in Fig. 6, where the 
stress exponent changes with the stress or strain rate. As discussed above, previous re
searches have established that the relation between the stress and the strain rate in a speci
men that exhibits superplasticity can be divided into three regions: at large strain rates the 
stress exponent, n ~ 6; at intermediate strain rates, n = 2, and the specimen is superplastic; 
and at low strain rates, n = 3. The data in Fig. 6 exhibit a similar three-region trend, 
although the transition from the n = 2 region to n = 3 region is not very clear. 
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Activation Energy 

The activation energy, Lffi, was determined by tests of the type shown iri Fig. 7 (a). 
A single specimen is used. The specimen is immersed in a constant temperature bath and 
loaded until a steady-state creep rate is achieved. The load is then released, and the speci
men is immersed in another temperature bath. After allowing approximately one hour to 
insure thermal equilibrium at the new temperature, the same load that had been applied in 
the previous temperature bath is applied again. The strain rate at each temperature is de
termined from a least-square line fit to the linear portion of the strain vs. time data, as 
shown in Figs. 7 (b)-(e). The logarithm of the strain rate (log (d£/dt)) vs. the reciprocal of 
absolute testing temperature (1 IT) is plotted and fit, as shown in Figs. 8 and 9. The line 
slope is a measure of (- Lffi/R), where R is the molar gas constant. 

The data of two individual tests in the low stress region where n = 2 are plotted in 
Fig. 8. The values of the activation energy are estimated to be 12.03 and 11.86 kcal/mol, 
respectively. These values are very close to those reported by the previous researchers, for 
example, 13.6 kcal/mol in ref. 11, 11.5 kcal/mol in ref. 13, 10.5 kcaVmol in ref. 15, and 
10.7 kcaVmol in ref. 17, for the Sn-Pb eutectic alloy in the superplastic region. These val
ues are also near one-half the values for self-diffusion in Sn (22.35 kcaVmol)23 and Pb 
(24.20 kcal/mol),24 and are, hence, of the right order of magnitude to be interpreted as an 
activation energy for grain boundary diffusion. 

The activation energy at the high stress region where n > 6 were determined by two 
individual tests. The results are shown in Fig. 9. The activation energies, 19.1 and 18.8 
kcaVmol are comparable to, though slightly smaller than those found by previous re
searchers, 20.1 kcal/mol in ref. 11, 19.4 kcal/mol in ref. 13,20.8 kcal/mol in ref. 15, 19.4 
kcal/mol in ref. 17, and 20.0 kcaVmol in ref. 20. 

Phase Size Dependence 

Previous workl2,13,17 has shown that while the strain rate of the cold-worked eu
tectic Sn-Pb alloy does not depend on the grain, or phase, size when it is deformed in the 
conventional creep region (where n ~ 6), it does in the superplastic region (n = 2). This is 
because that the dominant deformation mechanism in the conventional creep region is dis
location climb, and in the superplastic region it is grain boundary sliding. The liquid 
nitrogen-quenched solder joints have smaller phase size under optical microscopic 
observation. The strain rate dependence on the cooling rate, as shown in Fig. 5, provides 
supporting evidence for the grain or phase boundary sliding mechanism. 

Total Elongation 

In Fig~ 10, the data of shear strain (defined as displacement/thickness) vs. time are 
plotted for two air-cooled solder joint loaded at 65 °C at shear stresses of 1250 and 833 
psi, respectively. The total shear strains before fracture were about 125 % and 170 %, 
respectively. 
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Microstructure 

The microstructure of a solder joint before deformation is shown in Fig. 11. The 
dark areas are the Pb-rich phase while the white regions are the Sn-rich phase. Lamellar 
eutectic colonies are rarely observed. Instead, a dispersed, rod-like, globular microstruc
ture is found. The colony boundaries are easily seen. In general, the microstructure of the 
solder joint is fine, and much less regular than that of an as-cast bulk alloy. It is more in
teresting to see in Fig. 12 that a solder joint sample after being repeatedly etched revealed 
Sn-Sn grain boundaries. The Sn grains are very fine and equiaxed. If the Sn-Sn bound
aries can slide with respect to one another, the fine equiaxed Sn grains may be the origin of 
superplastic behavior. However, the fine Sn grain structure is not seen everywhere in the 
undeformed samples. In deformed samples, the fine and equiaxed Sn-Sn grains were also 
observed, and are more common than in the undeformed samples, especially near the Cu 
boundaries. It is not clear whether the preponderance of fine equiaxed Sn grains is due to 
the rapid solidification rate of the initial microstructure or is caused by subsequent defor
mation and recrystallization. Further studies are underway. 

Fig. 13 is the microstructure of a solder joint that has been deformed about 150% 
at 65 °C. A visible crack follows Sn-Pb and Sn-Sn grain boundaries. The Sn grains are 
very fine, about 2-3 Jlm in diameter. 

IV. DISCUSSION 

Origins of Superplasticity 

) 

The experimental results suggest that the as-solidified solder joints studied here 
behave under a persistent shear loading in a very similar way to the cold-worked alloy; they 
are superplastic over a range of temperatures and strain rates. This observation differs 
from the conclusion of previous studies that as-cast near-eutectic Sn-Pb alloys are not su
perplastic. The difference may be due to either of two causes. 

The first possibility is that rapid solidification makes the solder joints superplastic. 
It has been very well documented that the superplasticity of the cold-worked eutectic Sn-Pb 
alloy is related to the stable, fine, equiaxed grain structure that results from recrystallization 
after cold-work. But when a bulk Sn-Pb alloy is made by a normal melt and cast process, 
the as-cast microstructure contains large colonies of regular eutectic material. The long 
range regulanty gives the lamellar colony structure a high yield strength and creep resis
tance, a low total deformation before fracture, and a high stress exponent. However, the 
as-cast microstructure depends on the solidification rate. When the solidification rate is fast 
as in a soldering process, the long range lamellar arrangement is broken down, and be
comes more globular and disperse. The resultant microstructure is one where fine, globu
lar, and dispersed Pb-rich phase regions are embedded in~ probably equiaxed polygranular 
Sn-rich matrix phase. The microstructure of the solder joint becomes one more capable of 
accommodating deformation by grain boundary sliding than the regular eutectic microstruc
ture. 
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The second possibility is that recrystallization makes the solder joints superplastic. 
Even if the initial microstructure of as-solidified solder joint is not superplastic, the micro
structure evolves during the deformation process. Because the deformation proceeds at 
high homologous temperatures, rapid recrystallization is possible. It has been shown by 
recent studies25,26,27 that a coarsened recrystallized band develops and extends inside a 
solder joint when it is loaded in shear during thermal fatigue,25 isothermal fatigue,27 and 
creep tests.26 The band contains equiaxed Pb- and Sn- rich phase grains, and is very likely 
superplastic. In this study, however, the area that has equiaxed grains does not shape into 
a long narrow band but is rather broad, and the equiaxed grains are much finer. This is 
probably due to the initial irregular microstructure that resulted from the rapid solidification 
rate in the solder joint formation procedure in this study. 

Implication for Fatigue Life 

Creep in Sn-Pb alloys proceeds via two mechanisms, dislocation climbing inside 
the grain matrix, and grain boundary sliding. The latter is the mechanism for 
superplasticity in Sn-Pb eutectic alloys. The work by Shine, et al 1,2 suggests that the 
fatigue life of a solder joint can be correlated to the amount of matrix creep during a thermal 
cycle, implying that the superplastic creep does not harm the fatigue resistance of the joint. 
Further research is under way on the effects of superplastic creep on the fatigue life. 

V. CONCLUSION 

Creep in the as-solidified solder joint exhibits superplastic characteristics. In certain 
temperature and strain rate regions, the stress exponent is close to 2 and the activation en
ergy is that for grain boundary diffusion. The presence of a fine, equiaxed microstructure 
in the solder joints is believed to be the origin of the superplastic behavior. 
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Mei, et al: Superplastic Creep of Eutectic Tin-Lead Solder Joints 

FIGURE CAPTIONS 

Fig.l. Double shear creep test specimen. Single shear specimen is made by cutting off 
one leg of the double shear specimen. 

Fig.2. Schematic illustration of creep test apparatus. 

Fig.3 (a) Frictional grips (shaded area) holding a single shear specimen. (b) Diagram of 
forces on the single shear specimen. 

Fig.4. (a) Data plot of a typical stepped load creep test. (b-e) Results of the least-square 
line fitting over the linear portion of the strain vs. time data at each load step. 

Fig.5. Steady state strain rate vs. shear stress data for seven individual stepped load creep 
tests. The results of the least square line fitting for two sets of the data are written 
in the plot. The line slopes for other five sets of the data are listed as follows: for 
air-cooled, 60/40 Sn-Pb, single share, n = 1.981, 1.8617, and 1.9901; for air
cooled, 60-40 Sn-Pb, Double shear, n = 2.2167; and for quenched, 62/38 Sn-Pb, 
single shear, n = 1.8230. 

Fig.6. Steady state strain rate vs. shear stress data for a stepped load creep test at 25°C of 
an air-cooled solder joint. 

Fig. 7. (a) Data plot of a typical constant load varying temperature test. (b-e) Results of the 
least-square line fitting over the linear portion of the strain vs. time data at each 
temperature. 

Fig.8. Two sets of data of constant load varying temperature tests. The activation energy 
(when stress exponent is equal to 2) is then calculated 

Fig.9. Two sets of data of constant load varying temperature tests. The activation energy 
(when stress exponent is equal or larger than 6) is then calculated 

Fig.lO. Strain vs. time data of two creep tests of air-cooled solder joints. 

Fig.ll. The optical microstructure of an air-cooled solder joint before creep test. The 
... sample was etched for 5 seconds with the solution of 25 ml H20, 5 ml HCl with 

concentration of 37 %, and 5 g of NJ4N03. 
\j 

Fig.l2. The optical microstructure of the same solder joint as in Fig.l 0 but different area. 
The sample was etched for 20 seconds with the solution of 25 ml H20, 5 ml HCl 
with concentration of 37 %, and 5 g of NJ4N03. 
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Mei, et al: Superplastic Creep of Eutectic Tin-Lead Solder Joints 

Fig.l3. The optical microstructure of a solder joint after being creep-tested, a crack goes 
along Sn-Sn and Sn-Pb grain boundaries. The sample was etched for 20 seconds 
with the solution of 25 ml H20, 5 ml HCl with concentration of 37 %, and 5 g of 
NJ4N03. 
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Fig. 1: Double shear creep test specimen. The single shear specimen is made by cutting off 
one leg of the double shear specimen. 
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Fig. 2: Schematic illustration of home-made creep test facility. 
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Fig. 3: (a) Frictional grips (shaded area) holding a single shear specimen. (b) Diagram 
of forces on the single shear specimen. 
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Fig. 5: Steady state strain rate vs. shear stress data for seven individual stepped load creep tests. 

The results of the least square line fitting for two sets of the data are written in the plot. The line 

slopes for other five sets of the data are listed as follows: for air-cooled, 60/40, single shear, 

u n = 1.9871, 1.8617 and 1.9901; for air-cooled, double shear, 60/40, n = 2.2167; and for 

quenched, 60/40, single shear, n = 1.8230. 
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Fig. 6: Steady state strain rate vs. shear stress data for a stepped load creep test at 25°C 

of an air-cooled solder joint 
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Fig. 8: Two sets of data of constant load varying temperature tests. The activation energy 

is then calculated. 
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60/40 Sn-Pb, double shear, 145lb (2014 psi) 

y = 4.0636e+9 * 10"(-4178.6x) R"2 = 0.998 

.!lE = 4178.6 "'R"' ln 10 = 19.1 kcal/mol 

y·= 1.7094e+9 * 10"(-4097.3x) 
R"2 = 0.998 . 

.1E = 4095.1 * R"' ln 10 = 18.8 kcal/mol 

10"6 ~----~------~------------~--~--~ 0.0030 0.0032 0.0034 0.0036 0.0038 

1/T (K) 

Fig. 9: Two sets of data for constant load varying temperature tests. The activation energy 

is then calculated. 
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Fig. 10: Strain vs. time plots of two creep tests of the air-cooled solder joints. 
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Fig. II. The optical microstructure of an air-cooled solder joint before creep test. 'llle 

sample was etched for 5 seconds with the solution of 25 ml H20, 5 ml HCI with 

concentration of 37 %, and 5 g of NI I4N03. XBB 904-3483 
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Fig.l2. The optical microstructure of the same solder joint as in Fig. to but different are~ . 

The sample was etched for 20 seconds with the solution of 25 ml H20, 5 ml HCI 

with concentration of 37 %, and 5 g of NI14N03. 
XBB 904-3484 



65° C, 35 lb (972 psi), LBL16.dat 10 l-Ull 

Fig.13. The optical microstructure of a solder joint after being creep-tested, a crack goes 

along Sn-Sn and Sn-Pb grain boundaries. The sample was etched for 20 seconds 

with the solution of 25 ml H20, 5 ml HO with concentration of 37 %, and 5 g of 

XBB 904-3485 
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