
The Effect of Temperature and Stress on Tin-Rich 
Solder Alloys 

When copper-tin solder joints are exposed to temperatures 
around 150C for up to 40 days, changes take place in the 
solder matrix which can alter the mechanical properties 

BY L O U I S Z A K R A Y S E K 

ABSTRACT. Interconnections in elec
trical and electronic circuits are often 
made by the use of tin and tin alloys. 
Individual or multiple connections can be 
made with relative ease. Without some 
over-riding outside influence, such as 
excessive mechanical loading or tran
sient current surges, a well-made solder 
connection will have an extended useful 
life. However, when copper-tin solder 
joints are exposed to temperatures as 
high as 150C for as long as 40 days, 
significant changes take place in the 
solder matrix. These changes can alter 
the strength characteristics of the solder 
joint. 

Tests described in this paper show that 
a two-phase copper-tin intermetallic is 
formed during solidification of the solder. 
The intermetallic exhibits three morpho
logical conditions, each of which changes 
continually with time at temperature. 

When a stress is superimposed on the 
thermal effect, further changes occur in 
intermetallic morphology. An evaluation 
of static fracture modes and of thermal 
fatigue mechanisms indicates that the 
strength of tin-copper joints is limited 
by the binding energy at the interface 
between the tin-rich intermetallic and the 
solder matrix. Some improvement in 
joint strength may be possible if this 
interface is controlled or eliminated. 

Introduction 
Tin provides the basis for metallic 

systems which are widely used 
throughout the electrical and electron
ic industry. The low melting point of 
tin alloys, together with their reason
ably acceptable strength, electrical 
conductivity and affinity for copper, 
make them practical and desirable for 
applications requiring the intercon
nection of components to form useful 
circuits. 

L. ZAKRAYSEK is Manager, Metallurgy 
& Welding, Electronics Laboratory, Gen
eral Electric Co., Syracuse, New York. 

Aside from the difficulties normally 
encountered when uncontrolled sold
ering is attempted, i.e., unwet, dewet 
or otherwise marginal joints,1 addi
tional problems2 arise when copper-
tin solder joints are subjected to tem
peratures above room ambients. The 
purpose of this paper is to describe 
some of the changes that take place in 
solder joints through prolonged ther
mal exposure. 

Experimental Procedure 
To make an evaluation of the effect 

of temperature and stress on copper-
tin solder joints, several experiments 
were set up to determine the effect of 
temperature. Similar tests were then 
arranged so that it might be possible 
to find modifications caused by stress 
as well as the composite effect of both 
factors. 

A series of solder joints was made 
using copper faying surfaces and 
SnAg or SnSb solder preforms. Prepa
ration for soldering and the solder 
process itself were standardized as 
much as possible, with the primary 
objective being to provide consistently 
uniform samples of high tin content 
with which to begin thermal exposure. 

Unstressed Samples. A set of 12 
samples was made in preparation for 
a soak of unstressed samples in still air 
at elevated temperatures. Preliminary 
sample exposure had indicated the 
usefulness of a 150C soak, therefore, 
eleven samples were charged into an 
oven at this temperature. One sample 
was kept in the as-soldered condition, 
and a sample was removed from the 
oven at various intervals of time from 
V 2 hour to 40 days. Upon completion 
of the exposure period, visible sur
faces were examined, and longitudinal 
metallographic sections were made for 
microstructural evaluation. 

Statically Stressed Samples. Room 
temperature mechanical tests were 
made on several samples to determine 
the yield strength for the sample 
configuration used in all these experi
ments. A test fixture was then built 
which would permit the application of 
an initial static stress, up to the previ
ously determined limit, on a group of 
samples. One each of a set of five 
samples was then inserted in the 
fixture and an increasing fraction of 
the maximum allowable load applied. 
After the initial load was applied, 
each sample was placed in an oven, in 
still air, at 150C. Following a 40-day 
soak, these samples were inspected 
visually prior to metallographic sec
tioning. 

Dynamically Stressed Samples. By 
securing one or both ends of a lap 
solder joint while a current is applied, 
shear stresses can be induced in the 
sample. These stresses are proportion
al to the temperature excursion which 
is proportional to the power input. An 
apparatus was built in which a sold
ered sample can be held while a cur
rent is passed through it. By the prop
er adjustment of sample size, voltage 
and current, a measurable tempera
ture rise can be caused within the 
sample. A variable transformer con
trols the power input, and a timing-
monitoring circuit is used to control 
the duration of heating and cooling 
cycles. 

A calibration curve was made for 
this system by the use of thermocou
ples implanted in several samples. For 
each test, a 5-sec heating and 10-sec 
cooling cycle was established. The 
temperature change (AT) for a sam
ple was assumed to be the difference 
between room temperature and the 
maximum temperature as set for the 
sample under test. 
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In the manner described, samples 
are thermally cycled for extended 
periods of time through selected tem
perature ranges. By counting the num
ber of cycles in relationship to AT, a 
thermal fatigue curve is plotted. Also, 
metallographic sections provide mi
crostructural information which can 
be compared to that obtained on stati
cally stressed or on unstressed sam
ples. 

Experimental Results— 
Unstressed Samples 

Twelve samples consisting of 95Sn-
5Ag solder joints were made by the 
use of a V 4 in. lap on 0.015 in. 
tough-pitch copper strips. The solder 
is, in each case, applied as a 0.010 in. 
preform. 

Visual examination of the samples 
after thermal exposure shows no ap
parent change regardless of the length 
of time at elevated temperature. Lon
gitudinal metallographic sections, 
however, show distinct changes in the 
microstructure. 

Morphology 
Samples, as-soldered, contain a thin 

interface layer of intermetallic, and 
numerous intermetallic particles ran
domly distributed within the matrix 
(Fig. 1). Each of these is quite small, 
with the largest approaching V 2 mi
cron in the greatest dimension. The 
interface intermetallic is already con
tinuous upon solidification of the sold
er, indicating a very high rate of 
nucleation and a high rate of growth 
from the allotriomorph to the enve
lope stage of development. 

Continued exposure to elevated 
temperature results in thickening of 
the interface envelope, in the appear
ance and lengthening of side plates, 
and in the formation of massive inter
metallics within the matrix (Fig. 1A-
K ) . 

It is of interest to note that the 
intermetallic is a two-phase structure. 
Although neither x-ray diffraction nor 
microprobe analyses were made at 
this time it is most likely3 that the 
composition of the intermetallic is 
•n-phase nearest the copper and 
e-phase nearest the solder matrix. 
There is, however, some evidence4 

that a Cut;Sn5 intermediate phase is 
present. 

The sequential changes in morphol
ogy appear to be governed by a repro
ducible pattern. Note that prominent 
side-plates and massive intermetallics 
appear after 1 to 2 hr (fig. 1B-1C) at 
temperature. At about 8 hr exposure 
(Fig. IE ) , the massive intermetallic 
formations begin to spheroidize while 
the side-plates appear to re-trench. 
After roughly 20 days' exposure (Fig. 
II), spheroidizing of the massive inter-

m„ T:Mi 

• 

Above.- Fig. 1—As soldered test speci
men; 1 (A) 30 min. @ 150C; 1 (B) 1 hr. 
@ 150C. 

Below: Fig. 1 (F) 1 day @ 150C; 1 (G) 5 
days @ 150C; 1 (H) 10 days @ 150C. 
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metallic particle is nearly completed, 
and the side plates are almost gone, 
leaving behind a "drumlin-like" inter
metallic envelope. 

It appears that small voids in the 
solder have little effect on the de
velopment and growth of the interme
tallic envelope. They do, however, in
dicate that the intermetallic growth 
progresses from the solder-copper in
terface into the solder matrix. Late 
stages of growth (Fig. I I ) show indi
cations of the possible complete encir
clement or obliteration of voids by the 
intermetallic-growth process. Among 
the conclusions that might be drawn 
from this phenomenon is that this 
growth process, if diffusion-controlled, 
is determined by the rate of diffusion 
of copper in the Cu-Sn intermediate 
phases. 
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Above: Fig. 1 (C) 2 hr. @ 1S0C; 1 (D) 
4 hr. @ 150C; 1 (E) 8 hr. @ 150C. 

Below: Fig. 1 (I) 20 days @ 150C; 1 (J) 
30 days @ 150C; 1 (K) 40 days at 150C. 

Intermetallic Growth Rates 

Metallographic sections of heated 
samples provide a means for the ob
servation of intermetallics and their 
change with time at temperature. Ta
ble 1 lists the observed thicknesses and 
the apparent rate of growth for Cu-Sn 
intermetallics under the conditions 
defined by these experiments. 

As noted previously, the actual 
morphological changes are quite com
plex, therefore measured increases in 
size are prone to considerable error.6 

For example, the intermetallic enve
lope (which is the easiest of the meas
urements taken) is very irregular and 
tends to agglomerate in later stages of 
formation. This intermetallic enve
lope, however, does show progressive 
thickening, and average thickness val-
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ues for the continuous layer can be 
developed. The result of such an eval
uation is shown in Fig. 2. 

Intermetallic side plates lend to the 
irregularity of the envelope layer dur
ing early stages of intermetallic 
growth. As growth progresses, the side 
plates exhibit rapid growth characteris
tics, with the lengths between them 
varying considerably. Comparative 
measurements at this stage are almost 
impossible. When maximum lengths 
are used, the rates of growth are 
several orders of magnitude greater 
than are those taken from average 
values. Then, in later growth stages, 
the side plates exhibit negative 
growth, further complicating rate de
terminations. 

The massive intermetallic particles 
tend toward preferred directional 
growth in early stages, and to 
spheroidization in late stages of 
growth. These opposing actions again 
make rate measurements difficult. 

Experimental Results— 
Statically Stressed Samples 

Six samples consisting of 95Sn-
5Ag solder joints were made by the use 
of a V 4 in. lap on 0.015 in. tough-
pitch copper strip. The solder was in 
each case applied as a 0.010 in. pre
form. 

Five samples were inserted into a 
specially built test fixture in a manner 
such that tensile shear loads could be 
applied in incremental steps of 10% 
of the ultimate tensile strength of the 
solder joint. Each sample was in this 
way stressed prior to its soak at 150C 
for 40 days. 

A visual examination of the samples 
after thermal/stress exposure revealed 
that samples with greater than 30% 
pre-stress had fractured in tensile 
shear. Fig. 3 shows one view of the 
fracture area. Readily apparent are 
whisker protrusions spanning between 
fracture surfaces. These whiskers are 
of undetermined origin but are 
thought to be ductile, elongated solder 
matrix rather than intermetallic side 
plates. 

Morphology 

Changes in the microstructure of 
stressed solder joints are shown in Fig. 
7 through Fig. 7E. In the as-soldered 
sample (Fig. 7) , a thin envelope inter
metallic, small side plates and several 
massive intermetallics can be seen. 
Figs. 7A-7E represent the sa.nples 
which were aged after an initial static 
stress was applied. Each of the sec
tions can be compared to that of Fig. 
IK which is the unstressed equivalent. 

It is readily apparent that a static 
pre-stress has no effect on the mor
phology of the intermetallic. Neither 

Fig. 2 -
Intermetallic 
envelope growth 

Fig. 3—Solder fracture; 40% pre-stress, 
40 days @ 150C. Mag: 100X. 

the degree of pre-stress, nor its 
presence changes the character of the 
intermetallic envelope or of the side 
plates or of the massive intermetallic 
from that of these same intermetallic 
structures when they are exposed to 
elevated temperature in the unstressed 
condition. 

It is most likely that a static pre-
stress is relieved by creep in the solder 
matrix and by fracture in the solder 
joint; therefore, the effect of this type 
of loading on growth-governing fac
tors is not felt for the full period of 
exposure, and quite possibly not felt at 
all over most of the solder-copper 
interface area. 

The static-stress experiment was in
conclusive for its intended purpose. 
However, the results do show consist
ency in the growth and the nature of 
the intermetallics formed during long
time exposure to elevated tempera
tures. The tendency toward continuing 
growth and spheroidization is very 
evident. Also, as can be seen in sever
al of the photographs of Fig. 7, inter
metallic growth through voids occurs 
regularly. 

Fracture Mode 

Metallographic sections were made 
of the stressed samples to analyze the 
fractures as well as to determine mor
phological changes in the intermetal
lics. 

Fig. 4 (30% pre-stress) shows the 
initiation of fracture, and Fig. 5 
(40% pre-stress) and Fig. 6 (50% 
pre-stress) show the effect of higher 
pre-stress on the solder joint. The 

r 

Fig. 4—30% pre-stress, 40 days @ 150C. 
Mag: 500X. 

Fig. 5 ^ 0 % pre-stress, 40 days @ 150C. 
Mag: 500X. 

Fig. 6—50% pre-stress, 40 days @ 150C. 
Mag: 500X. 

direction of stress is, in Fig. 4, paral
lel to the copper surface and in Figs. 5 
and 6, perpendicular to the copper 
surface. 

It should be noted that fracture is 
initiated at a solder fillet and pro
gresses through the intermetallic layer 
that is thought to be €-phase. As stress 
is increased, plastic flow takes place in 
the solder matrix, and parting occurs 
there while it continues at the inter
metallic envelope. 

Despite the fact that these samples 
were pre-stressed with an initial 
mechanical load, and not by constant 
weight (as in standard creep test 
procedures), it seems that failure be
gan fairly late in the thermal soaking 
period. This is evident by the presence 
of a well-formed intermetallic enve
lope. All of the fractures were con-
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Fig. 7—As soldered. Mag: 500X. (a) 10% 
pre-stress, 40 days @ 150C; (b) 20% 
pre-stress, 40 days @ 150C; (c) 30% 
pre-stress, 40 days @ 150C; (d) 40% 
ore-stress, 40 days @ 150C; (e) 50% 
pre-stress, 40 days @ 150C. 

centrated in the solder-fillet area, so 
that those fractures that did occur 
quite probably relieved stresses on the 
overlapped portion of the test solder 
joints. 

The important factor here is the 
apparent ease with which separation 
seems to take place at either the 
e-phase to copper interface or within 
the e-phase itself. It appears that this 
phase may provide the limiting levels 
for mechanical strength in tin solder 
joints. 

I n t e r m e t a l l i c G r o w t h R a t e s . 
Growth mechanisms for the static-
stressed samples appear to be, in all 
respects, similar to those in the un
stressed samples. Growth rate meas
urements are shown in Table 2. Al
though the figures for envelope thick
ening are easily obtained, the meas
urement difficulties previously dis
cussed for each type of intermetallic 
should be considered when actual 
rates of growth are to be calculated. 
It is likely that stresses were relieved 
at some time during these static stress 
tests because of the method of load
ing. Therefore, conclusions regarding 
the effect of static stress should await 
further testing, preferably by the ap
plication of steady-state loads as in 
standard creep test techniques. 

Experimental Results— 
Dynamically Stressed Samples 

Tin-soldered joints are used at ele
vated temperatures in many applica
tions, especially in the automotive in
dustry0 and in the electronics indus
try7. The cyclic stresses introduced 
by repeated temperature excursions 
sometimes result in the thermal fa
tigue of the soldered connection. Ex
posure to these dynamic thermal 
stresses provides a means for the study 
of the reasons for mechanical failure 
and of the effect of temperature and 
stress on the solder microstructure. 

The test samples consist of lap 
joints of copper or copper-plated ter
minal materials and a solder preform. 
The sample is assembled as a resistive 
load in an electrical circuit, and, after 
the solder joint is made by resistance 
heating, the circuitry is adjusted to 
provide an on-cycle of 5 sec. and an 
off-cycle of 10 sec. The upper temper
ature limit is determined by the equip
ment power setting and the return to 
room temperature is assured by a 
forced-air quench during the off-cycle. 

H i 
. Massive 

i HI 

The number of cycles is counted elec
trically and an automatic shut-down is 
provided in the event of fatigue fail
ure (either a large increase in joint 
resistivity or an open joint). 

Thermal Fatigue. In the course of 
these experiments, a number of solder 
and terminal material combinations 
were cycled through temperature 
ranges from room temperature to as 
high as 200C. It was found, generally, 
that the tin-antimony solders with
stood this treatment better than any 
of the common soft solders. Also, the 
selection of terminal material had as 
much as an order-of-magnitude influ
ence on the resistance of the solder 
joint to thermal fatigue failure. 

Shown in Fig, 8 are thermal endu
rance limit curves for a 95Sn—5Sb 
solder and three terminal combina
tions. It appears from these data that 
a conservative endurance limit for 
SnSb will be a maximum temperature 
of 125C. The improved endurance 
limit with copper terminals over those 
of molybdenum, and the further im
provement with aluminum terminals is 
probably due to a decrease in applied 
stress because of the progressively bet
ter match in thermal expansion coeffi
cients of the respective solder-
terminal materials. 

Morphology. The intermetallic mor
phology of the dynamically stressed 
solder samples is in most respects 
similar to that of the unstressed sam
ples described earlier. An intermetallic 
envelope about 7x10~5 cm thick is 
present in the as-soldered condition 
(Fig. 9) . Small particles are dispersed 
throughout the matrix and side plates 
are hardly noticeable. After exposure 
to elevated temperature by the thermal 
cycling procedure, the intermetallic 
envelope has grown in thickness at a 
rate again similar to that of unstressed 

. . . - • - * . \ 

samples, i.e., about 28xl0 ' 5 cm in 
35,000 cycles when the maximum tem
perature is 150C. This is roughly the 
equivalent of 2 days at temperature. 

There is, however, a distinctive 
morphological feature which is differ
ent from that found in unstressed 
samples, and that is the tendency of 
the massive intermetallic to be aligned 
approximately midway between the ter
minals of the solder joint (Fig. 10). 
The recurrence of this phenomenon 
indicates a stress-dependent function, 
but the overall massive growth is of 
the same order of magnitude as is that 
in unstressed growth. 

Therefore, the presence of stress 
may actually influence the nucleation 
rate to a greater extent than it does 
the growth rate. 

Fracture Mode. When thermal ex
cursions in air reach sufficiently high 
temperatures, thermal fatigue occurs 
and the failure of the SnSb solder 
looks the same as most of the classic 
failures of this type. Fig. 11 shows the 
fillet area of a solder joint which had 
been cycled to 1 80C until failure. 

The repeated application of ther
mal stress and progressive oxidation 
result in a fissured texture throughout 
the exposed solder fillet. 

The actual- failure of the intercon
necting joint, however, takes place in 
a manner similar to that shown previ
ously in the static-stressed samples. 
The fracture starts in the solder fillet 
and progresses in and around the in
termetallic layers until failure is com
plete. One such failed joint is shown in 
Fig. 12. This fracture takes place pref
erentially at the interface of the sold
er matrix and the intermetallic. Again 
the strength of the solder joint seems 
to have been determined by the 
strength of the intermetallic. 

W E L D I N G R E S E A R C H S U P P L E M E N T | 525-s 



Table 1—Observed Intermetallic Growth in Unstressed 95Sri 

Sample 
Time, sec Thickness 

@150C 

As 
soldered 0 

A 
B 
C 
D 
E 
F 
G 
H 
1 
J 
K 

1.8X103 
3.6X103 

7.2X10' 
1.4X10* 
2.9X101 

8.6X10* 
4.3X106 

8.6X105 

1.7X106 
2.6X106 
3.6X106 

cm 

6.7X10 
14.3 
14.9 
12.8 
17.2 
28.8 
21.9 
64.2 
73.1 
88.6 

100.0 
111.0 

Change in 
thickness 

cm 

-5 

7.6X10-
8.2 
6.1 

10.5 
22.1 
15.2 
57.5 
66.4 
81.9 
93.3 

104.3 

Rate of 
growth 
cm/sec 

42.2X10-9 

22.8 
8.5 
7.5 
7.6 
1.8 
1.3 
0.77 
0.48 
0.36 
0.29 

—5Ag Sold 

Length 
cm 

4.7X10 
25.5 
79 
17.3 

551 
198 
268 
353 
474 
221 
474 
221 

er 

Change in 
length 

cm 

-5 

20.8X10-8 

74.3 
12.6 

546 
193 
263 
349 
469 
216 
469 
216 

Rate of 
growth 
cm/sec 

116.0X10-9 
203.0 
17.5 
390 
66.7 
30.6 
8.1 
5.5 
1.3 
1.8 
0.60 

Width 
cm 

6.5X10 
34.5 

5.6 
41.5 
34.9 
73.4 
47.5 
53.8 
68.6 
85.4 
73.0 
87.6 

Change 
in width 

cm 

5 

27.0X10-5 

— 
35.0 
27.4 
66.9 
41.0 
47.3 
62.1 
78.9 
66.5 
81.1 

Rate of 
growth 
cm/sec 

150.0X10-
— 

48.6 
19.6 
23.0 
4.8 
1.1 
0.73 
0.46 
0.26 
0.23 

Table 2—Observed Intermetallic 

Sample 

As soldered 
Unstressed 
150C-40 days 
10% pre-stress 
150C-40 days 
20% pre-stress 
150C-40 days 
30% pre-stress 
150C-40 days 
40% pre-stress 
150C-40 days 
50% pre-stress 
150C-40 days 

. In 

Thickness 
cmXIO-5 

8.8 

111.0 

130.0 

96.2 

110.0 

102.0 

113.0 

Growth in Statically Stressed 95Sn-

terface Envelop 

Change in 
thickness 
cmXIO-5 

— 

104.3 

121.2 

87.4 

101.2 

93.2 

104.2 

Rate of 
Growth 
cm/sec 
xio-9 

— 

0.29 

0.34 

0.24 

0.28 

0.26 

0.31 

Length 
cmXIO-5 

42 

221 

246 

399 

157 

124 

226 

-5Ag Solder 

Change in 
length 

cmXIO-5 

— 

216 

204 

357 

115 

82 

184 

Rate of 
growth 
cm/sec 

XlO-9 

— 

0.60 

0.58 

0.99 

0.32 

0.23 

0.51 

Width 
cmXIO-5 

5.5 

87.6 

78.8 

63.5 

107.0 

96.5 

99.0 

Change 
in width 
cmXIO-5 

— 

81.1 

73.3 

58.0 

101.5 

91.0 

93.5 

Rate of 
growth 
cm/sec 

X10-' 

— 

0.23 

0.20 

0.16 

0.28 

0.25 

0.26 

V 

\ 

Fig. 9—As soldered. Mag: 250X. 

No. of Cycles fmm RT i, 

Fig. 8—Thermal endurance limit for 95Sn—5Sb 

Fig. 10—35000 cycles, RT to 150C. Mag: 
250X. 
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Summary and Conclusions 
The experiments described here 

were made to determine the answers 
to several questions regarding tin-alloy 
solders. Of these, the most important 
seemed to be (1) the effect of extend
ed time at elevated temperatures, (2) 
the additional effect if any of stresses 
superimposed upon the high tempera
ture ambients, and (3) the mechanics 
of failure when failure occurs under 
the conditions of temperature and 
stress. 

The Effect of Temperature 

When tin-rich solder alloys are held 
at temperatures above room tempera
ture and below the melting point of 
tin, a solid state diffusion reaction 
occurs, causing the growth of a two-
phase copper-tin intermetallic. It ap
pears that intermetallic allotriomorphs 
are present as a result of the solidifica
tion of the solder. A high rate of 
intermetallic nucleation makes it un
likely that molten tin could ever be 
deposited on copper without a result
ant intermetallic envelope. In addi
tion, some nucleation occurs within 
the solder matrix resulting in the 
presence of finely dispersed interme
tallic particles. 

At elevated temperatures for short 
times, the intermetallic envelope 

Fig. 11—Thermal fatigue failure. Mag: 
12X. (left) 

Fig. 12—Fracture in solder joint. Mag: 
250X. (left below) 

grows by the characteristic formation 
of elongated side plates and by gener
al thickening. After extended times at 
temperature, the side plates tend to 
agglomerate, adding to the increasing 
thick envelope layer. 

During these same periods of time, 
the dispersed particles grow into ex
tended intermetallics which at first 
exhibit highly preferred growth direc
tions, then tend to become spheroid-
ized. 

The Effect of Stress 

During the course of these tests, the 
effects of both static and dynamic 
stresses were evaluated. Static stresses 
were applied in the form of fixed 
pre-stresses. With sufficiently high ini
tial stresses, the solder joints part at 
exposure to elevated temperature. The 
pre-stress seemed to have no other 
effect upon the solder joint or upon 
the growth of intermetallics when 
compared to equivalent samples in the 
unstressed condition. 

When copper-tin solder joints are 
stressed by thermal cycling, thermal 
fatigue failure may occur. As is true 
of other metallic systems, failure is in 
this case a function of applied stress, 
maximum temperature and the num
ber of thermal reversals. 

It appears that the growth of inter
metallics in dynamically stressed sam
ples will occur at rates similar to those 
in the unstressed equivalents. Howev
er, a stress-dependent growth phenom
enon, in the form of a preferred-
alignment plane has been noted in 
thermally cycled solder joints. 

Fracture Mechanics 

Fracture was noted in most of the 
stressed solder joints. Failure caused 

by a static pre-stress occurs by the 
initiation of fracture in the solder fillet 
and progression of the fracture 
through the solder at the interface of 
the tin-rich intermetallic and the sold
er matrix. At sufficiently high temper
atures and pre-stress, failure also oc
curs by severe elongation and parting 
within the solder matrix. 

Thermal fatigue failures occur in 
tin-solder joints if the applied stress is 
high or if the upper temperature in 
the thermal cycle is above 125C. Fail
ure occurs by the initiation of fracture 
in the solder fillet. Fracture progresses 
through the solder at the interface of 
the intermetallic and the solder ma
trix. 

Failure begins and progresses in the 
e-phase (tin-rich) intermetallic under 
either static or dynamic stress condi
tions. With further understanding and 
control of the formation of €-phase in 
tin-copper solder joints it seems pos
sible that an improvement in joint 
strength might be made. 
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"High-Frequency Resistance Welding" 

by D. C. Martin 

The purpose of this report is to present in one place the widely scattered knowledge 
of the high-frequency resistance-welding process. In the past 15 years, the process has 
been used for the high-speed fabrication of pipe and tubing in several countries. The 
process can be used almost anywhere that linear welds have to be made at high speed. 
There are few restrictions on the metals that can be welded. Research on the applica
tion of the process to welding dissimilar metals or to steels with different mechanical 
properties suggests that it may become a competitor to rolling mills and structural fabri
cators. 

The price of WRC Bulletin 160 is $1.50 per copy. Orders for single copies should 
be sent to the American Welding Society, 2501 N.W. 7th St., Miami, Fla. 33125. 
Orders for bulk lots, 10 or more copies, should be sent to the Welding Research Council, 
345 East 47th St., New York, N. Y. 10017. 
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"Laser Welding and Cutting" 

by M. M. Schwartz 

The advent of high intensity low momentum surface heating devices is having a 
natural impact on the field of materials processing, particularly fusion welding. The laser 
and electron beam offer potential capability for precise control of energy and location 
which cannot be approached by older sources such as arcs and flames, and the fact that 
under certain operating conditions they transmit little or no thrust to the material being 
worked is an important advantage. However, the extreme intensity of these sources, ex
pressed in dimensions of power per unit area, presents problems as well as advantages 
when addressed to the objective of local melting as in fusion welding. 

The newest and most exciting of the two aforementioned processes is the "laser" 
(sometimes called optical maser). The laser represents a virtually brand-new scientific 
development. The possibility of a laser was first suggested in 1958 and the first experi
mental model was made in 1960. Since that time, advances in laser technology have 
been rapid and dozens of laboratories are performing laser research. Although much of 
this research is of a basic scientific nature many of the newer developments can be 
applied to welding. Experimental laser machines are already in use. No basic scientific 
discovery in history has been applied so fast to metalworking. 

This report, prepared for the Interpretive Reports Committee of the Welding Re
search Council, reviews the basic principles of the laser and describes techniques, prob
lems, advantages and disadvantages of using the laser for welding and cutting various 
materials. 

The price of Bulletin 167 is $3.50 per copy. Orders for single copies should be sent 
to the American Welding Society, 2501 N.W. 7th St., Miami, Fla. 33125. Orders for 
bulk lots, 10 or more copies, should be sent to the Welding Research Council, 345 East 
47th Street, New York, N. Y. 10017. 
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