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ABSTRACT

Silver solid solution phase with indium has been discovered to have great mechanical properties and
anti-tarnishing property, as shown in the results of our previous study. It is important to know the stress
vs. strain curve before adopting this material in industrial applications. The growth of the homogeneous
silver solid solution phase with indium is first described. The X-ray diffraction (XRD) patterns and
scanning electron microscope/energy dispersive X-ray spectroscopy (SEM/EDX) results are reported to
verify the chemical composition of silver solid solution phase with indium samples. Based on the results,
one could reversely determine the indium element composition in (Ag)—xxIn solid solution by exam-
ining the lattice constant value using XRD for unknown compositions. The preparation of ASTM tensile
test samples and tensile test experimental setting are explained in details. The intrinsic mechanical
material properties of silver solid solution phase with indium, i.e., characteristic stress vs. strain curves,
are presented and analyzed, with pure silver stress vs. strain curve in comparison. According to the
experimental results, silver solid solution phase with indium exhibits low yield strength, high ultimate
tensile strength, and large elongation value before fracture, compared to pure silver. In addition, frac-
tography of the fracture surface of the tested sample has been studied to confirm the superior ductility of
silver solid solution phase with indium. These superior mechanical properties may bring silver solid

solution phase with indium new applications in various industries such as electronics and brazing.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

The material properties of silver and its solid solution had been
studied for near a century. In the early days of material and
metallurgical science, the lattice constant [1] and elastic constant
[2] have been measured and investigated thoroughly for silver
primary solid solution, namely, silver solid solution of cadmium,
indium, tin, antimony, etc. Solid solution strengthening mechanism
is well-known, responsible for increasing the yield strength and
hardness of metal which is the result of the interactions between
dislocations and solute atoms by following mechanisms: elastic
interaction, modulus interaction, stacking-fault interaction, elec-
trical interaction, short-range order and long-range order interac-
tion [3]. Several theoretical models have been proposed for
specifically describing the solid solution strengthening
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mechanisms of silver or FCC crystal structure metal based solid
solution [4—6]. However, the research for investigating the me-
chanical behaviors, especially plasticity of silver based alloy is
relatively seldom and underdeveloped, which is possibly due to the
fact that silver and its alloy are not major metallic material for
structural engineering applications. Recently, silver based alloys
have been adopted as a new alternative in interconnection appli-
cations [7,8]. Therefore, silver-based solid solution mechanical
properties, especially plasticity, would be of a great interest to the
electronic devices manufacturing and packaging industry since it is
closely related to the manufacturability of the silver alloy based
products, and the performance and reliability of electronic com-
ponents during and after the process of the manufacturing.
Stress—strain curve obtained in the tensile test is widely used to
provide fundamental information on the strength and mechanical
properties for engineering applications. Therefore, the stress—-
strain curves of silver solid solutions would be very useful and
important for the further research and development in this area.
Our research group has been studying the Ag—In system for
almost two decades [9], and developed several important fluxless
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bonding technologies based on the Ag—In binary system. During
the previous research, the authors have identified two major
intermetallic compound, namely Ag,In and Agln, [10]. Recently,
our research group has successfully converted almost all of those
intermetallic compounds into silver—indium solid solution phase
[11], which is designated as (Ag)—xxIn in this paper. The experi-
mental results show that the properties of the bonding joint with
(Ag)—xxIn phase are intriguingly great. Thus, as following research,
we decided to produce (Ag)—xxIn single phase ingots with varied
indium concentration to study the properties of this interesting
material. The authors have recently reported the great anti-
tarnishing property of silver—indium solid solution phase [12]. To
the best of our knowledge, the mechanical properties and stress vs.
strain curves of (Ag)—xxIn phase are not available in any scientific
or engineering database. In this article, the authors would like to
reveal the some details of the material in preparation, and present
the characteristic stress—strain curves of silver—indium solid so-
lution with analysis of its mechanical properties.

In the following sections, the authors would like to present the
preparation and characterization of (Ag)—xxIn phase material in
the polycrystalline form at two different indium compositions with
further details. Secondly, the preparation of tensile test samples
and the experimental setting of the tensile test are described, fol-
lowed by the representative results of the tensile test, i.e., stress vs.
strain curves, with analysis and discussions. In addition, SEM pic-
tures of the morphology of fractured tensile test samples are pre-
sented, following with analysis of the fracture mode and failure
mechanism. Lastly, the authors would like to share the vision in
terms of the implications of mechanical properties of (Ag)—xxIn
solid solution and its potential industrial utility due to its superior
intrinsic mechanical behaviors under tensile stress.

2. Material preparation and characterization

In order to understand Ag—In binary system and produce the
single phase (Ag)—xxIn material, it is essential to review the Ag—In
binary phase diagram. As shown in silver—indium phase diagram,
Fig. 1 [13], the maximum solubility of indium element in silver
crystal lattice is 20 at.% at room temperature, the silver—indium
solid phase with face-centered cubic (FCC) crystal structure is
designated as o, phase historically. In Ref. [14], the authors discov-
ered o/ phase, which has also cubic crystal structure, at the
composition of 25 at.%, and it is correspond to AgsIn which is
transformed from ¢ phase at 187 °C. It is important to note that
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Fig. 1. Silver—indium binary phase diagram.

material composition may fluctuate from region to region, which
can be caused by various mechanism of segregation effects.
Therefore, it is necessary to give enough clearance to the maximum
solubility boundary in order to avoid entering the mixture region of
o and o’ phase in the phase diagram, thereby producing nearly
homogeneous single phase silver—indium solid solution. Therefore,
(Ag)—xxIn with 19 at.% indium concentration has been chosen as
the primary research subject, which is designated as (Ag)—19In in
this article. In addition, (Ag)—xxIn with 9.5 at.% indium concen-
tration, which is designated as (Ag)—9.5In, has been also produced
and investigated in order to observe the influence of the amount of
indium element composition on the properties of (Ag)—xxIn phase.
Pure silver has also been grown using the same method as the
controlled group for the following experiments.

The casting method was chosen for the production of the ma-
terial of the interested phase, resulting in the form of ingots. The
raw materials of silver and indium shots with 99.99% purity were
weighed, uniformly mixed and loaded in quartz tube with one end
closed. Since the native oxide forming on the surface of silver and
indium metal is negligible thin, there is no treatment required to
perform before loading the raw material. While the quartz tube is
being pumped by a vacuum pump, the other end of the tube is
sealed by hydrogen—oxygen torch operation to form a capsule. The
vacuum environment is necessary for the casting production for
reducing the number of voids or common defects created by
trapped air bubbles. Next, the capsule was placed into a furnace
preheated at 1030 °C and stayed there for 30 min. The temperature
of the furnace was then reduced gradually to room temperature in
7 days in order to obtain the homogenized single phase solid so-
lution at different compositions. This is the preliminary process and
optimization requires more time and many growth runs.

After the successful production of (Ag)—xxIn solid solution, the
ingots were cut into disk samples, using slow speed diamond saw,
for further chemical composition examination. X-ray diffraction
(XRD) and scanning electron microscope/energy dispersive X-ray
spectroscopy (SEM/EDX) were used in a combination to identify
(Ag)—xxIn phase, since their functionality are complementary to
each other. While SEM/EDX can provide information about specific
chemical composition at local areas within its electron-beam
interaction volume, a few micron meters or sub-micron range
depending on the electron beam energy and atomic number of the
material under examination, XRD is capable of interpreting the
crystallography nature of the material by generalizing data gener-
ated from macroscopic regions of the samples, thereby identifying
the phases of the unknown material precisely and accurately.
Before material characterization, the disk samples were prepared
by polishing process in the sequence of 120/240/800/1200 grits,
using silicon carbide abrasive papers.

FEI/Philips XL-30 FEG SEM in the Laboratory for Electron and X-
ray Instrumentation (LEXI) was used for the SEM/EDX examination.
Several local areas of the disk samples were randomly chosen to be
examined by SEM/EDX. For example, as shown in Fig. 2, nine points
of interests have been examined by SEM/EDX at 1000x magnifi-
cation for each (Ag)—9.5In and (Ag)—19In disk samples respec-
tively, and the results of chemical compositions are listed in Table 1.

According to the SEM/EDX machine setting, the errors of com-
positions are +0.88 at.% and +0.54 at.% for Ag and In respectively.
Therefore, the variation of chemical compositions for the data
shown in Table 1 is within the range of the error that due to the
uncertainty of the SEM/EDX detector, expect for a few points de-
viation from the intended value.

After determination of the chemical composition, Rigaku
SmartLab X-ray diffractometer in LEXI was used for further phase
identification, using Bragg-Brentano (BB) operation mode with 06-0
diffractometer setting. During XRD examination, the disk sample
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Fig. 2. (a) (Ag)—9.5In disk SEM/EDX tested region, (b) (Ag)—19In disk SEM/EDX tested
region.

Table 1
SEM/EDX results of chemical compositions for (Ag)—9.5In and (Ag)—19In disk in the
tested region.

(Ag)—9.5In (Ag)—19In

Ag (at.%) In (at.%) Ag (at.%) In (at.%)
1 90.97 9.03 81.73 18.27
2 90.92 9.08 81.43 18.57
3 91.32 8.68 81.24 18.76
4 91.23 8.77 80.61 19.39
5 92.28 7.72 82.24 17.76
6 90.01 9.99 81.54 18.46
7 90.60 9.40 81.01 18.99
8 90.91 9.09 81.39 18.61
9 90.72 9.28 80.68 19.32

remains stationary and the detector and X-ray source rotate at the
same angular speed. To be more specific, the XRD measurement
conditions and parameters are summarized in Table 2. The results

Table 2

of XRD examination for (Ag)—9.5In and (Ag)—19In disk samples are
shown in Fig. 3, with pure Ag disk sample XRD result as reference.
The XRD measurement data have been collected and analyzed by
PDXL, an integrated powder X-ray analysis software package. The
crystallography information for the silver—indium solid solution
can be learned thusly from the XRD diffraction, which is listed in
Table 3.

As shown Fig. 3, it is very clear that (Ag)—9.5In and (Ag)—19In
resemble the crystal structure of pure silver, face-centered cubic
(FCC) crystal structure, for its typical systematically peaks absence.
In addition, there are no major peaks other the peaks of Ag, (Ag)—
9.5In, (Ag)—19In in each XRD patterns. Therefore, it can be safely
concluded that the materials in the disk samples are nearly ho-
mogeneous and polycrystalline. In Table 3, (h, k, 1) is the Miller's
indices with classic denotation, d is the d-spacing value for corre-
sponding crystal plane, and a is the calculated lattice constant by
using the values of each d-spacing. As results, the X-ray diffraction
patterns have shifted towards left as the indium element compo-
sition increases, which is corresponding to the increasing values of
lattice constants from pure Ag, (Ag)—9.5In to (Ag)—19In. The
weighted average values for lattice constants are 4.094 A, 4.126 A,
and 4.153 A for pure Ag, (Ag)—9.5In, and (Ag)—19In respectively.
The trend of increasing values for lattice constants can be explained
by reviewing atomic radius for silver and indium elements. The
atomic radius for indium, 167 pm, is larger than that of silver atom,
144 pm, so that if one substitutes silver atoms with indium atoms in
the original FCC lattice sites, it would result in the bulge in its
crystal structure, thereby increasing the values of the lattice con-
stants as indium element composition increased. In other words,
one could reversely determine the indium element composition in
(Ag)—xxIn solid solution by examine the lattice constant value
using XRD for unknown compositions in the future study. Even
though the authors have the awareness of that the radius for silver
and indium metallic ions in the metal are different from the values
of their atomic radius of solo atoms, the general principle must be
plausible for this analysis approach.

The SEM/EDX and XRD results shown above are representatives
for disk samples' chemical composition and crystallography ex-
amination, and results in general are similar and repeatable for
different examined regions, disk samples, and ingots. In conclusion,
our research group has been successfully grown the nearly homo-
geneous and polycrystalline (Ag)—9.5In and (Ag)—19In ingots, us-
ing the casting method in a quartz capsule with vacuum pumped
and specific annealing profiles within the laboratory and research
facility. However, there are still some space for improvement in
terms of the ingots growth procedure and annealing profile design.

3. Tensile test

After obtaining nearly homogeneous ingots of (Ag)—9.5In and
(Ag)—19In, tensile test samples, conforming with American Society
for Testing and Materials (ASTM) standard E8/E8M- 08 [15], were
machined by electrical discharge machining (EDM) which is

A summary of Rigaku SmartLab X-ray diffractometer measurement conditions and parameters.

X-ray source 40 kV, 44 mA Scan speed/duration time 2.0000 deg./min.
Goniometer None Step width 0.0200 deg.
Attachment None Scan axis 2Theta/Theta

Filter Cu_K-beta Scan range 20.0000—90.0000 deg.
CBO selection slit None Incident slit 2/3 deg

Diffracted beam mono. None Length limiting slit None

Detector D/teX Ultra Receiving slit #1 4.000 deg

Scan mode Continuous Receiving slit #2 13.000 mm
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Fig. 3. (a) XRD pattern of pure silver disk sample, (b) XRD pattern of (Ag)—9.5In disk sample, (c) XRD pattern of (Ag)—19In disk sample.
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(a) A summary of XRD measurement data of pure silver disk sample after PDXL
analysis, (b) A summary of XRD measurement data of (Ag)—9.5In disk sample after
PDXL analysis, (c) A summary of XRD measurement data of (Ag)—19In disk sample
after PDXL analysis.

(a)

Peaks # 20 (deg) d (A) (hkl) a(A)
1 38.082 2.365 (111) 4.096
2 44231 2.048 (200) 4.096
3 64.378 1.447 (220) 4.093
4 77.324 1.234 (311) 4.093
5 81.485 1.181 (222) 4.091
(b)

Peaks # 20 (deg) d(A) (h k1) a(A)

1 37.769 2.380 (111) 4122
2 43.825 2.067 (200) 4134
3 63.816 1.457 (220) 4121
4 76.572 1.244 (311) 4.126
5 80.679 1.191 (222) 4126
(©)

Peaks # 20 (deg) d (A) (hkl) a(A)

1 37.531 2.394 (111) 4147
2 43.474 2.082 (200) 4.164
3 63.423 1.467 (220) 4.149
4 75.947 1.253 (311) 4156
5 80.179 1.197 (222) 4.147

performed by EDM outsource company. In Fig. 4 and Table 4, the
geometry and dimensions of the tensile test sample are shown
respectively. EDM machining can change the surface properties of
the work piece, causing the issues such as recasting, heat affected
zone (HAZ) grain size enlargement. Therefore, all of the obtained
tensile test samples were polished using silicon carbide abrasive
papers with 800 grits to remove the HAZ layer on the surface of the
tensile test samples. Next, the tensile test samples were put into an
oven, annealing at 223 °C (homologous temperature Ty = 0.5) for
1 h, in order to release the residue internal stress induced by the
polishing process. After the preparation, all of the tensile test
samples were examined using XRD approach that mentioned pre-
viously with the same setting. By comparing the XRD patterns with
previous results, the authors can confirm that the tensile test
samples have the same composition as the previous disk samples.

The tensile test is performed using the facility, INSTRON 5500R
tensile tester, with the deformation rate of 10~ mm/s at controlled

TE

Fig. 4. The geometry of tensile test sample, in accordance with ASTM standard E8/
E8M- 08.
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Table 4
The dimensions of tensile test sample, in accordance with ASTM standard E8/E8M-
08.

Unit W T R L A B C
mm 2.00 1.10 2.00 3333 10.67 10.00 3.30
inch 0.08 0.04 0.08 1.31 0.42 0.39 0.13

software panel setting. Since the real tensile test samples sizes may
vary a little bit from its original design, all of the critical dimensions
such as the length of the tested region, A, width of the tested region,
W, and the thickness of the sample, T, need to be measured and
calibrate at the control software panel. Therefore, the true strain
rate is in the vicinity of 10~>/s, which is under the condition of static
tension test. During tensile test, the sample is under uniaxial tensile
stress initially since the shape of the sample is longitudinal sym-
metric. The data of engineering stress and strain is recorded,
collected, and calculated automatically by the controlled software.
(Ag)—9.5In and (Ag)—19In tensile samples were tested with the
reference of pure Ag samples in comparison.

4. Stress vs. strain characterization

The true stress and strain can be calculated using the Egs. (1)
and (2) [16]:

g=s(e+1) (1)

e=Ine+1) 2)

where s is the engineering stress, e is the engineering strain, ¢ is the
true stress, and e is the true strain.

Due to the limitation of the casting method, the ingots may have
some defects inside such as cavities and cracks in micron range. In
addition, the tensile test samples are from the different locations of
the ingots, so that the major orientation of the grains or texture in
the each tensile test samples may vary from one to another, and this
also applies to the distribution of cavity and cracks in each sample.
In Fig. 5, three representative results of tensile test for pure Ag,
(Ag)—9.5In, and (Ag)—19In are plotted for their engineering stress
vs. strain curves. Using the equations (1) and (2) given above, true
stress and strain can be calculated for each data point, thereby
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Fig. 5. (a) The engineering stress—strain curve of pure silver, (b) The engineering
stress—strain curve of (Ag)—9.5In, (c) The engineering stress—strain curve of (Ag)—
19In.

plotting true stress vs. strain curves correspondingly, as shown in
Fig. 6. Mechanical properties of silver—indium solid solution,
especially for materials properties of plasticity, such as yield
strength, ultimate tensile strength (UTS), true uniform strain and
true fracture strain in tension stress status, can be characterized,
using the obtained true stress—strain curves. The values of these
mechanical properties are summarized and documented in Table 5.

Typically, as predicted in solid solution strengthening theory,
the usual result of solute additions is to raise the yield stress and the
level of the stress—strain curve as a whole [16]. However, as shown
in Table 5, the observation based on the tensile test experiment in
silver—indium solid solution system is abnormal to solid solution
strengthening theory. The tensile test samples should have similar
microstructures due to the fact that the annealing profiles of the
ingots growth are similar to each other. Therefore, the major vari-
able here is the solute composition difference. With 9.5 at.% indium
element alloying element addition, the yield strength drops from
56 MPa for pure silver to 37 MPa for 9.5 at.% silver indium solid
solution, but it increases back to 53 MPa for 19 at.% indium element
alloying. This phenomenon can be referred to as solid solution
softening theory [17]. According to the reference, solid solution
hardening and softening can both occur in the same alloying sys-
tem depending on several factors such as temperature, solute atom
concentration, etc. The solid solution softening mechanism usually
occur in substitutional alloy when solute atoms concentrations are
relatively high where random distribution of solute atoms would
be not be expected. The softening additions are found to locally
change the chemical bonding which results in a decrease of the
generalized stacking fault energy and atomic row shear resistance
with the enhancement of double kink nucleation and dislocation
mobility, thereby decreasing the hardness and yield stress of the
material. Solid solution softening couples can be commonly found
in iron and molybdenum body-centered cubic (BCC) alloying sys-
tems [18]. With alloying with high indium solute concentration in
silver solid solution, the occurrence of lower yield stress observed
in (Ag)—xxIn phase can be partially explained by the solid solution
softening theory. However, further research may be needed to
investigate the reason behind the increment of yield strength from
9.5 at.% to 19 at.% of indium.

As shown in Fig. 6, the shape of the onset of yielding in the stress
vs. strain curves of pure Ag and (Ag)—9.5In are similar which both
have gradual transition from elastic region to plastic region. The
strain hardening rate of pure silver and (Ag)—9.5In are almost

o
i Ag)-9.5In
500
J — (Ag)-19In
450
< 400
o 4
S 350
é 300 —
» 250
o |
2 200
= |
150 -
100
50 -
0 L T ® T L T L T 1
0.0 0.2 0.4 06 0.8 1.0
True Strain

Fig. 6. (a) The true stress—strain curve of pure silver, (b) The true stress—strain curve
of (Ag)—9.5In, (c) The true stress—strain curve of (Ag)—19In.
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Table 5

A summary of mechanical properties of (Ag)—9.5In and (Ag)—19In with pure Ag in comparison.

Yield strength (MPa)

Ultimate tensile strength (MPa)

True uniform strain (%) True fracture strain (%)

Pure Ag 56.6 133.9
(Ag)—9.5In 372 240.1
(Ag)—19In 53.2 4475

220 32.7
48.3 50.9
72.5 73.4

constant due to the fact that these two curves have linear shape
from yield point to UTS point. As listed in Table 5, the ultimate
tensile strength, true uniform strain (strain upon UTS point), and
true fracture strain (strain upon fracture point) are increased with
9.5 at.% indium element addition. In other words, the strength and
the ductility of the material are simultaneously increased by adding
solid solution solute, which usually can be only accomplished by
decreasing of the grain size.

However, the shape of stress vs. strain curve of (Ag)—19In has
major differences, comparing with that of pure Ag and (Ag)—9.5In.
The transition from elastic region to plastic region is quite sharp,
followed by a plateau plastic deformation region with relatively low
strain hardening rate. The strain hardening rate gradually increases
as the material continues to plastically deform, reaching its
maximum value at point where true strain equals to 0.45, and then
remains to constant value until the material fractures. It is worth-
while to note that the ultimate tensile strength, true uniform, and
true fracture strain are much higher than that of pure Ag and (Ag)—
9.5In. Base on the information provided by the stress vs. strain
curves, it is safe to conclude that both mechanical strength and
ductility will increase as the indium alloying element concentration
increases in silver solid solution phase.

5. Fractography

As shown in Fig. 5, the engineering strain of (Ag)—19In at frac-
ture point, i.e., the material elongation is more than 100%, which
means it exhibits excellent ductility. To the best knowledge of the
authors, the silver and its alloys' elongation usually are within the
range from 35% to 50%. Therefore, the high elongation value of
silver indium solid solution with high indium concentration is truly
remarkable.

In order to confirm the mechanism of deformation and failure
mode of (Ag)—19In, the fracture surface morphology of the same
tested sample used to plot Figs. 5 and 6 curves is examined by using
SEM to gain some insights of its microscopic nature. In addition, the
fracture surface morphology of the same tested samples for Ag and

Acc.V SpotMagn Det WD Expv ———— 10um i
100kv30 5000x SE 101 1

i T 12 P

Fig. 7. Fractography of Ag tensile test sample, SEM image at 5000x magnification.

(Ag)—9.5In used to plot Figs. 5 and 6 are shown in Figs. 7 and 8 to
compare with the fractography of the (Ag)—19In sample.

As shown in Fig. 9, the surface of fracture is examined at
different magnification, and the SEM pictures are shown in a series.
A feature of band-like rupture can be clearly seen in these pictures,
which means the material has undergone significant plastic
deformation before failure. As shown in Fig. 10, a representative
dimpled rupture can also be easily observed on the fracture surface.
This type of fracture surface denotes a ductile mode fracture.
Microvoid formation and coalescence during the continued
straining and plastic deformation are responsible for this dimpled
rupture fractography [19]. Therefore, it can be safely confirmed that
(Ag)—19In is truly ductile in its nature from the study of
fractography.

In comparison, as shown in Figs. 7 and 8, the fractography of Ag
and (Ag)—9.5In tensile tested samples are different from the one of
(Ag)—19In. The authors can only observe shallow dimpled rupture
on the fracture surface of Ag sample, whereas the dimpled rupture
of (Ag)—19In shown in Fig. 10 is much clearer than that of Fig. 7,
thereby confirming (Ag)—19In has undergone much more amounts
of plastic deformation upon failure than pure Ag tensile test sam-
ple. As shown in Fig. 8, the authors can observe clear dimpled
rupture for (Ag)—9.5In tensile tested sample, but band-like rupture
is relatively shallow, comparing with that of (Ag)—19In. Therefore,
(Ag)—9.5In is more ductile than pure Ag, but not as ductile as (Ag)—
19In.

In conclusion, the result of fractography study is in agreement
with previous tensile test data, thereby confirming that the
ductility will increase as the indium alloying element concentration
increases in silver solid solution phase.

6. Conclusion
In the paper, the materials of silver indium solid solution phase

have been grown in the ingot form at two different compositions,
(Ag)—9.5In and (Ag)—19In, and characterized by XRD and SEM/EDX

Pz

Ac(:V SpotMagn Det WD Exp }————— 10um
10.0kv 30 5000x SE 103 1

-

Fig. 8. Fractography of (Ag)—9.5In tensile test sample, SEM image at 5000x
magnification.
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Fig. 9. (a) Fractography of (Ag)—19In tensile test sample, SEM image at 100 x magnification, (b) SEM image at 1000x magnification, (c) SEM image at 2500x magnification, (d) SEM

image at 10000x magnification.

Fig. 10. Representative morphology of dimpled rupture on the fracture surface of
(Ag)—19In tensile test sample.

methods. Furthermore, the intrinsic mechanical properties of silver
solid solution phase with indium, i.e., the stress vs. strain curves,
have been presented and analyzed. Due to the large indium alloying
concentration, the phenomenon of solid solution softening has
been observed. As a result, the yield stress of the silver indium solid
solution phase at two different composition, (Ag)—9.5In and (Ag)—

19In, are lower than that of pure silver. In addition, the silver in-
dium solid solution phase exhibits superior ductility, especially for
(Ag)—19In, since the its ultimate tensile strength is 3.3 times of that
of pure silver, and its elongation upon fracture are 2.2 times of that
of pure silver. With the preliminary study of the mechanical
properties, the silver indium solid solution phase is a promising
candidate for interconnection applications in electronic industries.
As interconnection medium, the lower hardness and yield stress
would be desirable [20] since it induce less internal stress to the die
or bonding pad underneath. With the superior ductility, forming of
silver indium solid solution phase is better than that of pure silver,
so that it is suitable for being forged into various forms of industrial
products. The documentation of the stress vs. strain curves of silver
indium solid solution phase would be valuable for further research
and investigation for this material. For example, mechanical finite
element analysis (FEA) [21,22] regarding to silver indium solid so-
lution phase can be readily performed with the availability of this
material mechanical properties such as yield stress, UTS, and stress
vs. strain curves. Further work may be continued to study the other
interesting properties of silver solid solution phase with indium.
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