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ABSTRACT

In this study, varyingof Y O particles from 0 to 1 wt.% were incorporated
intoSn-1Ag-0.5Cu (SAC-0) plain solder matrix to form composite solders
of 0.2wt.%Y 0, (SAC-0.2), 0.5wt.%Y ,0,(SAC-0.5) and 1wt.%Y ,O, (SAC-
1). Optica (OM) and scanning electron microscopy (SEM) photographs
show that Y ,O, particles depressed clearly the growth dendrite 8-Sn grains.
Since the YO, particles serve as additionalnucleation sites for the
formation of primary Sn-rich phase,the size of B-Sn grains were
decreasedgradually from 10-15 toum 2-5 um range, while the eutectic
areasaround the -Sn grain were shrunk with higher density of intermetallic
particles and Y 0, particles. XRD results confirmed mainly the presence
of B-Sn, Ag,Snphases in all composite solders and the presence of Y,0,
clearly in SAC-1 composite solder. Moreover, lattice parameter of B-Sn
was decreased by increasing of Y,O,content in the composite solders
referring toenhancement of Cu solubilityin B-Sn for composite solders of
higher Y ,O,content. This microstructureimprovement of composite solders
leads to microhardness enhancement of SAC-0.2, SAC-0.5 and SAC-1
composite solders with 10.6%, 16.3% and 29% compared to the plain
solders SAC-0, respectively. © 2016 Trade Sciencelnc. - INDIA
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INTRODUCTION

Low temperature Pb-contai ningSn based sol der
alloys have been widely used in electronic package
due to their excellent properties. However, due to
toxicity of Pb, there has been substantial concerns
about thefurther use of that solders. Therefore, there
has been an increase interest in devel oping aterna-
tive Pb-free soldersin recent years. There are vari-

ous aloysascandidates, such as Sn-Cu, Sn-Ag, Sn-
Bi system. Although the free Pb-containingSn based
solder alloys have received much attention, their
mechanical properties and reliabilities are still not
better. One of the aternative approachesis develop
composite solders. The composite solders consist
of a solder matrix and reinforced particles such as
intermetallics, metallic powders, carbon fibers or
fine oxide particles®4. Among the lead-free solder
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candidates, the eutectic tin-silver-copper alloy has
received much attention as alow meltingpoint sol-
der to replace Pb-containing solder alloys
ininterconnects of surface mount microelectronic
assemblies>”. However, theintermetallic compound
(IMC) growth in Sn-Ag-Cu solder joints is faster
than that in eutectic Sn-Pb solder joints®9. Itiswell
known that in Sn-containing solder joint, solder
bondswith aCu substrate through theformation of a
dua Cu-Sn IMC layer consisting of Cu and Cu,Sn
that exist between the solder and Cu substrate. Be-
causetheIMC layersare more brittle than that of the
solder matrix, they can be asite of mechanical weak-
ness, causing failureof thejoint with fracturesinthe
IMC layer itself or along the interface between sol-
der and IMC layer™, In this study, an innovative
method for producing thecomposite solders which
consist of a Sn-1Ag-0.5Cu soldermatrix and Y ,O,
particlesis introduced. The purpose ofthis work is
to investigate the effect of the addition
ofY,O,particles on microstructures and
microhardness of Sn-1Ag-0.5Cu solder.

EXPERIMENTAL PROCEDURES

Sn-1Ag-0.5Cu-xY 0, lead free solder aloys
were made by using pure Sh, Ag, Cuand Y O, (pu-
rity of 99.9%) with x of 0, 0.2, 0.5,and 1 wt.%, re-
spectively. These solder alloys with Y, O, contents
of 0, 0.2, 0.5, and 1 wt% were labeled as SAC-0,
SAC-0.2, SAC-0.5, and SAC-1, respectively. The
process of melting was carried out in a muffle fur-
nace to produce rod-like specimen with diameter of
10 mm. The melt was held at 500 °C for 100 minto
complete the dissolution of Sn, Ag and Cu. The Sn-
1Ag-0.5Cu lead free base composite solders were
prepared by mechanically dispersing 0.2, 0.5 and
Iwt% of micro-Y O, particlesintothe melt. Themelt
then poured in a graphite mold to prepare the

chillcast ingot. TABLE 1 lists the actual chemical
composition of the experimental alloys used in the
present investigation. The microstructure was ex-
amined by optical microscopy (OM) and scanning
electron microscopy (SEM) with an energy disper-
sive X-ray spectrometer (EDS) after etching. A so-
lution of 2%HCL, 3%HNO, and 95% (vol.%) ethyl
alcohol was prepared and used to etch the samples.
Thermal analysis has been performed using Differ-
ential Thermal Analysis(DTA) to study the effect of
Y ,0, contents on the melting point of the studied
composite solder through heating the samplesin DTA
under argon with heating rate of 10 °C/min. Phase
identification of the alloys samples was carried out
by X-raydiffractometry at 40 KV and 20 mA using
Cu K_radiation with diffraction angles (20) from
20° to 90° and a constant scanning speed of 1°/min.
Individual phases and their crystal structures were
identified by matching the characteristic XRD peaks
against JCPDS data. Hardness was measured at
room temperature using the Vickers hardness Leitz
Wetzlar Germany instrument with loads of 250 g. A
total of 10 measurementswere performed onthelon-
gitudinal section of each sample and the averageis
taken asthe microhardness value.

RESULTSAND DISCUSSION

OM, SEM and EDX of the plain and composite
solders

The addition of Y ,O,micro-particles into the
SAC-0 solder influences final microstructures sig-
nificantly. Figure 1 showsacross-section images of
solders as a function of Y O, concentration. OM
bright field and cross-polarized images are employed
to analyze the microstructure of B-Sn grains, p-Sn
dendrites and different phases. OM bright Geld im-
ages can represent both grain boundaries and den-
drite cell boundaries, but cannot distinguish differ-

TABLE 1 : Chemical composition of SAC-0, SAC-0.2, SAC-0.5 and SAC-1 composite solders

Alloy Cu Ag Y05 Sn
SACO 0.5 1 - Bal.
SAC1 0.5 1 0.2 Bal.
SAC2 05 1 05 Bal.
SAC3 05 1 1 Bal
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Figure 1 : Optical micrographs (brigt field and cross-polarized) of SAC-0, SAC-0.2, SAC-0.5 and SAC-1 compos-
ite solders
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ent phases as shown in Figure 1 (a-d). However,
cross-polarized images cantell different phasesand
deline grain boundaries as shown in Figure 1 (e-h).
Figure 1 (a-d) show thebright field images of SAC-
0, SAC-0.2, SAC-0.5 and SAC-1 solders cooled in
air. It is obvious that, B-Sn grains became tuner as
well asdiverseinorientations asincreasing of Y ,0,
content. In addition, the grain boundaries become
sharperas shown in Figure 1 (c). Moreover, the
darker contrast precipitations and the dense phase
in between B-Sn are attributed to Y.,O, and Sn-Ag-
Cu eutectic respectively. Figure 1 (e-h) represent
the cross-polarized images of the same composite
solders. Themicrostructureof theintermetallicAg.Sn
(white) isclearly observed asshownin Figure 1 (e)
and becomefiner astheincreasing of Y ,,O, asshown
inFigurel (f), (g) and (h). Moreover, homogeneous
distribution of Y O, particlesthrough the -phase in
SAC-1 composite solder was confirmed as shown
inFigure 2.

Astheplain SAC-0sampleisnot an eutectic sol-
ders but near the eutectic composition, the volume
of ratio of the dendrite B-Sn phase was not very high
asusually obtained for eutectic solder (averagegrain
Size = 26 um), and its average grain size was rela-
tively smaller (10-15 pm). Addition of a small per-
centage of YO, particles to the plain solder was
observed to alter the as solidified condition SEM
microstructure. A huge effect of YO, on the -Sn
grain sizeand the eutectic areaswas clearly observed

Figure 2 : Optical micrograph (bright field) of SAC-1

addition to different phases; -Sn andAg,Sn
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inthe SEM photographs of SAC-0, SAC-0.2, SAC-
0.5 and SAC-1 compositesolders as shown in Fig-
ure 3. These revealed significant improvementsin
the refinement of dendrite 3-Sn grains, Ag,Sngrains
and Ag,Sn phase. B-Sn grain size has been decreased
from 10-15to 2-5 um range while the eutectic areas
around the 3-Sn grain were shrunk with higher den-
sity of intermetallic particlesand Y ,O, particles. The
size and spacing between Ag.Sn grainsin the com-
posite solder matrix decreasewith increase of Y ,0,
particles. According to the EDS analysisshown in
Figure 4, the eutectic areas were found to contain
Sn, Ag, Cu and O. As the solders used were Sn-
1Ag-0.5C soldersintermixing micro-Y O, particles,
Cu element is solution in the matrix and Ag,Sn was
the only precipitate phase containing Ag element in
the solder, the network eutectic areas can be con-
sidered to consist of submicro-Ag.Sn and micro-
Y, 0O particles.

Thermal analysis

Melting temperatureis one of themost vital con-
siderations for development of new solder aloys.
Regarding solder composites, the melting point
should not increase much morethan that of theplain
solder alloy otherwise the solder composites loses
their advantages. The results of DTA analysis for
solder composites are presentedin Figure (5) and
summarizedin TABLE 2. Theonset (T, ) and melt-

ing temperatures (T ) of SAC-0, SAC-0.2, SAC-
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Figure 3 : Secondary electron micrographs of SAC-0, SAC-0.2, SAC-0.5 and SAC-1 composite solders

0.5 and SAC-1 solder composites are, respectively,
219.6 °C, 223.4 °C, 223.6 °C, 224 and 226.3 °C*1,
228.9 °C, 227.8 °C, 228.7. These results confirm
that addition of Y O, hasalittleeffectonthe T and
T,. This dightincreasein the melting point of the
composites older couldbe possibly attributed to the
changeinthesurfacein stability andthevariationin
physical properties of grainb oundary/interfacial
characteristics.

XRD analysis

Toidentify the phase structures of SAC-0, SAC-
0.2 andSAC-1, XRD was conducted and the corre-
sponding pattern sare presented in Figure 6. Only
large peaks intensity of p-Sn and smallpeaks of
Ag,Snphases have been detected. XRD lines corre-
spondingto 'Y ,O, could not be observed at low con-
tent of Y ,O,sample (x=0.2), while they appear
clearly for higher content of Y ,O,sample (x=1). This
indicated that the Y,O, micro-particles have been

successfully blended with the SAC solders. XRD
analysis shows a clear decrease of |attice constant
for SAC-1 comparing to the SAC-0 as shown in
TABLE 3, indicating to the increase of the content
of solute Cu atoms, of lower atomic radius, in f-Sn
matrix. As a result, microstrain of f-Sn has been
observed to increase clearly by increasing of Y. O,
content.

MICROHARDNESS

Vickers microhardness values represented av-
erage hardness values of ten intents performed at
different regions of SAC-0, SAC-0.2, SAC-0.5and
SAC-1lcomposite solders. The influence of
Y ,O,micro-particles on microhardness of compos-
itesoldersissummarized in TABLE 4 and compared
in the bar graph of Figure 7. It can be seen that the
microhardness of the origina SAC-0 composite sol-
der is aslow as 14.3HV, while those of SAC-0.2,
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Figure 4 : EDX signals of points 1, 2 and 3 represented in Figure 3
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Figure 5 : DTA signalsduringheating (endothermal) of SAC-0, SAC-0.2, SAC-0.5 and SAC-1 composite solders
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Jand peak temperature for solder composites alloys during heating curve

Composite Solder T onset Peaktemperature
SAC-0 219.6 226.3
SAC-0.2 223.4 228.9
SAC-0.5 223.6 227.8
SAC-1 224.0 228.7

TABLE 3: Lattice constant, crystallite size and microstrain% of pure pB-Snas a reference, and B-Sn in SAC-0, SAC-

0.2 and SAC-1 composite solders

L attice constant

Crystallite size (nm)

microstrain% (nm)

B-Sn

SAC-0

SAC-0.2

SAC-1

a= 0.58316
c=0.31813
a=0.58275
c=0.31770
a=0.58298
c=0.31798
a=0.58190
c=0.31708

89 0.1374
91 0.1356
86 0.1556

TABLE 4 : Microhardness results of SAC-0, SAC-0.2, SAC-0.5 and SAC-1composite solders

Specimens Y05 Microhardness (Hv)
SAC-0 Nil 14.3
SAC-0.2 0.2 15.6
SAC-0.5 0.5 16.4
SAC-1 1 18.2

A Sn
Al A Sn-1Ag-0.5Cu-XxY,0, ¢ AgsSn
‘. Aj @ Y0
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‘ ) x=0
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Figure 6 : XRD patterns of SAC-0, SAC-0.2 and SAC-1 composite solders

SAC-0.5 and SAC-1 composite soldersincrease
t015.6, 16.4,and18.2 HV, respectively. It is also
found that the microhardness enhancement of these
Y ,0,-containing composite solders arel0.6%,

16.3% and 29% compared with Y ,O_-freenon-com-
posite solders. This enhancement might be attrib-
uted to thereduction inthegrain size of the -Sn and
spacing between Ag,Sn grains in solder matrix in
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Figure 7 : Microhardness comparison on bar graph of SAC-0, SAC-0.2, SAC-0.5 and SAC-1 composite solders

addition to the pinning of linear dislocations. More-
over, the presence of homogeneous distribution of
Y O particles in the solder matrix, and the refine-
ment of the intermetallic compounds could act as
reinforcement.

CONCLUSION

In this work, the influence of YO, micro-par-
ticles addition on themicrostructure, and
microhardness of Sn-1Ag-0.5Cu-xY O, composite
solderswereinvestigated. Significant microstructural
changes were observed in composite solder speci-
mens. B-Sn grain size was decreased from 10-15 to
2-5 um range. In addition, the eutectic areas around
the B-Sn grain were shrunk with higher density of
intermetallic particlesand Y O, particles. Thermal
analysis confirmed that addition of Y O, hasalittle
effect on the melting point of the studied composite
solders. OM and XRD analysis show that
Y 0O particles have been successfully blended with
the SAC-0 solder and Cu solubility in f-Sn and
microstarin% of f-Sn increase by increasing of Y O,
contents. Microhardness of the studied composite
solders has been improved owing to the reduction
in the grain size of the B-Sn and spacing between

Woterioly Science  mmm——

Ag,Sn grains, homogeneous distribution of Y, O,
micro-particlesin the solder matrix and refinement
of theintermetallic compounds.

REFERENCES

[1] SH.J.ELiMannan, M.PClode et al.; Acta Mater.,
55, 737 (2007).

[2] W.Dong, Y.Shiet al.; J.Electron.Mater., 37, 982
(2008).

[3] SM.L.Nai,JWei, M.Gupta; J.Alloy.Compd., 473,
100 (2009).

[4 z.X.Li,M.Gupta; Adv.Eng.Mater., 7, 1049 (2005).

[5] E.PWood, K.L.Nimmo; Journal of Electronic Ma-
terials, 23, 709 (1994).

[6] M.R.Hassison, J.H.Vincent, H.A.H.Steen; Solder-
ing and Surface Mount Technology, 13, 21 (2001).

[7] S.Gadag, S.Patra; Journal of Electronic Materials,
29, 1392 (2000).

[8] T.Y.lee, W.J.Choi, K.N.Tu; JW.Jang, S.M.Kuo,
JK.Lin; Journal of Materials Research, 17, 291
(2002).

[9] D.R.Frear,JW.Jang, JK.Lin, C.Zhang; Journa of
Metals, 53, 28 (2001).

[10] Y.GLee, J.GDuh; Journal of MaterialsScience:
Materialsin Electronics, 11, 33 (2000).

[11] A.A.El-Daly , G.S.Al-Ganainy , A.Fawzy ,
M.J.Younis; Materialsand Design, 55, 837 (2014).

An Judian Jouwrual



