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Lead cannot be used in solder alloys due to its deep-rooted toxicity. In the view of this fact, much legislation came into existence
to prohibit the usage of lead in solder joints. Many lead free solder alloys came to replace the conventional Sn-Pb solder alloy.
This study investigates the effect of addition of Ag (0.25, 0.5, 0.75, 1 wt.% ) on the melting behavior, wetting characteristics,
hardness and microstructure properties of ternary lead free solder alloy — Sn-1Cu-1Ni. Melting temperature is found to be
decreased slightly from 232.2°C to 228.7°C. The distance between the adjacent atoms and the root mean vibration amplitude
determines the melting temperature property. Ag.Sn formed in the matrix has changed the melting point characteristics
which resulted in the slight decrease of the melting temperature. Contact angle get reduced from 36.75° to 22.87°. Hardness
value is found to be increased from 16.1 to 19.2. Ag is found to be uniformly distributed in the microstructure analysis. As far
as the data available show, the microstructure of this lead free solder alloy consists of coarse 3-Sn grains. Ag,Sn, Cu,Sn, and tin
in the alloys are found in the eutectic region. The refinement of f-Sn grains is happened in a good manner due to the addition
of particle of Ag. The recommended amount of Ag addition in to the Sn-1Cu-1Ni is 1wt.%. This lead free alloy can be used in
electronic packages exposed to relatively high temperatures.
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IKcnepuMeHTaNbHOE MCCIeJOBaHe BIUAHNA T00aBKu Ag
B TPOITHOIT 6ecCCBMHIOBBIN citaB Hist maiku Sn-1Cu-1Ni

Ixanm C', Onmac [Ix.

JlemapTaMeHT MHXeHepHOI MeXaHMKM, VIH)XeHepHas 1mKona, KolMHCKMIT YHUBEpCUTET HAyKy U TeXHOIoruit, 682022,
Kournn, Kepana, nana

CBuHeI| He MOXXET OBITh JICIIONb30BaH B CIUIABaX JIA MAifKM M3-3a CUIBHON TOKCMYHOCTHU. BBMAY 3TOTO, 6BIIO MIPUHATO
MHOTO 3aKOHOJIATeTbHBIX aKTOB O 3aIIpeTe JCIIONb30BaHMA CBIHIA B IPUIOAX. BsameH o6bryHOrO CrimaBa it mariky Sn-Pb
OBI/IO TIPEMITOKEHO MHOXKECTBO OECCBIHITOBBIX IPHTIOeB. B maHHOI paboTe rccnenyercs Bnusaame fo6aBku Ag (B KommdecTse
0.25, 0.5, 0.75, 1 Bec.% ) Ha TeMIepaTypy IUIaBJICHNU A, XapaKTePUCTUKI CMAdVBaeMOCTH, TBEPLOCTb ¥ MUKPOCTPYKTYpPHbIE
CBOJICTBA TPOMHOIO OeCCBMHIIOBOTO CIUIaBa A maiky Sn-1Cu-1Ni. O6HapyXeHO HEKOTOpoe CHIDKeHMe TeMIlepaTypbl
mrasnaeHnsa ot 232.2°C mo 228.7°C. TemmepaTypa IUIaB/IeHV OIpPeNeNAeTCs PACCTOSHIEM MEXAY COCENHUMN aTOMaMNU
M CPe/iHEKBAJPATUYHBIM OTKIOHEHNeM aMIMTyn ux konmebanmit. Coepmuuenme Ag.Sn, obpasyiomieeca B MaTpwuile,
U3MeHAeT IOBefieHye BOMM3YM TOYKM IUIABJIEHMS, YTO IPMBOJAT K CHVDKEHVIO TeMIlepaTypbl IUIaBjleHMA. KOHTaKTHBI
yron yMeHbInaercs ¢ 36.75° go 22.87°. TeeppmocTth mosbimaercs ¢ 16.1 1o 19.2. MUKpOCTPYKTYPHBIN aHAIN3 MOKA3bIBAET,
9TO cepebpo pacmpesienieHO B MaTepuane OFHOPOAHO. Kak ITOKas3bIBalOT MMeoIyecs AaHHbIE, MUKPOCTPYKTYpa 3TOTO
6eCCBMHIIOBOTO CIIaBa COCTOUT M3 KPYIHBIX 3epeH (-Sn. B sprextmdeckoit o6macty crmaBoB obHapyxusaiorcsa Ag.Sn,
Cu,Sn, u onoso. bnarozaps fo6aske Ag mpoucxopuT usMenbueHne sepen B-Sn. Pekomenyemoe konmdaecTso 06aBok Ag
B citaB Sn-1Cu-1Ni cocraBnseT 1Bec.%. ITOT O€CCBUHIIOBBIN CIUIAB JIA ITAIIKU MOXKET OBITh MCIIO/NIb30BAH B 97IEKTPOHHBIX
6710Kax, SKCIUTyaTUPYeMbIX IIPU JOCTATOYHO BBICOKMX TeMIIepaTypax.

KiroueBble coBa: 6eCCBMHIIOBBII, CIUIAB /1A MAIKY, TeMIIepaTypa I/IaB/IeHUs, TBEPAOCTb, MUKPOCTPYKTYpa.
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1. Introduction

For thelast two decades solder alloys are having revolutionary
changes because of the ban on lead in the alloy citing its
inherent toxicity and environment issues. Strict government
regulations and the demand from customers forced the
advanced electronic package industries to progressively
increase the usage of lead free solder alloys. [1,2,12].
The commonly used Sn-Pb alloy is therefore replaced by a
largenumber oflead free alloy groups. Asareplacement for the
Sn-Pb alloy, following alloys are mainly used: Sn-Zn, Sn-Cu,
Sn-Bi, Sn-Bi-Ag, Sn-Ag-Cu, Sn-Zn-Bi etc. [3-11]. Melting
point, hardness, wetting property and the microhardness are
the important properties that should be considered while
selecting an alternate for the Sn-Pb alloy [13-16]. Sn-Cu
received much attention asalead free solder alloy choice when
cost is considered as a variable. But Sn-Cu alloy is having
inferior wetting characteristics and mechanical properties.
[16-19]. The microstructural and mechanical properties of
the lead free solder alloys can be improved substantially by
the addition of foreign materials. The addition of Ni into the
Sn-Cu enhances the properties of the solder alloy [20,21].
In this study, analysis is done on the perspective of the
addition of Ag in to the ternary Sn-1Cu-1Ni alloy. The Ag
is added in 0.25, 0.5, 0.75 and 1 wt.% into the solder alloy
matrix of Sn-1Cu-1Ni. Hardness, melting temperature,
contact angle and the microstructure of these five alloys (one
sample of Sn-Cu-Ni and four samples of Sn-Cu-Ni-xAg)
were analyzed. The amount of silver should be very carefully
determined because of the fact that the silver will increase
the cost of the solder alloy drastically.

2. Experimental procedure
2.1. Sample preparation

The most commonly followed method for the preparation
of the solder alloys is powder metallurgy. The elements in
the composition will be in the form of powder. This powder
will be compacted as a green body. This is then sintered
into the required shape at enhanced temperatures. Sn, Cu,
Ni and Ag were made available in the form of powder and
are allowed to melt at enhanced temperature of about 900°C
for 45 minutes. This molten material is then transferred into
specially designed cylindrical molds. All these five alloys with
variation in the composition of Ag is allowed to quench and
were kept in the room temperature for 2 days. Visual analysis
of these alloys was conducted for the initial acceptance.
These alloys were undergone chemical composition analysis.

2.2. Melting temperature analysis

Higher melting temperature of the solder alloy is considered
as a bad property citing the fact that the electronic package
will fail at higher temperatures. Melting temperature
analysis of all the five samples were conducted using Thermo
Gravimetric and Differential Thermal analysis (TG-DTA).
Thermo Gravimetric analysis (TGA) measured the weight
loss or gain as a function of temperature, the TGA trace
appear as steps, it can be deal with the derivative of TGA

with respect to time or temperature. Differential thermal
analysis (DTA) is a technique for recording the difference in
temperature between a substance and a reference material
as a function of time or temperature as the two specimens
are subjected to identical temperature regimes in an
environment heated or cooled at a controlled rate.

2.3. Microhardness measurement and wetting analysis

Abrasionand wear characteristics ofa material can be assessed
using hardness analysis. Hardness tests were performed using
hardness testing machine. Each HV value was the average of
fifteen different readings which were noted down at random
points on the surface of the sample. Sample preparation was
done using grinding by taking different grades of SiC papers.
Then the samples were polished. The surfaces of the alloys
were analyzed in Axio Vertical A1l metallurgical microscope
before and after the microhardness test.

Wetting can defined as the ability of the molten solder
alloy to react with the bottom substrate. Intermetallic
compounds (IMC) will be formed which acts as the adhesion
layer to join the solder and the substrate. The molten sample
of the five alloys was spread over the Cu substrate. Then the
contact angle is measured. Generally if the wetting or contact
angle lies between 0° and 90° the system is said to be wet.
If the wetting or contact angle is between 90° and 180° the
system is considered to be non-wetting.

2.4. Microstructure analysis

Four grades of SiC papers were used for grinding the five
alloy samples which is followed by the mechanical polishing
with a diamond suspension. 95% ethanol solution/5%
HCl is used for chemical etching. The surface details of the
samples were analyzed by field-emission scanning electron
microscopy (FE-SEM, Carl Zeiss Sigma). All the images
were taken at a magnification of 5.00KX, scale=1 um,
Electron High Tension (EHT)=5.00 Kv, Working Distance
(WD)=3.2 mm

3. Result and Discussion
3.1. Chemical Composition

Five alloy samples were made with different composition.
Chemical compositions of the alloys were analyzed using
ICP-OES. The results of the analysis are shown in the Table 1.

3.2. Melting Temperature

The melting points of all the five samples were tested
using TGA analysis. The results were noted down and
a comparison is shown in the Fig. 1. It can be seen that
the melting temperature of Sn-Cu-Ni alloy is 232.2°C.
The melting temperature of Sn-Cu-Ni-xAg (x=0.25, 0.5,
0.75, 1 wt.%) are 231.2, 230.1, 229.4, 228.7 respectively. So it
can be concluded that with the addition of Aginto Sn-Cu-Ni,
the melting temperature is decreasing slightly. The distance
between the adjacent atoms and the root mean vibration
amplitude determines the melting temperature property.
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Table 1. Chemical composition required (%) and the composition results (%).

Solder Alloy Composition required (wt.%) Chemical Composition results (wt.%)
Sn Cu Ni Ag Sn Cu Ni Ag
Sn-0.5Cu-1Ni 98.5 1 1 0 98.4833 1.0180 0.9987 0
Sn-0.5Cu-1Ni-0.25Ag 98.25 1 1 0.25 98.2234 0.9987 1.0456 0.2321
Sn-0.5Cu-1Ni-0.5Ag 98 1 1 0.5 98.0734 1.0534 0.9875 0.4857
Sn-0.5Cu-1Nii-0.75Ag 97.75 1 1 0.75 97.7545 1.0134 0.9523 0.7798
Sn-0.5Cu-1Ni-1Ag 97.5 1 1 1 97.4845 0.9895 0.9675 1.0580
Ag.Sn formed in the matrix has changed the melting point et
characteristics which resulted in the slight decrease of the 5 232
melting temperature. The undercooling of Sn-Cu-Ni solder <
material is found to be decreasing slightly with the addition é &
of Ag. 2 230
) = 220
3.3. Hardness and Wetting
228 T T T 1
Contact angle as a function of Ag addition to the Sn-Cu-Ni el fees e i G
Percentage of Ag

solder is shown in the Fig. 1. It can be seen that the contact
angle of Sn-Cu-Ni alloy is 36.75°. The contact angle of
Sn-Cu-Ni-xAg (x=0.25, 0.5, 0.75, 1 wt.%) are 27.54°, 26.44°,
24.12° and 22.87° respectively. Therefore, the contact angle is
getting reduced as the Ag is added.

It can be found that the hardness value increases as
the amount of Ag is increased in the Sn-Cu-Ni alloy. The
hardness value of Sn-Cu-Ni alloy is found to be 16.1 HV, and
when 1% of Ag is added to this alloy, hardness value is found
to be increased to 19.2 HV. A comparison of microhardness
value of these five alloys with SAC305 and SAC405 were also
conducted. The microhardness property values of SAC305
and SAC 405 were taken as 13.47 HV and 13.98 HV.

Comparison of variation of melting temperature, contact
angle and hardness of the alloy with percentage of Ag addition
are shown in Figs. 1, 2 and 3.

3.4. Microstructure analysis

As far as the data available show, the microstructure of this lead
free solder alloy consists of coarse $-Sn grains. Ag.Sn, Cu,Sn,
and tin in the alloys are found in the eutectic region. The
refinement of 3-Sn grains is happened in a good manner due
to the addition of particle of Ag. Ag is found to be uniformly
distributed on the solder matrix which can be observed
from the microstructure analysis. Eutectic bands are found
to be becoming narrow. The refined grain boundary is the
reason for the slipping of the dislocation prevention. Another
reason is the Cu,Sn, dispersion at the grain boundary of -Sn
dendrites in a uniform fashion. Evaluation also revealed the
a-phase Cu and p-phase Ag. The FE-SEM image of Sn-Cu-Ni
when 1 wt.% Ag added is shown in the Fig. 4.

4. Conclusion

The mechanical and microstructure analysis of the effect of
addition of Ag particles into the lead free solder ternary alloy
Sn-1Cu-1Ni has been done. The Ag addition resulted in the
slight decrease in the melting temperature. Ag.Sn formed in
the matrix have resulted in the slight decrease in the melting
temperature. The microhardness of the alloys were found to

Fig. 1. Variation of Melting temperature.
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Fig. 3. Variation of Hardness.

be increasing with the addition of the Ag. The prevention
of sliding and the holding of the grain boundaries due to
the presence of Ag in the solder matrix strengthens the
microhardness of the alloy. When commenting about
the wetting characteristics, a significant improvement
is observed in the contact angle. The microstructure
observations revealed that the Ag was uniformly distributed
on the surface of the solder matrix. The recommended
content of the Ag to be added into the Sn-1Cu-1Ni solder
alloy is 1 wt.%. It can be used in the electronic packages in
the automobiles where the temperature is relatively high.
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WD = 5.9 mm

Signal A = InLens
Mag= 50.00 KX
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Fig. 4. Microstructures of the alloy at 50K X.
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