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ABSTRACT

In this study, effect of melting temperatures of Sn-3Ag (SAC300), Sn-3Ag-0.5Cu (SAC305) and Sn-0.3Ag-0.7Cu (SAC0307)
ternary Pb-free solder alloys on wettability were investigated. The sessile drop technique was used in order to evaluate the contact
angles of Pb-free solder alloys on Cu substrate at predetermined temperatures (250, 280 and 310 °C). The melting temperatures of
alloys were examined by differential scanning calorimeter (DSC) that SAC305 Pb-free alloy has lower than those of SAC300 and
SACO0307 alloys. The best wettability was found for SAC305 and this was followed by SAC300 and SAC0307. The lowest value
of contact angle for SAC305 was 41.90° at 310 °C on Cu substrate.

Keywords: Contact angle, melting temperature, wettability.

Ergime Sicakligiin Cu Altlik Uzerinde Sn-Ag-Cu
Alasimlarinin Islatabilirligine Etkisi

0z

Bu ¢aligmada, Sn-3Ag (SAC300), Sn-3Ag-0.5Cu (SAC305) and Sn-0.3Ag-0.7Cu (SAC0307) dortlii kursunsuz lehim alagimlarinin
ergime sicakliklarinin 1slatabilirligine etkisi arastirlmistir. Onceden belirlenmis sicakliklarda (250, 280 and 310 °C) Cu altlik
lizerinde kursunsuz lehim alagimlarinin temas agilarini belirlemek igin Sessile damla teknigi kullanilmistir. Alasimlarin ergime
sicakliklar1 diferansiyel tarama kalorimetresi ile incelendi. Buna gére SAC305 kursunsuz lehim alagiminin ergime sicaklig, diger
SAC300 ve SAC0307 alagimlarininkinden daha diisiiktiir. SAC305 alasiminin en iyi 1slatabilirlige sahip oldugu bulunmustur ve
bunu sirastyla SAC300 ve SAC0307 alagimlari takip etmektedir. En kiigiik ag1 degeri, SAC305 i¢in Cu altlik tizerinde ve 310°C 'de
41.90° 'dir.

Anahtar Kelimeler: Temas acisi, ergime sicakhigl, islatabilirlik
1. INTRODUCTION

For the last 20 years, the restriction of lead in industrial
fields has been strongly supported because of the
environmental protection on trial chamber of air, water

studied. The aim of this study is to investigate and to
compare the wettability of SAC300, SAC305 and
SAC0307 alloys which is effected by melting
temperature on Cu substrate in Ar atmosphere

and soil [1]. This tendency was reinforced in Europe by
the RoHS and WEEE directives [2]. That’s why, instead
of Sn-Pb lead solder alloys utilized by the electronic
industry as a solder material, required works are spent in
development of alternative alloys. In susceptible studies,
since melting temperature was reported at a point close
to the eutectic Sn— Pb alloy (198°C) and they have low-
cost, SAC300, SAC305 and SACO0307 Pb-free solder
alloys were taken into consideration [3].

A Pb-free solder alloy drop spreads to enlarge on the Cu
substrate and comes to rest making an angle.

Under equilibrium conditions this angle is called contact
angle which is decided by the surface and interfacial
tensions. It is usually accepted that the smaller the
contact angle, the better the wettability [5]. In order to get
perfect wettability of Pb-free solder alloys as substitutes
for Sn-Pb solder alloys, Sn-Ag-Cu alloy systems have
been studied in the previous work [6-9]. However, effect
of melting temperature on contact angle must also be

The solderability is directly related to the wettability of
two surfaces being joined. The efficiency of
manufacturing and reliability of electronic devices
depend upon the quality of solderability thus wettability
[4].

Wettability generally involves the measurement of
contact angles as the primary data, which specifies the
degree of wetting when a solid and liquid interact. Thus,
the measurement of the contact angle gives an estimate

on wetting behaviour. To determine the wettability of a
solid metal substrate by molten solder alloy, Young’s
equation is conventionally used:

cos 8 = ysy — Vsi/Viv

2. MATERIALS AND METHOD

In this work, SAC300, SAC305 and SAC0307 Pb-free
solder alloys and oxygen-free Cu were chosen as the
soldering materials and the substrate, respectively. The
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chemical compositions of the studied Pb-free solder
alloys are listed in Table-1.

Casio-Pro EX-F1, 600 FPS Model camera employed to
capture views of drops at the 5th, 10th, 15th, 30th, 60th,
90th, 120th and 150th seconds and these

analysis were carried out while specimens in maximum
30 mg weight and at 40-300 °C temperature range (5
min.) [10]

Table 1. Chemical composition of Pb-free solder alloys (wt. %)

Pb-free alloys Ag Cu Sh Bi Pb As Sn
SAC300 3,05 0,05 0,12 0,1 0,1 0,03 Rest
SAC305 2,98 0,52 0,1 0,1 0,1 0,03 Rest
SAC0307 0,35 0,73 0,05 0,05 0,1 0,01 Rest

At present, in determination of wetting properties of
SAC300, SAC305 and SAC0307 ternary lead free solder
alloys, 99.85% pure electrolytic copper substrate were
used. the wetting tests made by the Sessile drop
technique. By means of this technique, SAC300,
SAC305 and SAC0307 ternary lead free solder alloys
were dropped on copper substrate at various temperatures
of 250, 280 and 310°C. Images were transferred into
Corel Draw X-5 Software to measure contact angles of
each drop from the right and left profiles. Because of
these processes repeated for each temperature, mean
angle values were calculated and new diagrams were
drawn through the Sigma Plot 12.0 Software. To
determine melting temperatures of alloys, the DSC

3. RESULTS AND DISCUSSIONS

Fig. 1 shows the relationship between the contact angle
and the temperature and the time. For SAC300, SAC305
and SACO0307 Pb-free solder alloys, the contact angle has
not decrease suddenly with temperature but changes with
time. A sharp decrease in the contact angle was observed
for the Pb-free solder alloys at each temperature for
approximately the first 30 s. The values of contact angle
exhibit the degree of wettability [11].
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. 1. Time dependence of the contact angle of
SAC300, SAC305 and SAC0307 alloys on Cu
substrate at various temperatures (a) 250°C, (b)
280°C and (c) 310°C.
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Fig. 2. DSC analysis results of SAC300, SAC305 and
SACO0307 alloys.

According to DSC analysis results, the melting
temperature of SAC305 is lower than those of SAC300
and SAC0307. That is, It has lowest melting temperature,
217.8°C [8, 9, 11, 12]. Thus, the wettability of SAC305
Pb-free solder alloy is better than those of SAC300 and
SACO0307 Pb-free solder alloys.

4. CONCLUSION

In summary, effect of melting temperature on contact
angle of SAC300, SAC305 and SAC0307 Ph-free solder
alloys on wettability were investigated by the sessile drop
method in Ar atmosphere. The experimental results
showed that equilibrium contact angles (8)
proportionally decreased with increasing temperature.
The lowest 6 and melting temperature was obtained as
41,90° and 217.8 °C respectively for SAC305 Pb-free
solder alloy.
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