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A Study on the Soldering Characteristics of Sn-Ag-Bi-In Ball in BGA
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Abstract

Pb is considered to be eliminated from solder, due to its toxicity. However, melting temperatures of most Pb-free
solders are known higher than that of Sn37Pb. Therefore, there is a difficulty to apply Pb-free solders to electronic
industry. Since Sn3Ag8BiSIn has relatively lower melting range as 188~200C, on this study. Wettability and
soldering characteristics of Sn3Ag8BiSIn solder in BGA were investigated to solve for what kind of problem. Zero
cross time, wetting time, and equilibrium force of Sn3Ag8BiSIn solder for Cu and plated Cu such as Sn, Ni, and
AuNi-plated on Cu were estimated. Plated Sn on Cu showed best wettability for zero cross time, wetting time and
equilibrium force. Shear strength of the reflowed joint with Sn3Ag8BiSIn ball in BGA was investigated. Diameter of
the ball was 0.5mm, UBM(under bump metallurgy) was Au(0.5ym)/Ni(5um)/Cu(18ym) and flux was RMA type. For the
reflow soldering, the peak reflow temperature was changed in the range of 220~250°C, and conveyor speed was
0.6m/min.. The shear strength of Sn3Ag8BiSIn ball showed similar level as those of Sn37Pb. The soldered balls are
aged at 110C for 36days and their shear strengths were evaluated. The shear strength of Sn3Ag8BiSIn ball was
increased from 480gf to 580gf by aging for 5 days.
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2.1 Wetting balance test
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Table 1 Plated condition of specimen

Type Plated condition
A Cu(300um)
B Sn(5m)/Cu(300¢m)
C Ni(5m)/Cu(300m)
D Au(500A)/Ni(5m)/Cu(300m)
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Fig. 1 Temp. profile of reflow machine
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Fig. 2 llustration of ball shear strength test
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3.1 Wetting balance test
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Fig. 3 Effect of plated condition on zero cross time
for Sn37Pb, Sn3.5Ag and Sn3Ag8Bi5In

RS est 5204 H49%. 20024 8R

ReAZro] Ztz 1.3%, 0.8% AR ZAisch
Sn37PbEUE 1%, 0.8% AE, Sn3.5Ag2HE 0.4
%, 0.2% 7V A SAIZo] AT T8 Nisd
=2319E wole Sn37Pbgtd 2 Sn3.hAgEt 9
Azl 1.2%2~0.2% 718kt o] dol= Sn3
Ag8BiSIn €49 Z-folle 71#FR Nig =33
wEhd FH-ZAZke] 0.2% AT

Fig. 55 2 €vitie] AJd2xoA F3ole] Cu,
Sn/Cu, Ni/Cu, Au/Ni/Cu % ZV7] B8 EUEF3
2o w2 BPRIHe Was B Aotk Sn3
Ag8BiSInETE W SnEF3 AlHL =FR] &t
< W] AlHo HEle] FHFEe] 2mNAF= F7I8IA
t} B8 NiZgd Curl#e 2&Eo] 0.2mNI%
Ardgon, FAg Au/Ni EF% AJHE CurlHe
A¥ET ImNAE At dAdes B o
Sn/CuZ# Cu A|HL AE=o| &y FF A
o] AR dH3IHATE, Ni/Cu, Au/Ni/CuF AlH
< &9 F7 et 2399 HAaE A vER
k. 2 Nigg =38 4% &v9 F5 wg 2L

[e]

79| Apol7} AA YebdE ¢ & I

3.5 Bl s

2.04

1.59

Wetting time (sec)

1.09

0.5+

0.04 i g
Cu Sn/Cu Ni/Cu Au/Ni/Cu

Plated condition
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Fig. 5 Effect of plated condition on Equilibrium force
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507



102

32 BGA HEHEE

Fig. 6& 828 ¢9¥ 2w} AGd=dd vX+=
GES dolry] YA B ER ST 25 ¥l o
2 Sn3Ag8BibIngt gt Sn37Pbedle] HH}mzke]
Hals F /A wygoez JeRd Aot Fig. 6(a)dl
FZ2 &g £59 Zvl wE Sn3Ag8B151n ti
9} Sn37Pb&de] AGAE WsE JehidT. F
o 2% gE2 &y & ¥ fE AgiEitol
A ZasAY F7ER g FE Holx Ytk
AEE £y 2571 220~250CE Wl wal
Sn3.5Ag8Bi5SIn& T ¢ Sn37PhEY BT AWALE
o] & 400~550gf2 UEbTh ©] éAETH ZE=
£rjgo] 220~250C 2% FIHIA  gsleizick
Sn3Ag8Bi5In& 7t Sn37Pbsti gt Hl%f& 4%70
#& Jehdde AS 4§ JSUTh 53] 49 £
tE £59 220~240CoME Sn3Ag8B15In &7t
Sn37Pb&H R} F 50 E F2 AE#E HAth
ol& Bidl3t m&7st, YAHEAEE 28l Ag3Sn
JAREARE 5 A8 ZEA] d2do] A8 Reg 4
"t

Fig. 6(b)E HEZ €93 259 £49 &82%
o] o] W3l wWE ARPE WIS Jehd Aol
B dAoxE SnAgBilngTw 9} SnPbhEdel 2E=
oy exxde Ze v % &vl9 ¥H(Sn3
Ag8BisIn:205C, Sn37Pb:183T)e] thar] uwjio
A7) vlwel = Hol k. AR B ER &
by 29 &0 88259 A7t oF 35~45CY
o, & &vle] ARG ¢ 35~45T ¥ £EE g
z2 £08g PIchd Sn3Ag8BiSIndte] AYA
Tztol Sn37PbETIETt o 20~50gf FE ESS ¢
& AT

Fig. 72 Sn3Ag8Bi5InEHE 220C~250C=E ¢
zz £69 3 F, 110TAAY A &0 W& Ad7t
T A3E UrEhHm_ AUtk £dd A3 ZAxET F
LAXE S AXEAM ARl Sk T
9] s fxdtn vt 2xERE 2201 A%
opzt 7wt A ez wedo, 230~250T9] 7
+ Axe AR fARK.

230~250C9 £ty 2%xdA &2 £9ya 3
Zo] oF 460~480gf A=) ARAEZES Holm 3
o 5UARY F2EAME AXWAM % 550~
600gfZ A =gtel 43 F7ketdth. 28ln 1
olZ 36dA= x%vwgy} Az LdFsA FRIB
S o 4 Y. Lee" 53 Li Y2 Sn-AgA &0
7} €9y 3o 5EAEE AXA H¥ M Ew

P

o

508

EER-AEL-AAD
o] A3 Zashe ZAE Holtkm Rudhl ot
T by _i Bi7t e &de s2gAEAd #
obsittn AU :LEM Fig. 714 Jehd ut

9} o] Sn3Ag8BiSIngdE HZEE LUHS Yo
3T =098 8 AAHA Leedt Li 59 BHuste €

—8— Sn3Ag8BiSIn
600 ~—QO~— Sn37Pb

500

400

Ball shear strength ( gf )

300

T T T T T L T T
215 220 225 230 235 240 245 250 255 260
Reflow temp ( C)

(a)

—B— Sn3Ag8Bi5In
600 —O— Sn37Pb

™ i/i—f\ / §\§

400

-4

Ball shear strength (gf)

300

—————T—T—T——rTT
15 20 25 30 35 40 45 50 55 60 65 70
Melting point + X (C)
(b)

Fig. 6 Effect of reflow temperature(a), and melting
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