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Abstract

Recently as environmental pollution caused by Pb has posed a serious threat to the global
environment, the trend to regulate the usage of Pb in electronic industry is on the rise.
Currently, the solder alloy with high Pb content, Sn-37%Pb, is utilized in the electronic
assembly; therefore, the objective of this study is to develop an alternative solder alloy for the
existing Sn-37%Pb solder alloy.

First thing, this work choosed Sn-5%Pb-1.5%Ag, Sn-5%Pb-1.5%Ag-x%Bi(x=1~5%) for
candidate solder alloys, and examined their properties such as melting range, wettability,
microhardness, tensile property, oxidation behavior and microstructure.

Wettability was on the same level of Sn-37%Pb. Dissolution of Pb ion in Sn-5%Pb solder was O.
46ppm. This solder alloy revealed cellular dendrite microstructure f-Sn matrix, Pb-rich phase, Ag/
Sn, and Cu/Sn Intermetallic compounds. The range of solidification temperature was within 30C.
Also these alloy displayed higher tesnile strength and lower elongation than Sn-37%Pb.

The resistance of oxidation in Sn-5%Pb-1. 5%Ag solder alloy was superior to that of Sn-37%
Pb solder alloy. But that of Sn-5%Pb-1.5%Ag-5%Bi solder alloy was equal to that of Sn-37%
Pb solder alloy.
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Fig. 1 Shape and dimension of tensile specimen
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Table 1. Effect of element added on characteristic of Sn solder alloy

Eutectic Melting Cost
Element Composition Remark
(mass%) Temp. (T) (to Pb)
Pb 63Sn-37Pb 183 1 RS54
In 48Sn-52In 117 281 cost T
Bi 43Sn-57Bi 138 10.5 Z=1, 992841
cd 67Sn-33Cd 176 54
Ga 8Sn-92Ga 20 916 costT, 4|
Zn 91Sn-9Zn 199 2 dross”d 1
Mg 98Sn-2Mg 200 2~3 AT, 84T
T 56. 5Sn-43. 5T1 170 =4
Ce 97.55n-2. 5Ce 220 high 841
Ag 96. 55n-3. 5Ag 221 175 A21, 44==1, 7141
Li 99, 8Sn-0. 2Li 228 high a4
Na 99Sn-1Na 220 84
Cu 98. 38n-1. 7Cu 227 1-2 A=, gdE=ET
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Table 2. Weight percentage of Pb dissolved in acid

solution (pH4) .
Alloy (mass%) Sn-5Pb Sn-37Pb
Dissolved Pb (ppm) 0.46 8.0
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KBS EEGE $164 H3W, 19984 65

Pb-1.5%Ag9) 5TET}F B FolAla glu, 5%Bi
€ A7t FFL ¥ 3.2C AR 1%BiE AR
gl Hele Ad] wistetn A 4&e &+
o oA Big ks dPART 139 25
7k F7¥eE Fo] Ax, M WE I &
o}F #7) g AL E Azdn.

o e AA2RY & ATl AW Sn-5%
Pb-1.5%Ag-x%Bi ¥FA€ ¥ 4& ¢4 ¥
9 180~200T Hol EAMEI, SIR2EWAE
sTUE d¢ F52 ¢ 4 AN wWekA of
FEAE 1€ $H9 34 R AL AH8she
del 2 727t gle Aoz wadt. -

3.3 Sn-5%Pb-1.6%Ag-x%Bi &a<

&0y

Fig 491 (@) 2 (b)+& Sn-5%Pb-1.5% A=
o714 BiE 1, 3, 5% 73 &= dstd 73
9] meniscus®¥ A & AL8-3te] A S e Hl &

& £4% A& Jebd Folx, Sn-37%Pbe]
Azet g4 vdehd Aol o|Ro2HE, Sn-
5%Pb-1.5%Age] FAZA2HL 0,22~0.31%0] 1,
Bi& 1, 3, 5% d7}5tel whebA AL AIF-E 0,17~
0.28% YA 0.15~0.23%% i Qo}AL
& 4 Atk Sn-37%Pbhe LA 0.21~0.
31%9) v =3P, BiE H2He Aol AEAke T
2 72 & 5 ok §3 Sn-5%Pb-1.5%Ag
g9 JARI &Y 0.45~0.54mNe] L, BiE
1~5%A7T8 TF9 HESHS 0.42~0.
55mNoZ A Zre W99 ¥ Yehlx
Atk Sn-37%Pbe] HThA-ZHL 0.46~0.54mN
0.2 o] ¥FAY AR Al & WA Az}
A 388 ¢ 5 Qo) oA ZHE Sn-5%Pb-
1L.5%Ag@dE 2@ 79 Big 1, 3, 5% 3713 §&
£ Sn-37%Pb3} v]@ElY DAL e ZF #,
QA& A 22 gL A= AL ¢ F
Ak, o] AL Sn-5%Pb-1.5%Ag8F 2 Sn-5%
Pb-1.5%Ag-(1-5%)Bi &9 <ugdAde Sn-
37% Po¥tE T A BE53 UL Yl

w2ts 3 2 SudASHANE 2a 7N
2 H A3 Sn-5%Pb-1.5%Ag- (1~5%) Bi &=
T Sn-37%Pb¥E e RAFS2E THeA o] ofF
2 Aoz dggdh

289



162

s o o
& 0 o

Woetting time (sec)

H
H
H
H
H

H
H
H
H
H

0 L : L L

3 5  SndoPb
Bi(wt%)

Fig. 4 Effect of the content of Bi on the wettability

in Sn-5%Pb-1. 5%Ag-x%Bi alloys
(a) Wetting times (b) Wetting force

R AT LS

Hw

3.4 Sn-5%Pb-1.5%Ag-x%Bi 83|
Dj M=%

Fig 5& Sn-5%Pb-1.5%Ag9] #8tdn3 z3
3 SEM%3 ¥ EDX¥A ZA#EZ vield Aojth,
BV ALY F22AL A FALA HyES
Boln, 23 #A4A s 9] A3 e B
T A =3 SRR AA R BEAN HFAFo
2 2ol EsA & uAg A4 £ 34
ol TYUSA £X&1 J&L ¢ + Uk SEMA
Ao x AZ EAIE 71 Snwte] #=27t ey
I, B2 EAE A& Pbe] F3st o} mA9L,
Sne] A7} o}F F3lA Yehtm, CE EAE
42 Agdt Snel ¥37 el a Qo). o] Az
FH FAGRY AAR EAste AL F F2HF

o

Fig. 5 Optical microstructures and SEM structure of
Sn-5%Pb-1.5%Ag alloy and results of EDX
analysis for each phases

has T
® Sn
o . a Pb
* AgiSn
L]
00
000
.
L .A ° o °
[ ]
' M gte 1 A‘ n ol l %
0 pey 40 DO 60 %08 o 000
Fig. 6 Result of XRD analysis in Sn-5%Pb-1.5%Ag-x%Bi alloys
290 Journal of KWS, Vol. 16, No. 3, June, 1998



APb Sn-5%Pb-1. 5%Ag-x%Bi7l €0 &3 54 #¢ 4T 163

24, 3h}E Pbrich eldoli, E 3tE Ag/Sn
9] B4/ EY Aoz dhArh

Fig 6& XRDEA A3E el Zeolo. o] Z
F2HE 7|AE Sn dFe=z Hol 31, SEM
ZA A9 BE BAIE A& Pbrich o, CE EA
®H 89389 A3 FE£73FES Ag3Sn(ed)
Yol & 4 Utk

58I

Fig. 7 Optical microstructures of Sn-5%Pb-1.5%
Ag-x% Bi alloys

KBIAHREEE 5164 £35, 19984 68

Fig 72 Sn-5%Pb-1.5%Agl Bi& 1, 3, 5%2
A7 e 2o Fetan A 22 ek Aolth
Z22AL Sn-5%Pb-1.5%Ag% H|=E A X
AAolx, Big Al @& JE9 F7], ¥ %
Bxo Wizs 9483 1Ed 4 gl Aol §Aol
t}, Fig 8& FAZY AAN EAs:= =S A
A3 @3ty 98k, Sn-5%Pb-1.5%Ag-5%Bi
F3E Ao s SEM2A 3 2+ 4E& EDXE 4
BEREAF A0S vehd Aotk SEMZF A A
2 FAE 71A & Snte] EAsn, BE AR
AL Phe} Big o]EojA glom, CE EAE
7 AFGee] AL Ags) Sno 2 o]Folx &S
& 4= vk EDSAEEY A7 veid 7t AES
5A3t7] 95t XRDEAE Aslych Fig 9ol 2
ADE Uehd, oAz HE AR EAIE 71A
£ fSn, BE EAIE A4y 4L FEURFER
Pb7Bi3, C2 HAIE 42 Ag3Sn SEUSHFER
ZRAHYAY. B3 BVl 3%AHE=E A7LE 34
£ Pb7Bi3Ae] el ga, diiled PbE J&
51, 5%0|4 AvlEojok PHB3E AEHE A
o] £4 OIE}C.{;rrJraw Bi¢l o] 7t whetA
B£8R Aol 7oy, Fo] FreH
HuaA 7|4 Jdo] Aste Ao d4Hr).

3.5 Sn-5%Pb-1.5%Ag-x%Bi &&2|
7| AL

Fig 10 2 Fig 112 Sn-5%Pb-1.5%Ag & 47|

ABxY 13, 508

* epsoty

Fig. 8 SEM structure of Sn-5%Pb-1.5%Ag-x% Bi
alloys and results of EDX analysis for each
phases

291



164

TR FEEAAE- AW

Sn-5Pb-1.5Ag-5Bi ¢ Sn
n A Pb
20000 ufi o s Pbh;Bly
)J\l_/ ~~ AR A ~ A + AgiSn
Sn-5Pb-1.5Ag~-3BI
o k
S J’JL AA A.J A .k ,..1\. A k Y
=T k Sn-5Pb-1.5Ag-1Bi
_AML AA A }L u A L A
5000 -
¢ Sn-5Pb-1.5Ag
. W as o a b a2 ? ) e
20 000 40 000 60.000 80 000
Fig. 9 Result of XRD analysis in Sn-5%Pb-1.5%Ag-x%Bi alloys
30 70
1
sl E 1] 4 i
s H
% 4 sof 0"
% 20} .
5 > 1
B
k] 40}t J—
£ — .
§ 15 -
> 4ol I—
ol Sn3'7Pb g
* e 30F
L i B % [
5 [ L L L
0o 1 2 3 4 5 6 7 g’ 20 i 1 —_
Bi(wt%) w 10F -
Fig. 10 Effect of the content of Bi on the microhardness r
o I ) L 'l a2
o Bi& 1, 3, 5% 871 #39 A=y € AFA 0 1 3 § Sn37Pb
Ag¢ YehRn, SAlo) Sn-37%Pbe) A3 vlwE Bi (wt)

Aolth. Sn-5%Pb-1.5Ag% [FS BEFS
14Hvel 3, Sn-37%Pbe] A=k oF 2w 7p7t+
#e e ¥4 Big) ol FUig vt A=
ztol ¥ F7tete Aol Uk oA AxAS
< AgZt A7E 9 Sn3} wtgEte] F&73 B0
A7) gBoln], Bi §7F S/l GE A=
AsEE B9 878 % Aoz Y4
t}, E£§ Bi Fo] F7IEAE A 2400] ZA W&

292
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Fig. 12 Effect of the content of Bi on the tensile

properties in Sn-2% Ag-x% Bi solder alloys
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