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Measurement of mechanical properties of S Ag- Cu series
leadfree solder alloy by using micro-indentation
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Abstract: Sn-AgCu series alloy is considered as the lead-free alternative to lead-tin alloys. A new method was in-
troduced to measure the mechanical properties, i. e. modulus of elasticity and creep strain rate sensitivity by using
depth-sensing micro-indentation with the influence of loading rates on load —displacement ( F— h) relationship. The
resulting indentation F— h curves are loading-rate dependent and have varying creep penetration depths during the
same hold time. The derived modulus of elasticity values with Oliver- Pharr method from unloading curves are load-
ing rate-independent. The creep strain rate sensitivity can be determined from the relationship between the creep
hardness and creep strain rate by the definition of “work of indentation”. Also, micro-indentation tests on two Sir
3.5Ag0.75Cu and Sn-3. 0A g-0. 5Cu lead-free solder alloys show a slight influence of alloy composition on mechani-
cal properties for Sn-Ag-Cu series solder.

Key words: lead-free solder; micro-indentation; modulus of elasticity; creep strain rate sensitivity; SmrAg Cu se

ries

SnPb 47K} ( 4 5 & 63Sn37Pb), P B A 1% B R IR B ) fe 22, RS C W HE 2006 427 H 1 HLL
AR E S H RS R, RO HAT R FE BAERTF IR Py AR . Bk, B TR
BB Y EATEME . B2, BT Pb XA 63Sn37Pb L B4ATRI AR, IEEREB EIF R

© Wk H B 2004 - 11-08; &I H B 20050117
& i ERIL(19777), B, W-LaFsRE.
WIREE: ERIL; Hif: 0769-6713876-181; Frmail: wangfj@ hit. edu. cn



5% 15 &5 5 3]

FERIT, & WO EIRVENE S Ag Cu RIGEEPRI K ) 2t fg * 689 -

HWFR T VLR Pb TR, ZEEFTE S
Ag, Sn-Cu, StBi, Sn-Zn %57 il = o) Sn JE4F
BTN . IR B AR, BEFTOG Pb TR H A R 2
] B R A — R AL, E T E ORI T AET R
FERE IR ME AR M LR SR AT SEME AR H AR 58
63Sn37Pb FTEHHLL . BETRHIHLAPERETT 5, —
FECR FARAE R ARG AR IR, 0T VF 2 Fh 2K 1) Jo
ETRHR IR AE 24 B I 2R AR . Rt A EERE 4
HH — e ] A6 119 D7 Vo W B OB BT R ) S R R

TR IR I A A e bk i) @SR AL T AT RE . AR
— MR R PEI AR ) S R T B, IR
SEE S H N O AT AR P R R SE
05 S8 AN S N VR FE I BN OC R, AR AR} B
PR L R ) R R A Fe A | AR, B
S SR R R R RN S B0 RS BE 4 v, AT AT
PATE TSR AR 2 IR FEAT RS 4 A Js IR S 30 k9 ( R
TR IRAN G OK s JR) BLSRAST =5 2 1 AR BEFE 45
PR, H IR SEB AR RO TR ) 2 Pt Re R 4t T
— MM TF B .

[FF, ESEATETRE ST SE PR o, ST R
AR AR R AE A 5 U RPN 3077 A 2R GURI B 28 AR )
RAJREHET, Fitk, THEF R A D) 2= a4
SPENURE BAVE (IR AR) PRS2, W o B AT R s SR
RN AL HE Hs IR IR AR T AR o DU IR BRI A2 o i 4 2
HIFEARE N B AL (F- h) #iZk, TR
Wk m T 9 R, OliverPharr J7 A8 it 43 47
A ZE W 4R B 23 i AR SR AR R, A5 3
T T HRAE 5 PR IR AR AR S 56 J . F— h
it 273 A7 I8 A AR B0 RR #E,  H AT Hs TR 22 S 5
Tk FEAEEAE | E i EoE FvE | fE
Bk HarisY, FFHEE F- b &0 Hr 18 3
MG AR VERES BB R A & 777 . TR
R A 1 RE IR AR T AH DG, A SCAE# 7R 4T RHE IR
bR b R AN IR B0 A8 2 2 [ e AT, SR AR A
TE BAE BT IR JRIG A 7 A, EVEInBos % - fH3
ARG &, AT N EOE R0 B IR AR B 52, JF 2
TR IR AR A L) IR S 4 tHIE AT ET R i AR PR RE S

o
1 =55

L1 A

SEa6 1k F T R R B R 23 B G Y AT BE: Soe
3.5Ag0.75Cu %z Sn-3. 0Ag-0. 5Cu . S A g-Cu JCHF
FRARII T HE GRS R(217~ 221 C) \ BRI

RRTARPERE D0 B PR AR 1 RE o B A AT RE BN B
A% 4t 63Sn37Pb PRI FRHETC AT RIS HZ,
HATA SrAg-Cu RICHET BHL & B ie 7 4
W AR PTIE BRI PR Sr A g Cu RHET RS
BRI EAETT g EARR TR RN . Bk £
Fl SmAgCu REMERHIEE T HATHEEE LS
A), WAENST A 20 mm X 20 mm X 12 mm . {5 IR
P HT O ETRLEAT HLBRIU G « 3% AR RRPRS & ok 2~

3 s R PR UE LA X BR R A UARAR B 2 B S AL L .

1.2 KSR

SEI0 BT IR HA Akashi 28] B MZT —
48 gkl RO B sl AL, s SkeR & NA
Berkovich [E7F .

BB RLE S AL AR RRE, ST T IR
RS AR . MR FE Y, B 58 Berkovich KT LA
10 nm/ s [P P B A o IR R THD, AR 5 IR 4 i 3
BB DUE B BN E0E R AR, B 21A T
SER KT Fu; FEBCKNEAT Fu FRFE S s LT
IEAR: EIAR, EVEAIN 1s.

RlE &R TIES MR, B 1 iRl S
3. 0A g 0. SCu LHYET BHIAR AT S i i WA 2R, 1K
R T BT R B B B-Sn AHZE R R
3L AR AR, 1AL AR TE = A B A TR
HiE B B-Sn AHANZH 44K 1 4 TR1 AL & 90 A 28 4 4y
A, X SEATH R X L4 &8 [ AL A /2 CueSns
AT AgsSn . BT AHI R K /INE BIBOKR B R ),
FE IR IR I 24 B KA A SR FH 4K B i) S 4T
B AR AT R IRMAR, R e A He R SE 36 R F K
BT, BOREAT Fu A 500 mN, B0 IR S2I60F BI4T
KHRE AR 2R AT 38 B, m B ESHEER
Uf . 25 R RET LA 4 1R AR AR T AR CRFAE, N
WA RN 0.25, 0.5, 1, 2, 5, 10, 20, 50 X
100 mN/s .

2 = R

TETETRH 22 M RE AL 5 T 3 ARG 28 0 (4%
), AHRARAA

E= &+ & = EO+ Ao (1)

R e RBNAER, e TR R, el
IFAZ AT R E QSRR 0 O i AR N 7 U
G A AMELEEG o R 0 kR AR Ak



* 690 * o [E 0 4R 2 i

2005 5 H

1 Si3.0Ag0.5Cu LHEF R BIMALR
Fig.1 Microstructures of Sn-3. 0Ag-0. 5Cu

lead-free solder with different magnifications
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