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Abstract
The influences of microstructure on the creep properties of Sn-37Pb, Sn-3.5Ag, Sn-3.0Ag-0.5Cu

and Sn-5.0Sb solders were investigated using nano-indentation tests and tensile creep tests for fine

wire solders. The nano-indentation tests enabled us to measure the indentation creep properties of

each phase. For the Sn-37Pb solder, the creep deformation properties were uniform for both Sn-rich
and Pb-rich phases. For the Sn-3.5Ag, Sn-3.0Ag-0.5Cu, and Sn-5.0Sb solders, creep deformations oc-
curred only the Sn-rich phase. Tensile creep experiments were carried out using a specially de-

signed creep testing machine for fine wire solders with diameters of 0.3, 0.5 and 1.0mm. The creep

properties of fine wire solders were dependent on grain size of the microstructure.
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Table 1. Chemical compositions of Sn—Pb and lead-free solders (mass %)

Solder Ag Sh Cu Bi Zn Fe Pb Sn
Sn-37Pb — 0.075 — 0.01 0.0003 — 37.13 bal.
Sn-3.5Ag 3.54 0.015 — 0.01 0.0001 0.002 0.01 bal.
Sn-3.0Ag-0.5Cu 3.08 0.005 0.5 — 0.0002 0.002 0.03 bal.
Sn-5Sh — 5.36 — 0.01 0.0002 0.002 0.03 bal.
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Table 2. Electrolytic polishing condition for Sn—Pb and
lead-free solders

Material Voltage Time Temperature
V) () K
Sn-37Pb 23 3 973
Sn-3.5Ag 20 3 973
Sn-3.0Ag-0.5Cu 20 3 273
Sn—5.0Sb 10 3 973

(b)Sn-3.5A¢

Microstructures of cast solders
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Fig. 2 AFM image of indentation on microstructure
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Fig. 3 Microscopic F-h curves of solders



(b)Sn-3.0Ag-0.5Cu

Fig. 5

Indentation creep and predicted tensile creep characteristics of solders
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Fig. 6 Microstructures of wire solders

32 00000000 O0ODODOOO

321 HEBA B L ORI

MBRRA & LT, Sn-37Pb B & U Sn-3.5Ag IFE £ 1.0,
0.5mmiZ, Sn-3.0Ag—0.5Cu$ & U Sn—5.0Sb (T E. % 1.0, 0.5,
0.3mm TG ST & » TR MR IZAZEH O
720 MR ENLD 72D OBMHIRE 3$EE T A DY &

166 00000000 OOO0OO0O0OVoL9 No.3 (2006)

FLThO, BOIREHEIX 1hr, 10hr 8 £ U 48hr & L7z,
HIFR 3 A 7E D HIFR G H % Fig. 6 1239, HAISHIFR XA
PEAEWREARBIE DAL, izt X2 ) —#K
(~#2000) PS5 KON T RS % J U 7o 8%, RENZEMRLT v
FUTERMLIZEDTH %, MG EILFig 6(), (b), (), (d)
DEZ0S5mm, BULEEFFE] 1hr ® & D, Fig. 6(e), (f), (2), (h)



MEAL05mm, B 48hr © & @, Fig. 6(i), () D3HEEE
0.3mm, ZVLERIF1hr O D TH %, Mk FEMAE R T
A% &, Sn-37Pb, Sn-3.5Ag, Sn—3.0Ag—0.5Cu D HLE 1Z AR
WIMT.Lc 20 BAEZITED, HEMERIRT M
&3> T B, Sn-37Pb IXTBARICHIR DMK IZ/E > TR
D, afHBXVPHEBITKIRTEMAEL T3, B0
AT EICLD, HANOHMKRKENED SN 5,
Sn-3.5Ag B £ U'Sn-3.0Ag—05Cu iFWFh bk TR 5N
72EHBT U RIA4 FoIITEIZEZI T, Sn-35Ag Tl
BFHDE SR D 11z Ag,Sn 2%, Sn-3.0Ag-0.5Cu Tl BHHD
FERL O HIZ Ag,Sn 8 X U CuSn; MISEL T B EHEZ S
N5, i, BIMAEKT I EICX3HELELIEIR SN
1Ip o 7oA, EEN0.3mm DEEN TR, SR OIS T
HEAHERE & N tc, Sn—5.0Sb (385 & 1312 B O fHL%k %
RLUTWB, Sn-5.0Sh iZ BT &EILELIT X 25 Sk
KAb, X OEEH0.3mm OEEHT BT OHS Sk O G
LSRR T & 7o,

M EALD 7 ) — 7B, Fig 7ISRTAPES
THEUWE U 7o iR 5 IR B EE 2 0 729, B T dH 2
BIZATZIE, V=T HA RO FIcEiE Lz di oz
WofFirohThy, BRIFERET S LIk ERY
LToRBRAEREIZL TS, R O—uiE T 37kEC
Wofhshiz@fEe— FeIVICEES N, fiE 2T v
TE— 5 TEMELSZ B ESHARICHEE SN TV 5, Wit
ODHETHBAF - NI Y—To2EBNATED, A
WA CEMENFET 2 EL->T 5, o—F
VO ITFZAD I N=5EHLUTPCIZESN, AT v
TE— 5 DERENT T 4 — NNy 7 30, EAEBEKF OB
RKEPOETA N AT THEZPCIZIDIAS, [—mEE
BT { HIEQ g OFHTHIE U7z,

322 FEBRAER

70 = THRTH SN AWIES 6, EARDT A e, @
BN SRD BT A e LPLDMHE M SRDIZEHD
I A & LHEH + O BAfR D Bl % Fig. 8 1IZ/” 9, Fig. 813
B EEED 1.0mm D Sn-35Ag it LT, o,=12MPa Tif
BatT - ek THh 5, MKk 327 ) — 7z bs

Dyn?, ic strain
amplifier

D/A

Camera
Load cell Furnace Convert
\ - Steé)
— otor
I ! A ire
al
»

| Guide— Spetimen |
! 1050 !

180
|

Fig. 7 Creep testing machine for fine wire solders
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