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Evaluation of Mechanical Properties and
Nano-Structure Analysis of Au-20Sn and Au-12Ge Solders
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Au alloys have great potentialities as solder joints of electronic packaging. However, studies on mechanical prop-
erties of Au solders, especially on creep properties, are very limited. Mechanical properties of Au-20Sn and Au-12Ge
were measured by indentation tests ranging between nano and macro scales. First, macro indentation creep tests
were carried out at various temperatures, i.e. 295K, 323K, 373K, 398K and 423K. It was found that the indentation
creep deformation was observed at room temperature for Au-20Sn, while above 373K for Au-12Ge. Second, the indentation
creep properties were measured for {and & phases of Au-20Sn using a nano-indentation testing machine in order to
investigate the influences of microstructure on the creep properties. Finally, we evaluated anisotropy of textured
microstructure of Au-12Ge, where the dent shapes were distorted. This behavior was attributed to the three dimensional
configurations, namely pile-up and sink-in. Based on the results of nano-indentation tests, numerical model for the
microstructure of Au-12Ge was established and the mechanisms of the pile-up and sink-in were discussed.
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Fig. 1 Microstructures of Cu mold specimens, showing Au-20Sn (a), grained structure of Au-12Ge (b) and

textured structure of Au-12Ge (c).
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Fig. 2 Variations of ¢ with o; for different temperatures
for Au-20Sn (a) and Au-12Ge (b).
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Fig. 3 Variations of creep properties with temperature.
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Table 1 Indentation creep properties and hardness, HM.

Material T TIT C; m; HM
K - (MPa)"/s - N/mm’
295 053 33x107° 276 1462
Au20Sn 323 058 4.1x10°7 173 1274
373 0.68  24x107' 97 763
423 077 43x10'® 56 385
295 047 - - 898
323 051 - . 888
(AGlialliSC; 373 059 33x1072 232 919
398 063  94x10°° 165 933
423 067  40x10%° 129 704
295 047 - - 1011
323 051 . - 992
(?g;zfgz) 373 059 12x10° 181 1027
398 0.63 24x10% 133 953
423 0.67  1.0x10°" 9.8 709

0.00318nm/uN 2GR ER S 1E Fruax = 500uN, |dF/df] =
10uN/s, t=100s & L7=.

SPH-1 ® AFM #8112 & > THIR S h = EIROH %
Fig. 4 1TR87. MO SHOHEL KL T, JHE
SN E L B O IR ORI A FTRE T
b5, kEE» 686Nz F-h thi#i % Fig. 518, (W)
paE CRHO F-h fiIEIE—8 L CE 0, kDR
PERLTOS, —F, SHIZWET, 7V —-7%8)%
RLTWE, ZOZENDE, Au-20Sn BERIRTr ) —F
BB ERITHA, SHICEENE L, CHITZETKN
ZhBEEZOND.

5 F/LANIVOBEBMEE (Au-12Ge)

5-1 ERFBRORAM

Au-12Ge OMEFERAIRIZ o Tid, IR IZ =51k
PR NIz, Fra=49N, t,=10s 33X T=295K &
U Ol X GBR % 47 7% - 7= B O IR % Fig. 6 (2R,
X (a) DRARMIRO IR IE ST TH 25, X (b) DAk
MERMER O IR L, MiEORT A & 0 & ER A 5]
XML XN TS, Fig. 71T &1, HIED 6 7
FERL, AR do #HIE L. 0=~ 05KV 90°
OWIERER % Fig. 8189, RORMARO T it &
& dgrained BOFRL L7z, & doo td do KNS MK Z
Wik 5 TER D, MRHERKR - K AR AR O Z &
nbrs.

2O & BRIFIRIRO B, MR OMPATE R
CHEE LT, FEOHMIZOAMBRIORD EAD
USALT 7)) FFAAR (Vo4 Y) BPELS

ISERTSEELENS. 22T, L—¥—T v oM

A

Indent
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Fig. 5 F-h curves for each phase of Au-20Sn.
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Fig. 6 Micrographs of dents on grained structure (a)
and textured structure (b) of Au-12Ge.
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Fig. 8 Diagonal sizes of dents for Au-12Ge showing
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Fig. 9 Hight of indented specimen surface near the
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Fig. 10 Sectional appearances obtained by FEM
simulations for materials with various plastic
properties of strain hardening exponent, # (a), and
plastic coefficient, A (b).
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Fig. 11 FEM micro-scale model for textured microstructure
of Au-12Ge, showing the overall appearance (a) and
the unit cell model (b).
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Fig. 12 F-h curves of nano-indentation tests using
indenters with the tip angles of 115deg. (a) and
100deg. (b).
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Table 2 Mechanical properties of Au and Ge phases of
Au-12Ge solder used for FEM micro-scale model.

oy E A n
MPa GPa MPa
Au phase 239 78 743 0.196
Ge phase - 103 - -
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