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Microstructure evolution of Sir Zn based lead free solder
joints aged in humid atmosphere at high temperature
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Abstract: The SirZn based lead free solder appears to be an attractive alternative with a melting temperature rela-
tively close to eutectic SwrPb. The addition of bismuth in SirZn alloy improves its wettability and aluminum is bene-
ficial to improve the oxidation resistance. The degradation of SirZn based solder joints after exposed in the tempera-
ture and humid atmosphere with high pressure was studied. Three kinds of SirZn system solders (Srr9Zn, Sn-8Zmr
3Bi and Sir7Zn-A1(30% 10" °)) were soldered on copper pad with a layer of Au/ Ni and the specimens were stored in
a pressure cooker for 96 or 192 h. The temperature and the relative humidity in the cooker were 120 C and 100%
respectively. The mechanical fatigue test was carried in a displacement-controlled mode to measure the low cycle fa-
tigue of the joints. The results show that Zn diffuses to the surface and interface while coarsening at the same time,
and the coarser Zn has weak interface with BSn matrix and oxides form. High temperature and high humidity expo-
sure decreases the mean life of SrZn solder joints when they are subjected to 120 'C and 100% relative humidity

with 2. 03 x 10° Pa pressure for 192 h.
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Table 1 Properties of solder alloys investigated

Liquid temperature/  Solid temperature/

M aterial

C €

Sir9Zn 199 199

Sir 8Zir 3Bi 197 187
Sir7Zmw- A1(30% 107 9) 210 199
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AN AP B 1(a) ~ (¢) TR B Sr9Zn, Sor
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1 Swr9Zn, Sn-8Zwr3Bi Al Sn-7Zn-0. 03A1
EER R TA T E N
Fig. 1 Microstructures of S-97n(a),
S-8Zn-3Bi(b) and Sn-7Zn-0. 03A1( ¢) alloys

T2 SnZn FEARE R DT AR A
Table 2 Fatigue lifetime for

St-Zn system solder joints

Low cycle fatigue lifetime/ cycle

M aterial
Before aging Aging 96h Aging 192 h
Sir 8Zir 3Bi 4183 1953 240
Sir7Zmwr A1(30% 107 %) 642 205 65

B2 Sn8Zmr3Bifi kL 120 C, 100% HD0HEZ
S I BOR 4 LCF (M R4
Fig. 2 Failures in solder joints of
Sn-87Zn-3Bi after 120 C, 100% relative humidity

aging in pressure cooker and LCF testing
(a) —aging 96 h; (b) —aging 192 h

3 Sw7Zm Al (30x 10 ) #F At EEZ 120 C,
10090 AH X5 53 He 3 I 3048 LCF Ja 1R A4
Fig.3 Failures in solder joints of Sr7ZmAl

(30% 10" %) after 120 'C, 100% relative humidity

aging in pressure cooker and LCF testing
(a) —aging 96 h; (b) —aging 192 h
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Distance/pm

4 Sn9Zn f& RAE 120 C, 100% HIXHESE,
2.03 % 10° Pa 44F NI 2% 96 h J5 [¥) SEM {441
EDS 37 #i il 7 73 A
Fig. 4 SEM image of Sn-9Zn solder after
exposure to 120 C, 100% relative humidity,
2.03 % 10° Pa condition for 96 h(a) and composition
distribution from EDS-test with line scanning
on cross section of Sn-9Zn solder joint(b)

0 10 20 30 40 50
Distance/um

5 Sw8Zm3Bi 7 120 C, 100% AHX IS,
2.03 % 10° Pa 41 R I 96 h J& (¥] SEM AN
EDS &394 (¥ 1 2> 73 A1
Fig. 5 SEM image of Sn-8Zn-3Bi solder joint after
exposure to 120 C, 100% relative humidity,
2.03 x 10’ Pa condition for 96 h(a) and
composition distribution from EDS-test with

line scanning on cross section of

Sn-8Zn-3Bi solder joint(b)
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£ 3 Sr9Zn EARFEL 120 C, 100% AHMEE,
2.03x 10° Pa %% 96 h J5 ¥ EDS £ 1445 B

Table 3 Result of EDS-test with line scanning on

Sn-9Zn solder joint after exposure in 120 C,
100% relative humidity, 2. 03 x 10’ Pa for 96 h

Area 1 in Fig. 4(a)

Area 2 in Fig. 4( a)

Element
w/! % x/ % w/! % x/ %
Sn 59. 28 45.70 72.04 60. 12
Zn 14. 38 20. 13 6.76 10. 25

K 5(a) T7~n A Se8Zne3Bi S RHE 120 C,
100% AH %53 FE 45 444 T I &% 96 h Ji5 Y S 718 5L 4 i
. B5(a) AR/ — L0 5 K] 4(a) SRR E &
Zn BRI 5(b)) o AL 5 A ih 2k ]
HI, Zn JGER M O JCR W& E AL R — fUik 21y,
MH Zn 5 0 W s @R Alm . o T E—3 45
TR o3 AT P RE RIS, X S Cu #2485 1
&b B S WREAT T 34T
Kl6(a) FT s b Cutt i L #Sn- 8Zn- 3Bi & ki
- : .

0 10 20 30
Distance/um

6 RIS AU T Srr8Zn-3Bi KL KL 5 LR A S 1)
SEM &A1 EDS £ 314l i1 i 43 A1
Fig. 6 SEM image of interface between
Si-8Zn-3Bi solder joint and copper pad
without aging(a) and composition distribution from

EDS-test with line scanning on cross section(b)

(RN %) A A 55 5 S AL ) SEM 1% . 8 7(a)
7Rk Swe 87 3Bi i 5 48 1 F SN AUS, A% A Y
JESR A AL SEM & . FTLLE H, B EERY)
NE Zn M. HAN, B 6(b) Fiasi) EDS 5is 23 A th
LR, FESERLY Cu SR BB Al i B IR A7 AE Zn T
FZIMELL . Duan PRI, K RIKIJE, Zn
JRF 1) Cu A AR 8O, W AR A EoR
AR IEAE .

M 7(a) TG, EERI oA 4 1 4 (A
WE Zn M, A4 120 °C, 100% AH i@ &,
2.03x10° Pa mE B E, £RE Zn KK
VR, FIRIER T Zo FIHTHAR R4 Zn &5
(AR AL AH B 1 75 | S A AL ) IR AR A X AW AL, AT B
VLIH S0 B A Zn S8 AL TE K .

(b)
Zn

W&.
WMU”WV‘MAMVM

1 SLE Y A 1
M/,mej\w 0
0 10 20 30 40 50
Distance/pm

7 Sw8Zm3Bi XL AE 120 C, 100% FHXHESE,
2.03x 107 Pa £ AF T3 96 h i3 (Y 41 SEM {5 A1
EDS £ 454 1) 1 7 0 A
Fig. 7 SEM image of interface between
Str8Zn3Bi solder joint and copper pad after
exposure to 120 C, 100% relative humidity,
2.03 x 10’ Pa condition for 96 h(a) and
composition distribution from
EDS-analysis with line scanning on

cross section between Sn8Zn-3Bi solder joint(b)
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----------- Zinc 1e
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0 5 10 15 20 25
Distance/um

B8 Sm8Zmw3Bifi & 120 C, 100% X1 E,
2.03x 10° Pa I 2% 96 h Jii [f) EDS £k 47148 ¥ i 53 43 Aii
Fig. 8 Composition distribution from EDS
analysis on line scanning of Sn-8Zn-3Bi
solder joint after exposure of 120 C,
100% relative humidity, 2.03 x 10’ Pa for 96 h
(a) —Line cross section of solder joint in Fig. 5;
(b} —Lie aeruss iferface hepween

solder joint and copper pad in Fig. 7

3 4t

T R R (I R4 2 W Sor Zn LG
R B A 2, iy BN RO T e ik Zn AH AT M
B Zn AR . E Zn MEEF IR LU K, FEAK
P AR D5 PERE . IR P s Zn AR B 1t T
O JUE MBI, AR RV U P AR B 1 45 &
73, MG FEARAR: R R ] SE 0

REFERENCES

[1] Mulugeta A, Guna S. Lead-free solders in microelec-
trinics[ J]. Materials Science and Engineering Review,
2000, 27: 95~ 141.

[2] Lin K L, Liu T P. High temperature oxidation of a
SnZim Al solder[ J]. Oxidation of Metals, 1998, 50:
2557 267.

[3] 0 Mg, H354, M fE. AFEEEX ThAL G4

Eritgeskan B L S OW A s )] . P E A6
@244, 2005, 15(1): 24~ 32.
HE Peng, FENG Jrcai, ZHOU Heng. Microstructure
and strength of brazed joints of Tiz Al base alloy with
different filler metals[ J]. The Chinese Journal of Non-
ferrous Metals, 2005, 15(1): 24~ 32.

[4] BRabBH, SRAEE, ML, 5. ALTLB A& &3

Mg Al aZnx o Mn 5 4 W Sl 4L SUNTE BE A 5 W[ T
o E A A4 B IR, 2005, 15(3): 478 ~ 484.
CHEN Jing-yang, GUAN Shao-kang, LIN Dumrwen,
et al. Effects of Al3TisB master alloy on microstruc
ture and properties of M g7 Alao.a Zn2o.2 Mn alloys[ J].
The Chinese Journal of Nonferrous Metals, 2005, 15
(3): 478 — 484.

[5] Shiue R K, Tsay L W, Lin C L, et al. The reliability
study of selected SrrZn based lead-free solder on Au/
Nt P/Cu substrate[ J].
2003, 43(3): 453 ~ 463.

[6] Akio H, Hiroto Y, EiichiI, et al. Joint Strength and

Microelectronics Reliability,

interfacial microstructure between Sn-Ag-Cu and Smr

Science and T ech-
nology of Advanced Materials, 2004, 5(1 ~2): 267 ~
276.

[7] Wang M C, YuS P, Chang T C, et al. Kinetics of in-

Zn-Bi solders and Cu substrate[ J].

termetallic compound formation at 91Smr8.55Zr
0.45A1 lead-free solder alloy/ Cu interface[ J]. Alloys
& Compounds, 2004, 381(1~2): 162~ 167.

[8] Chang T C, Hon M H, Wang M C. Intermetallic
compounds formed at the interface between Cu sub-

strate and an Sn-9Zn-0. 5A g lead-free solder[ J] . Mate-



016 & 7 W

IR, A5 il R EREE I RO Sor Zn BETCHTIE AU B s AL

* 1183 -

—
\O
—

[ 11]

rials Research Bulletin, 2003, 38(5): 909 ~916.
YuD Q, Xie H P, Wang L. Investigation of interfa-
cial microstructure and wetting property of newly de-
veloped SrZn-Cu solders with Cu substrate[ J]. Al-
loys & Compounds, 2004, 385(1~2): 119~ 125.
Lin K L, Liu P C, Song J] M. Wetting Interactions
between Pb-free SwrZn Series Solders and Cu, Ag
Substrates] A]. ECTC 04 Proceedings of Electronic
Components and Technology[ C]. IEEE, 2004. 1310
~1313.
Lee H T, Chen M H, Jao H M, et al. Influence of
interfacial intermetallic compound on fracture behav-
Materials Science and Engi-

134 — 141.

ior of solder joints[J].
neering A, 2003, 358(1~2):
Suganuma K. Low Temperature Lead-Free Soldering
JIEP Project (SnZnBi etc)[ A].

Proceedings of Inter-

national Conference on Lead Free Electronics “ To-

[ 14]

wards implementation of the RHS Directive” [ C].
Brussels, Belgium, 2003. 97 ~ 104.

Yuki F, Michael G P, Kota F, et al. Lead-Free Sold-
ering in the Japanese Electronics Industry[J]. IEEE
Transactions on Components and Packaging T echnol-
ogies, 2003, 26(3): 616~ 624.

Kim K S, Yang J M, Yu C H, et al. Analysis on in-
terfacial reactions between SmrZn solders and the Au/
Ni electrolytrplated Cu pad[ J]. Alloys & Com-
pounds, 2004, 379(1~2): 314~ 318.

Duan L L, YuD Q, Han S Q, et al. Microstructural
evolution of Sn9Zir3Bi solder/ Cu joint during long-
term aging at 170 C[ J].
2004, 381(1~2): 202 ~207.

Alloys & Compounds,

(e BFREE)



