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Abstract

The adoption of Pb-free solders in lieu of Pb solders is
an inevitable trend in the electronics industry. This study
sums up the failure modes to which the ball grid array
packaging process is susceptible when various Pb-free
solders, such as Sn-3.5Ag, Sn-0.9Cu, Sn-58Bi, Sn-51In,
Sn-20In-0.8Cu, Sn-20In-2.8Ag, Sn-4Ag-0.5Cu, Sn-3Ag-
0.5Cu and Sn-4Ag-5Cu, are employed. Examples of

potential failure modes include: intermetallic embrittlement,

gold embrittlement, void formation, Ags;Sn plate formation,
pad lifting, Sn-Bi joint degradation caused by Pb
contamination, fatigue-induced ductile/brittle transition, Ag
thick film dissolution, and non-wetting due to precipitation.

Keywords: electronic packaging, lead-free solders, BGA
package, failure analysis.
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Fig. 1 Geometry of BGA speciments used in this
study
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Fig. 2 Sn-20In-0.8Cu solder joint in BGA pack-

aging after aging at 115°C for 1,000 hours, (a)
morphology of the intermetallic compounds;
(b) fractography after ball shear test
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Fig. 3 Morphology of the Sn-0.9Cu solder joint of
the BGA package after (a) reflow; (b) aging
at 150°C for 300 hours
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Fig. 4 Sn-20In-2.8Ag solder joint in BGA packaging after aging at 100°C for 700 hours: (a) morphology of
the intermetallic compounds and cracks; (b) fractography after ball shear tests

(a) 100h (b) 300h

100 pm

(c) 500h (d) 700h

() 1000h

5 Sn-20In-2.8Ag $2EFERIRFETIIBEEIE 150°C AN E ISR IF 1 2 SLE R AR IR IS 2215
Fig. 5 Voids formation for Sn-201n-2.8Ag solder joint in BGA packaging after aging at 150: (a) 100 h;
(b) 300 h; (d) 500 h; (d) 700 h; (e) 1,000 h



AESREE - IRTHRE - B0 - £ - SRR TEERAR T A T 2 PR 105

3.4 #RIRAg:SNITEBAZM

ik Sn-Ag-Cu R &2 B B A R e iR
HIEESR SRS - HIAELRITE 216 ~ 218°C Z[H » EA R
FFHRSIIEE - BB G RAF IR -

— MW > Sn-Ag-Cu$f #5 P9 51 Er B 25 FE KR
AgsSNT T B - F BB AT IR RUE > IR TAT
FEESF G — B3 5 Sn-4Ag-0.5C Ul BR A% [ 1] i £ S0 55
%0 BER BN & AR R BGIR U AGsSN 428 [16] ([
6(a) FIE 6(b)) - TRABEMIEIRER: 253t B dhe - 2
L S Aga SN BB B8 £5 FE BT D LI ¢ BEAT > Refig
R AgaSN Tt <8 JB (17 TE TR € 1 BRI B I e
i R R R A o

15 57— B 73 5 Sn-3Ag-0.5C Ul HE 74 £5 5 Bk 14 ek 471
8 25 300 $5 1 7 < LR BT 89 BR A9 50 St A 8 2 AR
ARAgsSN7T 418 (Il 6(c) FIIE 6(d)) » FHILEE R #EH
SR A S AGE BIKF 3wt - LUINIEE EHIIR
IRAgaSNA B -

35 =RFPNIFEEIEE

HhiSn-3 5Ag & @ fHE B Ar SR 7 5% -
HIA2 P B AgsSnATT AR IR AL T - LR 85 B A 1R
(R B0 T BT 1 - 221°CHY R B N3l 2
It & AU BT Sn-37Ph £7 $7 (I FRLIEE - SR R~
TEBRISHETIRESERMERT - > Sn-3.5AgHRIEA R 5 H

i

fl SR SEEH « ATUESN-0.9CUSTSAER R HZI HEHE T 4: fife
i B SR R Bk A 4 {ESn-3.5Ag & [17] (1B 7) - Rifik
Sn-4Ag-0.5CuffJ A BRIRR AgsSn o< 8 i SR th 77 1 >
Sn-3.5AgERIS[EH 5K 4E [17] ([ 8) » 1M i ¥ AgsSn
MRIR A < 8 [ I L BTE 9 Bk B 8 B L e ([
9(a)) > BN R& B B BT RE A th 1 37 A [ dal 2 ok % 2
8 (8] 9(b)) » FoAG o2 G B R A BRI 38 1 57 # K it
(I8 9(c)) > $AERBEELHR IR 8.ONKMREEEZE 2.9N [17]°

3.6 FRERERIERY Sn-Bi IRIHIERLIL

i Sn-58Bi $7# A RATHIR IR S BB 27
M HIAERR 138°C » [EIMEEE > BHE A B IIK
BIEEREES - (LR TEE F A T2 A\ N7 # R
RT3 B fi S T T BB R R PR = 8 »
B E R — HIB A Sn-Bi SRR - IR =T
B HH (Bi-30Pb-8Sn) » Ik = JT7 4 8 FH AU A 26 14
By 97°C » 1Eff I L& B B4 1E - 18 10 &
Sn-58Bi RN [HEH & &2 DSC 7 MifE R » £ 97°C
TFIEE — BN - BTt Bi-30Pb-8Sn (K 114 & fH
(AR B HE - BEE 80 & BAOEE S - IR BNEIE K - B
7RIE =T Bi-30Pb-8Sn 1145 & 1) 4 Al = FEE 8h & & 11

@

6 (a)> (b): Sn-4Ag-0.5Cu FFIZIRIZPEIIEIRTEF BRI BMRARAGSNITER ¢ () » (d) : LE#R Sn-3Ag-0.5Cu

IRHEILIRS

Fig. 6 (a), (b): Platelike AgsSn formation for Sn-20In-2.8Ag solder joint in BGA packaging after reflow;
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Fig. 7 Morphology of the Sn-3.5Ag solder joint of

the BGA package after aging at 175°C for
1,000 h
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Platelike AgsSn formation for Sn-3.5Ag
solder joint in BGA packaging after aging at
200°C for 300 h
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for Sn-3.5Ag solder joint in BGA packaging
after aging at 200°C; (b) Damage of the BT
substrate and solder for Sn-3.5Ag solder joint
of BGA package at 200°C for 1,000 h; (c)
Spalling of the solder pad for Sn-3.5Ag solder
joint of BGA package at 200°C for 1,000 h
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Fig. 10 DSC analysis of Sn-58Bi solder with various
Pb contents
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Fig. 11 Ball shear strengths of Sn-58Bi solder with
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Fig. 12 (a) Morphology of the In-48Sn solder joint of the BGA package after reflow; (b) Fractography of the
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In-49Sn solder joint of the BGA package after ball shear tests; (c) IN-49Sn solder joint in BGA
packaging showing brittle fracture after bending fatigue tests
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Fig. 13 (a) Cross-sectional image of Ag thick layer
on Al,O; substrate; (b) Cracks formation
for Ag thick layer with 1-49Sn solder
reaction at 275°C for 15 minutes
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Fig. 14 Morphology of two solder joints of the BGA
package after reflow
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Fig. 15 DSC analysis of two Sn-Ag-Cu solders
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