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Abstract: In this study, the mechanical and electrical properties of three different ball grid array (BGA)
solder joints, consisting of Sn-37Pb, Sn-3.5Ag and Sn-3.5Ag-0.75Cu (all wt.%), with organic solderability
preservative (OSP)-finished Cu pads were investigated as a function of reflow number. Based on scanning
electron microscopy (SEM) analysis results, a continuous CugSns intermetallic compound (IMC) layer was
formed at the solder/substrate interface, which grew with increasing reflow number. The ball shear testing
results showed that the shear force peaked after 3 reflows (in case of Sn-Ag solder, 4 reflows), and then
decreased with increasing reflow number. The electrical property of the joint gradually decreased with
increasing reflow number.

Keywords: Ball grid array (BGA), ball shear test, interfacial reaction, intermetallic compound (IMC),
Sn-37Pb, Sn-3.5Ag, Sn-3.5Ag-0.75Cu, Pb-free (lead-free) solder, organic solderability preservative (OSP)
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Fig. 1. Temperature profile used in this study.
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Fig. 2. Cross-sectional SEM micrographs of the solder/substrate interface after 1 reflow (a,c.e) and 10 reflows (b,d,f):
Sn-37Pb (a,b), Sn-3.5Ag (¢,d) and Sn-3.5Ag-0.75Cu (e,1).
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Fig. 3. IMC thickness formed at the solder/substrate inter-
face of Sn-37Pb, Sn-3.5Ag and Sn-3.5Ag-0.75Cu
solder joints on OSP-finished BGA substrate with
increasing reflow number.
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Fig. 4. Cross-sectional SEM micrographs of Sn-37Pb (), Sn-3.5Ag (b) and Sn-3.5Ag-0.75Cu (c) solder balls after 10
reflows on the OSP-finished Cu BGA substrate.

ulolAZ2 A2 4 A7) Q83 A] A 148 #435 (2007)

A&7} wgk
o] Sn-Ag 3H=7 £ 71 Sn-Pb ¥7 £ EY
TALE9) Sno| FEFol B UYL, Sn-Ag ST R
t} Sn-Ag-Cu €0 9] §4o] ¥ W7 o= &
GE T Cu-Sn o] 9 A el xe] uf=2d, 255°Co|
A £8%E Sn ol oF  wt%e] Cut 832
Ath AL Aol w2, o] 9} 22 SnAl £H ¢
=2 Cu g3z siA, 713 e 5735
g Z9 Cue JEES TN ASHLE &9 W
2 g5, P EZS AF7t S g &
4 W cud 35 F7H8S 2AthY Sn-Ag-
Cu 49 3¢ £ TTH Cuz 93ty o]y
g g8 Fo] AU Wi, SE03NFE F
o] A% &7t /M wEE A2 A

a9 4 4 U 108 HFEES F, &0 E
o] ©H-g #2AS SEM ARzlo|th &1 Aol #
Aglol, €0 E Yole 34 BT ol
CuSns & 7031 EE #2AH T o= &2
$- ol EHE WZE &8E Cut ¥ Tl L&
T Ao i AEEHAS AoE AlsdE T
Pb-Sn o] A JEl =l wh2H, Sn-Pb H=9 ¥
A 24 L Sn-38.1 wt.% Pbo|th9 312 1k, CusSns
FE7HEE FA o) WE Snol ARZ 25y,
Sn-rich °} 24 £1¢] Sn-37Pb £E &2 10 3] ¥
Z 2% % Pbrich 334 A2 WA
Sn-Ag-Cu €1 ¢] 7% Sn-Ag £UiE T ¢ HA| g
%4 Sn-rich A°] AH A ol &% Cu F
712 23 vmAg 2348 7H < doe JFAE
d XS BH?

3.2. oM 2
A% A A F2E 713 kg Zoluh Ao
A EAEE, ole &1 FER J1AH 54

25 im



BGA &0 H3HF2) 71454717 B4l miXe JEES I59] &3 75

VEFS 7127 Dok webd w3 mE Bae B
AR AP Al Fa3 Hrt NEoes 848 5
At 28 5= PE29 A5 FUlo B2 Sn-Ag
BGA &0 HeH9 A¢ A1g Fo 9 #1
& SEM AL S B En), 2|29 31571 43) o]
&t A-folle £ oA 93 7F i ele aA
47} FFEHY o, o) F 2 ZES 57} F7)
gtoll whet A2} FE23E Fol A 527} 2
sz A F o) W o) M Zralant.

33. ¥y 2z

a8 62 €U A AEF2 S Fo e
At FEof WM3tg B Eh Sn-Pbe} Sn-Ag-Cu
S0 9 A9 33 Y2 T} e AR F
= YU, o] F B E2 ¢ 357} Z713 )
e} A} A Etg o, Sn-Ag U9 A B E
o] A5 43 HEZS T 7 U9 27]
2% 37t S5 wet £H B )1AH &
o] FFH olfr, AEES 3T} 2713
2 &8 WE f49E Cugl Fo) F7et 7] o)
oll, CugSns®] F2] Z7tel W A& A3l 53
of &1 2102 ALY Sn-Pb, Sn-Ag, Sn-Ag-
Cu €99 3 = 2k 27H 105 N, 117 N,
123 No| 2t} Sn-Ag-(Cu) €119} 2% Ag,Sne)
& 78t a7l oA Sn-Pb &1 thE] B& 7}

02

Eoox M b

13

-m—8n-Pbh
—A—Sn-Ag
°
— ——
12 o—* ®—Sn-Ag-Cu
= A
3 o\
[
2 1 A/A Te— 0o
L A e
b
[
2 .ﬂﬂ./ \.\.\ \A\A‘ \
» 10} [
—a
—a g

1 2 3 4 5 6 7 8 9 10
Reflow number

Fig. 6. Shear force variations of the Sn-37Pb, Sn-3.5Ag
and Sn-3.5Ag-0.75Cu solder joints on the OSP-
finished Cu BGA substrate with increasing reflow
number.
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