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Abstract: The drop impact reliability comes to be important for evaluation of the life time of mobile electronic products
such as cellular phone. The drop impact reliability of solder joint is generally affected by the kinds of pad and reflow
number, therefore, the reliability evaluation is needed. Drop impact test proposed by JEDEC has been used as a standard
method, however, which requires high cost and long time. The drop impact reliability can be indirectly evaluated by using
high speed shear test of solder joints. Solder joints formed on 3 kinds of surface finishes OSP (Organic Solderability
Preservation), ENIG (Electroless Nickel Immersion Gold) and ENEPIG (Electroless Nickel Electroless Palladium
Immersion Gold) was investigated. The shear strength was analysed with the morphology change of intermetallic
compound (IMC) layer according to reflow number. The layer thickness of IMC was increased with the increase of reflow
number, which resulted in the decrease of the high speed shear strength and impact energy. The order of the high speed

shear strength and impact energy was ENEPIG > ENIG > OSP after the 1st reflow, and ENEPIG > OSP > ENIG after
8th reflow.
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Fig. 1. A schematic view for high speed shear test and BGA ball

array.
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Fig. 2. Schematic illustrations of surface finish.
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Table. 1. Experiment condition of high speed shear test

Shear speed Test load Shear height

1000 mmy/s 500 g 45 pm

FE 13, 28], 48], 63], 83| = B EZF-E HAISATH
AL A AHEE £ B9 242 Sn-3.0Ag-0.5Cu°]
W, X &-2 450 pmo| o}, 3 S =722 = SMD(Solder
Mask Defined)S 483110t BGA Al H ] 342 Fig.
13} 2o A7) 15x15 mmeo| th.

}\]‘6‘4?14 ;(-]]ZLQ Ol & ﬁ‘:]ﬂ E—QJ ag _C'L}_Z—q___s_ “RSD
0015 F-ALET B Fslodd o D77 2 150~180
CE o, A VAL 245Col A 427 FA
3t A ES YTk HEFES-E Yl A A= 5
& J3Z92 o] KOKI KTM KT 2502 A3l th, B3k
Algol -8 B AP %%t OSP, ENIG, ENEPIG
olm, 7k UA o W& Fig. 20 &4 #o=w
VER Tt

TEAFS 93 A FH-LE Fig. 134 722o] PCBY €4
Bo] A Mjd & 12k FE & AN, A 21
& JESD22B-117 ¥ JESD22B-117A #4& 7|22 3§}

AN 2748 93dth £ Ao 2E5-0T AES ¢
3 Al 2744 Table 19 YERAATEY &2 A
A8 AHg-3 H1= DAGE-4000HS =498 AH8-3H31
™

[o ru[o f

[ SN

, ZF A 7o) tha) 1339 435 &35t
3.2 & o3

Fig. 3 (a~c)5 BEHA 29 2| T2 S 5ol nE 1%
AGRE -8 Vel Zo) 1, Fig. 39 (d~e THA
o} B E2S S0 g F4 oA FE vERd 3o
o 4 NUXHE) S & T4 Al LA T displace
ment(s)°] ©HE ZE Zh(o)E otEl A 2ol HE 3ol A
Ak Aol

E=chs

4 oA g3 AL FF2 hAZH o2 A
o} BAIG0) B EZS 357t XY e wet Aadte 7
&S VERATH T3 OSPY} ENEPIG WA 2] 2719 74
- 2 EES 5ol i E u& AT ghol ENIGP—
o A Fo] Z& Ao R e A NHA S 7
YEZ$F5 FoH e AhEo] I 78%7&5%%
BT} o 9EkA Yergte old tsiA = F o st
HTgol| A T 2A) 8] ArE Er

Fig. 4 (a~b)= Fig. 39 & S = g3 54 oy

A & ZHA ] wet v wste] vepd Zeolth (aye
THAE 9 B EZT S5 e I& A= ghold,
(b= THEA 9} 2 FEES g w2 F4 oA ghol
Uehdt}, 13) 9 g2 9o A ENEPIG ENIG OSP<=2.



ZEZE dpet gEA Y wWE Sn-Ag-CuAdl <

ay)
A
o
ol
N
N

OSP

ENEPIG

1760

Shesr Strength, (912,
2 2 2 5 g
=] o [=3 = -3

e
@
S

o

T

23
2
4
]

o
7
)

Shear Strength (gf)
-
e o

o
9
5}

o
@
>

=]

73,8
nInr: 1)’1::[1

1 2 4 B 8 1 2 4 6 &
Reflow Numbers Reflow Numbers Reflow Numbers
(a) (b) (<)

s 5 5
AA ’—')E“ 4 o~
£ < I £
=3 m 2 -84 =
=2 > 2
@ = by
& 5 g

07 bt

‘é 3 id hd .g 2 %
a 141 =% o
E .08 ag 95 E I £

! 1 3 +3

L 23
0 1}
1 z 4 & & 1 2 4 & g
Refiow Numbers Reflaw Numbers Reflow Numbers
)] (e) )]

13

Fig. 3. The results of high speed shear test on the various surface finishes with reflow number: (a), (b), (c); shear strength and (d), (e),

(f); impact energy.
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Fig. 4. The summary of high speed shear test on the various surface
finishes with reflow number: (a); Shear strength and (b);
Impact energy.
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Fig. 5. Fracture surfaces of solder joints on the ENIG surface finish fractured by high speed shear test.
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Fig. 7. SEM cross-section images of solder joints formed as a function of reflow number with solder ball composition and (OSP/ENIG/
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Table 2. Chemical Composition of IMC layers analysed by EDS

urf Composition (at.%
Su.rface MC p (at.%)
finishes Cu Ni Sn
CugSns 53.5 - 46.5
QSP
CuSn 73.0 - 26.9
ENIG {Cu,Ni)sSns 37.8 222 39.9
ENEPIG (Cu,Ni)sSns 316 25.8 42.6
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