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An Experimental Study on the Failure Characteristics
of Flip Chips in Cyclic Bending Test

Yong-Sung Lee’, Jong-Seol Jeong”, Hong-Seok Kim', Ki-Hoon Shin*

‘ Abstract }

are found around 70,000 cycles.

In general, circuit board assemblies experience various mechanical loadings during assembly and in actual use. The
repeated cyclic bending can cause electrical failures due to circuit board cracks, solder interconnects cracks, and the
component cracks. In this paper, we report on the failure characteristics of semiconductor chips under the repeated
cyclic bending. We first describe a new 4-point bending tester, which is developed according to JEDEC standard
No. 22B113. The performance of the tester is then estimated through actual experiments. Test results reveal that the

cracks first occur on the outer balls around 20,000 cycles and gradually propagate to the inner balls where cracks
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Fig. 1 Wire Bonding vs. Flip Chip Bonding

o
>

o g
O o
(o]

SO B ot

o

oL
> M o
>
ofo
o B
|

17411“’ 4 ﬁ-xﬂ"ﬂ upel H¢(Pb-free, lead-free)
o] Z7FtHA Ffoll= WASHA Fd ZA
o JgHoll A WAYstr] AlAkstef ofof gt
A= PG 913 g a7 V50 1Y
A Bl Y a3 *3%2
Euld o] d2] AREHHA
714 whEsk
9 7 ix})* Al A= dol 2l
ATk of2Rt 71 A vy 2 AlE LH
z 1_1E(solder joint)e] w4 (crack) 5
TAIE op715HA H=dl, A ol%
5)7} 23] Zo|u},
P 3402 23E PCB o] 7552 ¢
7R A ARE AR 2 FEE HEskaL )leH 7 Al™
& 320 S AR 1S w=A Hof Qlek of#dt o=
JEDEC(Joint Electron Device Engineering Council)®} 7
& 2 1402 gEeA e shen 4 Y A%E
A& 7 e A7 o] Alsit & A= &
o B9 vhE 3] Alde] 93t 71AF wig EAE Hot
agHor Qs fjste] thae] *134011 sl = Al
o] 7ksatH 1 HlolE AF 3 7lee 7Kl 44 |
A@71E WEstiet. B3 e AlR71E ol &sto] AlH
oA dojd Hlolg & 7IRte R 3] A4 &1 &9

Sy B4 AT st

pxgﬁﬁr’
;‘Rolz}

fr g 2 2 e
=
oo e R
o
@)
>
=
(1
12t

ot frooxd

s
Mo
)
=
>,
>,
)
ofy

~~
2

ofl
ool
filo
N

B 3

o

i e
(e
® .kﬂ

orp oot
)
A

dm

ol

=S IRe

]or
>

o

2. JEDECQ| Z&! Al 74

JEDEC?] JESD22B1139& u}Z Fig. 29] PCB Ato|=

363

(M

@

(€)

4

110.0 {Support span)
75.0 {Load span)
[

[

105.0
132.0

PCBQ]- _Eal il
it}. glofA] A<l

3
=
(Daisy chain)& o]-§3t0] I-E BGA &2 28 A3t 3
AR A AES E a0, AE BES §1 %
ko

o
A% ARRUL Asie] 57 4ol B9 FUolt UBM

HAE EEOﬂ
YERs7] figt 7%]
Egst7] 9l ﬂlOI%% -‘?’—1—}5}@ 5‘1101‘:’94 el
ole 2EgRIT AT HUEHTF AHE dddith &
EgQl AlolA] = 4 Aol A “07t o E wAEof
lofof gt

Alg Bk A9 glo] AEZE ol (support anvil)Z
A glo] Eo7teg HEE Ml 2E d(load
anvil) Apo]9} Ag|7} {2 = o #{oF gt}
Rol oz WHED AEE B FJo] HES ¥
th 4] o o] AEE AT AR AE A
& 0703} £~ Q& AT ojo} sitt. WQsiiy o

=l

PAZ HE Yo EASHES B BEE A Ao
7o R 43 o R Imm o4 220]2] ¢
2 HEE 2018 A,

AEZE A 9o 2 AL o] EAH HEH| 2

Stod, olu W} HE Aol e
o] g3to] 28t dc}.

FA AN E



018y - 34

- UBM Wl

Table 1 Options for bending test

Parameter Recommend Option Tester

Span for
support anvils
(mm)

110 N/A 110

Span for
load anvils 75
(mm)

N/A 75

Load anvil
vertical
displacement
(mm)

2 Up to 4 2 o0r4

Minimum
anvils radius 3
(mm)

N/A 10

Cyclic
frequency 1
(Hz)

Up to 3 1

Load profile | Sinusoidal | Triangular | Sinusoidal
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(a) Connectivity between the tester and specimens
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Fig. 5 Experimental setup
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Fig. 6 Schematic diagram of the circuit board
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Fig. 8 Measurement of resistance variation during 4-
point bending test
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Fig. 10 Cross-sectional micrograph of a solder ball
with crack
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(b) Second solder ball at line 16

Fig. 11 Cross-sectional micrograph of the solder ball
at line 16 of board 4
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