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Viscoelastic Analysis for Behavior of Edge Cracks at the
Bonding Interface of Semiconductor Chip
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Abstract

The stress intensity factors for edge cracks located at the bonding interface between the elastic semiconductor
chip and the viscoelastic adhesive layer have been investigated. Such cracks might be gererated due to a stress
singularity in the vicinity of the free surface. The time domain boundary element method(BEM) has been employed
to investigate the behavior of interface stresses. The overall stress intensity factor for the case of a small interfacial
edge crack has been computed. The magnitude of stress intensity factors decreases with time due to viscoelastic

relaxation.

Keywords @ time-domain boundary element method, interface edge crack, viscoelastic analysis, semiconductor
chip

.M B 7 71 A B3 38 ez vehdA €
o 53], A 2AMEde &3 Folidol EAEHA H

Fig. 1& Fgh28 A Z2A) R #7]4€E vi= =, olelgh &8 FolAe A3 FHAA Y AW BA
A e deit, BEA JE A EAG Eejeiris gloj A W] @olut BAE &%i oA 4= 37
2e 2&8AF HAAE T =z gd dgEe] A gl o] Fio] Wi A= %‘J #7129 FHAH &
o AR e AR o8 VAN dd 9 dA8 A AT s g
A& AYr] o, 2= Wart dsAY, &8 F A% gz d Alolo] EAste AW dgod #

* A - A sasddte ey s FEE +o] =R t3 EEE 20019 129 319471A] & &3

BEgae 20029 3930l 1 A AU

BIREAMPRBES =2 M143 M35(2001.9) 309



BeA F AL A EAste 2ME g¥ Agd AE 2w sy

Adhesive EMC
(epoxy)

D
Leadframe

Fig. 1 Plastic Package Configuration
-_rL% guts] Mggslo] st} Burgere Y f==
9o d SAA Y Aol2 A3 HAAHAN FE
ARY 7PsAel ddta wEAT.?Y Pearsons
B 3 HAA A9 gy 1EHE 48 S B3
2439t HA2oe LxsE neld 04X
o] 230l AegAt.” a2y A7 =g de |
FA71E AaAs i ARl Wi, 27t &
ol AY, ¢ F47t HAEH, EdAFe] ohd A
gy 74 = Pﬂ 2ot 7138 L ZAFA Go| &

r}o Lz rﬁ

idgl HaAA R M)A
Y "ed AL 34
AA AN M 9] =
HZo §8 Folio] &x
g AYstn A A
xe, An Mz dge
%’33}‘4# g2 4 ot
E A YR 2 &5 WErt Ay
R eRE A 2AA(epoxy molding compound)
of o] AESA HU, AWHAFY Ao T F

FRAAce Aolz A8 H FAAFL AT WYE
ek oz Qlgeld 4% WREE wA"G. Y
53], A¢ WP FoY A WP Fo] FeeA €W
WAz AW 2Aele Hol g8F0] YehdA

3, Agxe g 27 vighv 2Ag dE9E o] A

i)

Gtk Y B =R e 2ALY 2HE Pubek
A4 WY g EFu, Al 9 AALLY(BEM ¢
boundary element method)S Z&3ke], &4kak <l
A Wy et A AFA S FHADRA veht
= qua ;{-g/] xh:,]- 4 ﬂ%oﬂ Eﬂ?ﬂ' EHM o "]E'c'?]'.l_
2 gk WA, ol 7d glo] HA HAAZol &
AstA A= J= ol e AFgHE Fo| H
&8 w AH AAH B2 Jehtes AR 5] 28

310 s=FAREZEs =2& 143 HM33(2001.9)

%ﬁlﬁﬁ:‘ﬁ & AHgdte ZARStA @t ool
HEAAZS A AT 2AE] e Hg
BAAFE Adteted ZAMe FEe e A%
l%'hJP gt ol A7 die g

FEZ AT AT AFE olgsted 712
XPE7} g gt o}, ¥F Hd A ESHM TFE
o] MutelE BHT A&l i AFelA vuAsE
&84 £+ do.

ﬂLmle

<:>>J tlo oo ¥ i

2. s 34

Fig. 2(a)& o] AZAl HaAld of3) 284 ¥
& vdehla ek o] dtdAe F8 #AAE A
I H 2 e Al wAEhe 2M e dde dAed
AZE ZA8le RAol22, e HYE A3 J2A
ol A4g FHoz ZTAAC. AFH 4o AW =B
Melole 2Ae] gdo] EAsta U, ¥R 3
Wk o Fo] 2481 Ut} Fig. 2(b)E 49
AR AAE 93 2319 A 2d-g Jehdr,
Ao LS nelsle] 289 1 v Aot
71 221 dY 2l HW W E(plane strain)
delel sickm g e

ol A=A (body forces)® 232 Pl 7t
ole], Fig. 2(b)e] X 2do g ded 24
ARG e the3} go] FojAct

3 3 9ol thalA,

5w+ [
= [ (0 Uy, 9dS (%) (1)

wi(0)T;(y, 0dS(x)

olx, FeA HAAZ dFl HaiMe,

ci(9) u?(y,t)+fs[u}’(y',t) Ti(y ¥:0+)

o, 0Ty, ys8)
J i TGO

=f5[f?(J",t)U?f(y,y';0+)
+f0+tj(y,t—t) 37

olch (1) (2)eA, S A ¢¢ ae

a’t’]dS”( )

dt’]dS“(y') (2)

72t @A



o
ox
S

g H(t) ty
ry b A
1 T 1 A
Edge
b }/ Cracks
«—”’—”/" ’/ . X T
h Viscoelastic
Adhesive Layer
Y A 4

b Chip

s
+

Viscoelastic
Adhesive Layer

Lo )
g H(t) B8
2L / |

/

(a)

Fig. 2 Idealized Model

A e JFASE 7, o9 e A d
Aot 719 2 Jehlin, St 84 2de A
AE 7Y ¢ (»E AARY 7158 24 98
AREHe Folu, U9 Tyv HEA 7188 (elastic
fundamental solutions)eltt. o|2lg H@A 7]Ls)
T B4 718 gA-ded digdeE Hestu
78 4 U

(D (e FARcE AYd 5+ Jded, 24
ol dlalA 221 A 82 (quadratic line elements)
£ Abgeta, AR tiEid e 8 AEZE 3AS A
231 Aestn & Aol AT 4(1)
7 (2)8 Asd vt 2 AAsA Wyl ¢
=k,

w4 A ddq dlsliA,

L& B[ :;]:[ ¢ 6" 5‘2] (3)
oln, WAAE Gl daME
[ B H“][ ,’jﬁ]:[ G 62‘][ ;;21]+[R] (4)

olth. 4(3)3} ()eIN, 9 BA 17 2E 22t g
dod7 Hed AAAE 9o velz, 129 21
& 5 9o 4 Aue s, He ce 93

B¢ HNn, RE AW olde Ui 23
2979 4uE Axel we A% WHAAS An
oM Wsle] A zo weEe) WY 2Ag gt
W, e 2 W YA o] dojAh 3,

1

H H 0 G u"
0o H* I ma] ,;;
-[§ GllE+[ & ®

A5l BAxAE HE3d BAAA W}
S (EEH) o] TR} o] A W BAAzNL
&3 2T Fig. 2(b)elA,

A-Bell &M, 7,=0, %, =0
B-Coll tialA, w,=0. u,=0
C-Doll e, 6,=0, r,=0
D-Eo WA, 0,=0, z,=
E-Fel ti8lM, ¢,=0, r,=
F-Goll didlX, 0,.=0, 7,=
G-Adl WM, r,=0. u,=(h+beH() (6)

2(6)N A, H(HE Heaviside &128 48
12av1=3

ShRMMTRAEE S =28 H143 M35(2001.9) 371



AR A A Eqehe 2 39 A B d9y s

3. Al Tl CHEt SHEHAI>

Fig. 3& gz b Az 4% o|F 4
g9 Aol EAste FEE vehdT @A 24
e delE Hgsld et A@FLA §HE
Fdshd, 7 e Seae] 2EEE e 2o
Folgiey

[0, (r. 8:) ity (r 0:9)],.,

751(5\3;_;’?52(5) €XD{2'79(3) ln(~§)} (N

(M, 6,8 7,8 @Eds Agy ey
SHES Aleln, K, 9 K, oS gy B
# SHgNASs K (=K, +iK,)9 HEES e
W, s ghEdls d8ueg rlelfia L& 7Y
Mo g Belel Azl vehli, Jv B oA
& ATstelr] o4 AleHe dole] Held 7l

W, j=v -1 ot} BEF,

B 7 (),

xS spts w8
y{(s)= =
xys p S+ g

;1‘(8)7’3—'482‘;(5) (’%[3 %%%)

—- 35 v(s) (gm ed)

A+sv s oo
xp=3—4 vy (HY HYE)
I Bald I T
=17, 2R eH (8)
ofch, al&)elixl, ol Ha T® e 742 ¥ Gon
Az 49E Yehda, 4,08 v (s gEky
Ao A L ()9 Hekd Zolkd u] (1) o &
Fapa WES ehE, 4, s B Yy AdAs
Rtk gl S A se] Avle A7)

z $E thga 2ol nEEn

K (9=K®l =\ [K (9] + [E9])
=tV 2/ [0, 0:9] + [740r 0:9]°(9)

31

e
i

PR

GH

aE =824 W43 M3Z02001.9)

BV
{Viscoelastic

Fig. 3 Region near crack-tip along elastic-viscoelastic
bimaterial interface

K(O=vVaaly [t + [ 40T (10

A0, tie AAsaye] oda Ad 7Y
Aeelrie] RS Ve, L& 39 Add sl
AARLEY HelE e SEEUAeY avle
2101 ol &, #9 g ¥oodse] $-E
HE AR ASE 4 o 7#E A9 §oe A4S
e Jehirl e 5 AAadst AHgEeel
At} o] BRAME Fig. 4o vebd AxE F9 A
oA o] M98 vehdy] skl AR 2 (guarter-
point element) & A8l D, #€ Hue] 4 E g
7] $l8iAl tme Bo] AMRE S (traction singular
quarter-point element)® A8k} oleigd A
ad] g Ew g eAEd dvhe Fowyty

off Abs] el gieh,

LA

s

i

r

n

i

jytiled

quarter-point slement

]

¥

("
N

L/4
L

,ﬁ

traction singular
quarter-paint slement

Fig. 4 Crack-tip modeslling

crack tip



o
ox.
Ay

4. sX|siA 2t

o] =8 FXga Bl
2e 47 ghEo] AHgEYL.”

Aol s o3t

E.=168.9 x10°MPa : v, =0.28 (11

AADAA, ot HA e e 7RI, Ex 84
Ag, ve Zokg vE vehdo, Hed 2 (A %
Aol el B 2 £ ghge] AgEn

3.2x10*
E, (f)=——" " UP,
=06 o0 MPe
k(1) =23.556x10" MPa (12)

A(12)9X, E, (e A8 QA5 8AFE Ye
Wi, k()= AHo|ASFE epdth

A, TEel ¢l Aol W Y HEHE3fNM
AW BAE] FIoA vehbe SEdHE 2ARISIT
olg} #& A% Fig. 2(b)olA a=00°] €} A&
60719l AA LAt AMEEo] FaEQIT Fig, 5& AW
S wg 2781 Je 3¢Y

g Yeldn slvk AW

] . R— [ T
14
' | [ 8
124 —O—r,, (t=0) i
11 —v—r,, (t=2000)
‘s. —0—o,, (t=0)
s —a—g (t=2000)
o 1 T
o 7
g
- B N e ) S ¥ e P e P P ¥ RIS
2 8]
% ]
™~N 2.
I 1
& O0Ff -2 &
-1
.2-
3
4
5 I I i 9
T T T T 1 T T—
0.2 0.4 0.6 08 1.0
x/L

Fig. b Distribution of interface normal and shear
stresses (a=10)

7to] Z el e} ol g 4
Holz it} A $HEL AW Mg HEIdA ”H
£ AR =, o} 3§ Eo] $9 (singular stresses)
A 2Ael Fdf HEso] k. olgd $8 5o
dog Qs 74]@3 Al FFole A uhely 24 g
g HA sbedel Wif At & 4
o5, Fig. 2(b)oll Yeht e AXNH, 7 A
AAFo] HAAAH EAshs wME FdE e
Aot M 78709 AL ARREle] sE I
SR AN (L—a)>9re] ZHA0] AFEEHAL,
a/h=10.03, 0.1, 1.0, 2.0%5 47} A5 &l =
AEIAY Fig, 62 71 T Zolo] thalA, Alztel] u}
2 K,(¢)9] HaE vepdo 7 g dlaiA, B3
SHEgRAF A7) K, ()T Aol Zagel] uet
Aap golAtirt dAS gto g2 $Ysle AEE Kol
]

3 gog sHyg

1=
o
T

o e, oleist Asd dg = AHead oo
2 g Aol A dAshe AN o] Alzte] 3R
wel Hap olgkslol A %M TR o Folrt

g, 7ol dolzk Aol Wt K,(HE AL 3
B, At g T 1954 2ol sl

e #2054 Aol elsh, P AW WY
9] 271} A, W3 Az AR SA Lol
F20 weld wAE) @l BAT £ Yo, 99 &

9000 — —— e

8800 L
8500 —AO— a/h=0.03
1 —&— a/h=0.1
8400 4 ~{-ah=10 [
8200 Jiy —O—ah=20 |—
11 C~o-
8000 -+ Q=p ~0=5-5
o 7800 YIRS S = c Fo—0
= 4 - I ™ o o P
g 7o
@® 7400
[+ 4
= 7200
w7000 o
>~ 1 ~&-0~g-@-
6800 D-B-a ©
g o=
X 6600
6400
6200
3,
6000
] A-B-D-Ap AN A —
5800 PA A A A
5600 - r . , . ,
0 500 1000 1500 2000

Time, t {min)
Fig. 6 Ky(¢) vs. time for «/A=0.03, 0.1, 1, 2

srEMATEsE =28 M14¥ M35(2001.90 313



A ] A A EAdte ZAE g Aol i e Y

o|go] Uehte $8o] AW 2H S| Fesio]
7 Wl AR BAelH TYte FTIE e
2718 20 gekn 429 4 ok #9927}
WS 2 Aol K@ 24 gonE, 3

A% W EC] WF AAA FF e FEL AH
glo] ¥ dejol A seiet wddd. 399 A
& oPINE GA SEEUAFY 27 FTF
QAP eS| A71E AR Asiie 484d A
Wio] aydna wdEn

5% B
o] =R E AALAH(BEM : boundary element

method) & 2 -&3to], B A2 MY E3lolA &4
Az Aad AAAZe HEFAGE vYehde 22X
L AT M S A=At WA, #dol Ue 7

Fol el & Aestslch. U °17é} FE°|
ZHgshe Bl A 2Melde e 2 Tz}
vehded ol# g Sl 3HEL ﬁi}xﬂ%—«l TG
Aojol vlmsl HwA e Eeld ZA vehda 3
th. ol2ld Bolgez &, BAMe Iy AW W
27k B 4 Qlrh. a2y, SolgE e AW B
oA e 22 el AAA dehtez st
T 22 A718 2 Helgta A58 0o o
o, =AM ddol EAste AR EA0 i3 i
& A= A Zjol 945}“" Fae] Aozt A
Aol et K, ()= AAL ded, /e dEs
dgol AAFE Fojen 91‘3} g, % gde 2ol
of diall, Y& dFoz Altel| wet $H oA e
ghol M olgd S HoFa ot wet #Ee] A
717 Wi ZAE ASdlE K ()] 2A] geng
A QG A Eo] v ¢ ARAA de Al e
A% glol <FE el Al Hefet e o
F AES AA A FAARY A3 ABAT)7] 9
siAE AEAQ o] glojol vty dddEn

o228
1. Weitsman, Y., “Interfacial Stresses in Viscoelastic
Adhesive Layers due to Moisture Sorption,”

International Journal o Solids and Structures,

314 st=ap7x@sts] =23 M143 HM3E(2001.9)

10.

11.

. Pearson, R. A., Llod, T. B.,

. Lee, S. S.,

. Zhu, J., Zou, D.,

. Pearson, R. A.,

15, 1979, pp.701~713

. Lee, S. S., "Boundary Element Analysis of

singular hygrothermal stresses in a bonded
viscoelastic thin film,” International Journal
o Solids and Structures, 38, 2001, pp.401~412

. Burger, K., “Fracture Mechanical Characteri-

zation of IC-Device Interface,” Quality and
Reliability Engineering International, 11, 1995,
pp.299~305

and Azimi, H.
R.. "Adhesion Issues in Epoxy Based Chop
Attach Adhesives,” IEEE Trans. On Components,
Hybrids, and Manufacturing Technology, Part
A, 20, 1977, pp.31~37

ojAlE, "R A Alole] AU A
o g A4dd nd” MAE =i, dFTE]
&9, 1999

“Boundary Element Analysis of
the Stress Singularity at the Interface Corner
International
35. 1998,

of Viscoelastic Adhesive Layers,”
Journal of Solids and Structures,
pp.1385~1394

and Liu, S.. ‘Real-Time
Monitoring and Simulation of Thermal De-
formation in Plastic Package,” ASME, Journal
of Electronic Packaging, 120, 1988, pp.160
~165

. Wang, J. and Liu, S., “Sequential Processing

Mechanics Modeling for a Model IC Package,”
IEEE Trans. Packaging,
and Manufacturing Technology-Part C, 20,
1997, pp.335~342

et al., “Ahhesion Issues in
Epoxy-Based Chip Attach Adhesives,” IEEE
Trans. on Components, Packaging, and Manu-
facturing Technology-Part A, 20, 1997, pp.31
~37

Reedy, Jr., E. D,
Singularity at the Interface Corner of a Bonded
Elastic Layer Subjected to Shear,” Engineering
Fracture Mechanics, 38, 1991, pp.273~281
Reedy, Jr., E. D.,

on Components,

“Intensity of the Stress

“Connection between



12.

13.

14.

Interface Corner and Interfacial Fracture
Analyses of an Adhesively-Bonded Butt Joint,”
International Journal of Solides and Struc-
trues, 37, 2000, pp.2429~2442

o| &, 4AY "HEgE weld FaaE IC A
71x9 AT e A=y AR, A
2249 A3%, 1998, pp.671~-679

Lee, S. S. and Westmann, R. A., “Application
of High Order Quadrature Rules to Time
Domain Boundary Element Analysis of
Viscoelasticity,” Internarional Jourrdl for Numeriocal
Methods in Engineering, 38, 1995, pp.607~
629

Lee, S. S., "Time-Dependent Boundary Element

15.

16.

17.

Analysis for an Interface Crack in a Two-
Dimensional Unidirectional Viscoelastic Model
Composite,” International Journal of Fracture,
77, 1996, pp.15~28

Aliabadi, M. H. and Rooke, D. P., Numerical
Fracture Mechanics, Kluwer Academic Pub-
lishers, 1991

Banerjee, P. K., The Boundary Element
Methods in Engineering, MeGraw-Hill Book
Co.. 1994

Weitsman, Y., ‘Residual Thermal Stresses
due to Cool Down of Epoxy Resin Composite,”
ASME Journal of Applied Mechanics, 46, 1979,
pp.563~567

eRfAT AEEE =8 M143 M35(2001.9)

315



