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Investigation of the Underfill Delamination and
Cracking in Flip-Chip Modules under Temperature
Cyclic Loading
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Abstract—In this paper, stress singularity in electronic pack- corners of geometric shape, the edge of the interface between
aging is described and three general cases are summarized. Thedissimilar materials, and the tip of the interface crack (or de-
characteristics of each stress singularity are briefed. In order to lamination). The finite element stress analyses are inadequate
predict the likelihood of delamination at a bimaterial wedge, where . . .
two interfaces are involved, a criterion is proposed and the cor- to capture the stress smgul_arlty. Fracture_mec_hanlcs ap_proac_hes
responding parameters are defined. The propagation of a crack are needed to take the singular behaviors into consideration
inside a homogeneous material with the effects of delamination for the extraction of meaningful fracture parameters that can
and stress singularity is predicted by the maximum hoop stress pe used for design and testing. However, only standard type of
criterion. The proposed criteria are adopted in the analysis of & ¢yack or interface crack is considered in the context of classical

flip-chip with underfill under thermal cyclic loading. A finite Eele- fract hani Th licated si lar behavi
ment (FE) model for the package is built and the proper proce- racture mechanics. 1he more complicaled singuiar benaviors

dures in processing FE data are described. The proposed crite- Of stresses in various cases are present in different packages,
rion can correctly predict the interface where delamination is more  and these problems can not be solved directly in using classical
likely to occur. Itcan be seen that the opening stress intensity factor fracture mechanics. Therefore, several researchers have done

along the interface (or peeling stress) plays a very important role yna work to determine the dependence of the stress singularity
in causing interfacial failure. The analytical results are compared . .
with experimental ones and good agreement is found. The effects on the ge,ome"y and material prqpertlgs [3]_[5]_' . . .
of delamination and cracking inside the package on the solder balls ~ For a bimaterial wedge corner like chip/underfill in a flip-chip
are also mentioned. Further investigation into the fatigue model of assembly, where two bonded interfaces are involved, it is impor-
the underfilled solder ball is discussed. tant to know which interface is likely to delaminate. One of the
Index Terms_Cracking‘ de|amination' finite e|e|’nent7 ﬂ|p Chip‘ ObjectiVeS Of thIS Study iS to estab”sh a Criterion for the delami'
fracture mechanics, singularity, solder joint fatigue, thermal cy- nation initiation under thermal cycling. To predict the cracking
cling, underfill. propagation inside a homogeneous material after the delamina-
tion, the maximum circumferential stress criterion is adopted in
I. INTRODUCTION this paper. The impact of the underfill failures on the solder joint
reliability is discussed.
XTENSIVE studies have shown that the delamination
and cracking of the underfill not only reduce its ability)|, STRESSSINGULARITY ANALYSIS FORBIMATERIAL WEDGE
to ensure good solder joint reliability, but also allow moisture ) o o )
to accumulate at these interfaces, prompting additional failureEX@mples of the stress singularity fields in flip-chip assem-
modes. Temperature cycling tests have shown that a numBlies are shown in Flg. 1 such as chlp/underf|ll, underﬁll/solder
of delamination sites at underfillichip, and solder/underfili@sk, and underfill/chip/solder ball. In spite of complexity
interfaces were formed during the loading [1]. It has bedf] 9€0metry and material combinations, all stress singulari-
generally believed that the shear stress is a major cause of {8 &rising in bimaterial wedge configurations in electronic
delamination, but it is now being recognized that the interfacickading can be grouped into three categories, which will be
peeling stress plays a very important role in causing interfacfitailed in the subsequent analysis. These are:
failures [2]. 1) angular corner of a homogeneous material;
For structures containing either dissimilar materials, or 2) angular corner of bimaterial wedge;
cracking and delamination, the stresses are singular at the3) bimaterial wedge with adhesion, as shown in
Fig. 2(a)—(c), respectively.
For any bimaterial wedge system, in which the materials are
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underfill/chip/solder ball classical fracturep increases whef, increases. There is no
stress singularity wheé, > .

chip/undertill

undertill/solder mask
B. Angular Corners of a Bimaterial System

Fig. 2(b) shows a general configuration for an angular corner
of a bimaterial. The configuration is reduced to a standard inter-
face crack, which refers to a crack lying along the interface in
dissimilar materia{6; = =, 611 = 7). A free edge of bimaterial
Fig. 1. Schematic structure of a flip chip module. The circle areas repres%rresponds to; = 7r/2 O = 7r/2 With 6; = 7r/2 O =
regions of local stress. . L ) ’ .

37 /2, the configuration corresponds to a corner (e.g., chip/un-
derfill in Fig. 1) with delamination along one interface.
1 (1— 21 —(1—2v
p=3 El - 2/2;;“2 - El — 2;;;’“ (2  The general characteristic equation for determining the order
V2)iH2 YL of the singularity is

or by the connection

D(6y, 61, o, B, p) =0 6
111_/3 - (0r, O, o, 3, p) (6)
E=—1N ——
27 1+p5 (refer to the detailed equation in the Appendix). The solution
where can be obtained by solving this equation numerically by
y Poisson’s ratio: Newton—Raphson method. In the case of a standard interface
’ shear modulus: crack, i.e..fy = w, O = =, the well-known complex stress

subscripts 1 and 2 materials across the interface. singularity is found, see Rice [B]

Thea measures the relative stiffness of the two materials. Mate-
rial 1 is stiffer than material 2 ife > 0. The so called oscillating

?ndex,ﬁ ore, Whic_h is responsible for oscilla_lting stress behav- 1 imaginary part of the stress singularity at above equation
iors at wedge tip in some cases as to be discussed shortly, £ap,quces oscillating stresses in the vicinity of the crack tip and
hardly be interpreted intuitively. a possible overlapping of both materials. Rice [8] has shown that
The singular stress field is generally expressed as in this situation tensile and shear stresses are inherently coupled.
0i; = P~ £5(6, p) (4) It has been found further [4] that the stress field around the tip
" AT always displays an oscillating singularity in the casefof-
wherer, 6 are polar coordinates at wedge tip, gnthe order 61 = 27, whichimplies a delamination is presentin an arbitrary
of singularity. If0 < p < 1, the stress field is singular. Thebimaterial wedge. However, in the caselph- 611 < 2, stress
order of singularityp is not only dependent on the materiafield around the tip does not exhibit an oscillating singularity.
properties ¢ and 3 or ¢), but also dependent on the geomFor instance, at the free edge of bimaterial, the stress field is
etry, such a9, or 6; and#éyy, or 8y for three different cases singular, but showing no oscillating behavior.
in Fig. 2. It should be noted that (4) is valid only wheris
a real value. In some cases,appears to be complex valueC. Bimaterial Wedges with Adhesion
which introduces oscillating stresses in the vicinity of wedge Fig. 2(c) shows a bimaterial wedge in which two bonded in-
tip. The stress field in this case should be written in the forgarfaces are involved. The characteristic equation of the order of
of o;; = 7RP=1f.:(6, p, ImpIn r) [8]. The term Inp In 7  singularity for this situation is derived by Vroonhoven as [3]
gives rise to the oscillating behavior of stresses, but the stress
singularity still remains as Rg — 1). In the following sections, D(w, 3, 0w)=0 (8)
the determination of the singularity order p is outlined for three
cases, respectively. where the detailed equation is listed in Appendix. It was found
that the order of stress singularity is always considerably smaller
A. Angular Corners of a Homogeneous Material than the same wedge system with one delaminated interface [ob-

As shown in Fig. 2(a), the stresses may be singular at a wedgif€d from (7), with9r +-6rr = 2a]. This implies that the stress
corner of a homogeneous material. A homogeneous wedge 5 Feleased when delamination is present at one interface for a
be considered as a special case for a bimaterial wedge with céiraterial wedge. For most cases, the stress field does not have
plete delaminations along two interfaces. A crack in a homog@? oscillating singularity.
neous material can also be treated as a special case of this wedge

p=1/2+ie. @)

with 6§, = 0. The order of the singularity is dependent on the  !ll. DELAMINATION CRITERION FORINTERFACES AT
angled,, and can be determined by [7] BIMATERIAL WEDGE
sin p(27 — 0o)  sin(2m — o) For acrackin ho.moge.neous material, the well-known mode
= (5) 1, I and lIl stress intensity factorsi(;, K, and Kyrr) were

p(2r = bo) 2m = b found to be the only parameters that characterize the magnitude

It can be verified from this equation without difficulty that withof the singular stress field at the crack tip for each basic failure
6o = 0, p = 1/2 for a true crack, which is the solution formode, respectively. For a standard interface crack in a dissimilar
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@ (b) ©

Fig. 2. Bimaterial system: (a) angular corner of a homogeneous material, (b) angular corner of bimaterial wedge, and (c) bimaterial wedgeonith adhesi

material [i.e. 0 = m, 6;; = 7 in Fig. 2(b)], the total energy re-

lease rate oy-integral can be used as fracture parameters, while

the separated mode fracture parametersiAikend K1 do not

exist except for special material combinations with= 0 [8].

For a bimaterial wedge with two bonded interfaces, however, it

is impossible to find a unique parameter (or a few) to represent () (b)

the whole singular field of the wedge tip. In the following analrig. 3. gimaterial wedge: (a) without delamination and (b) with delamination.

ysis, without lack of the generality, a bimaterial wedge with two

bonded interfaces, which are placed horizontally and vertically, ) o ]

respectively, is considered [see Fig. 3(a)]. The singular Stréggerfacgs are involved, the delamination will be along the hor-

field for this situation can be represented in the form of equi#ontal interface when

tion (4). The singularity shows no oscillating behavior and the

order is much less than 1/2. With the introduction of the polar Kh(oh) KV (")

coordinate system, the hoop stregsand,, at the tip alon 7 > 7
yoEn: P P along Kl (¢ ~ Kiy(e")

the different angular direction can be expressed as
is satisfied. Delamination will occur along the vertical interface

(13)

A— _ - . ; o
op = f(0)/r" 7", Te=g(0)/r " (9 if the inequality is reversed.
Unlike the stress field in a crack tip of a homogeneous ma-
terial, where the stress intensity factost( Ky, and K1) IV. PREDICTION OF CRACKING PROPAGATION IN
are found to be only parameters governing the crack tip behav- HOMOGENEOUSMATERIAL

iors, (9) virtually gives no such kind of solution. However, the

opening and shearing mode “stress intensity factors” can be de-rhe delamination_of the "_‘“?_rface ina bimat_erial wedge Wi”
fined as function of the angular position at the corner tip by give rise to a potential possibility for the cracking from the tip

of edge through the underfill bulk. For example, if the interface
delamination is present along the horizontal interface, as shown
in Fig. 3(b), it is likely to be followed by the bulk cracking de-

. . . . . ... veloped in material 2. After delamination, the order of stress sin-
The introduction of opening and shearing stress intensity fac-, " .
larity for the wedge is more severe than that the same wedge

torsin eqyanon (10)is important, sincein the m|X(_ad-r_node Cra%hthout delamination. In addition, the delamination will result
propagation of homogeneous material, the cracking is presentin

the direction ofK, = 0 or maximumk, [7]. For a bimaterial in‘a complex oscillating singular stress distribution at the wedge

wedge considered here in Fig. 3(a), the opening and sheartllrg%aS analy;ed n Sectu_Jn . S!npe the osullatmg singularity
: . : occurs only in the immediate vicinity of the wedge tip, the con-
stress intensity factors along the two bonded interfaces can t%g

be introduced as the parameters for delamination prediction &3 u;:gpaﬁirfr:)?qaggag 2?23?;122?3;'?;:3r'zé?::r[g]d v_;_/rr:gn

h B ha271/2 h 1ok b maximum circumferential stress criterion, which was originally

K* =[K)" + (Ko)] / ’ = tan T (KJ/Kg) (1) used for the mixed-mode crack propagation in homogeneous

KY =[(K¥)? + (K¥)?]Y/2, ¥ =tan Y KY/KY) (12) material, is extended here to predict the cracking direction. The
cracking is assumed to occur in opening mode perpendicular to

where K", ¢, and K, ¢¥ are the combined stress intensityhe direction of maximum stress intensity factor or maximum

factors and phase angle, and the supersérimndw represent circumferential stress. The circumferential stregst the tip is

the horizontal and vertical interfaces, respectively. The delangiven as

nation behavior along the interface can be characterized by these

two parameters completely. The delamination initiates when the og = f(O)/rt7P (14)

stress intensity factor reaches its critical value, ifé(yp) =

K.a(v), whereK () is considered to be a material propertyvhere the order of the singularity can be taken on its real part as

as function of phase angle and is termed as the interface adiygproximation. The cracking direction is where maximfigé)

sion strength for this wedge configuration. Since two bondddr o) takes place.

K, :f(e)v K :g(e) (10)
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V. FINITE ELEMENT MODELING ¢ 6.35 I
0.67 i 0.8
In order to investigate the delamination behaviors of underfill O O AN
atthe edge of chip in a flip-chip assembly under thermal loading,
itis necessary to perform a finite element analysis to extract the Substrate Solder bump 056
fracture or delamination parameters defined above. The most
important region in a fracture (delamination) model in a finite : :|<: : >

element analysis is the region with stress singularity. The tradi-
tional singular element is commonly applied to obtain the stress
intensity factors accurately for a homogenous cracked striggs 4 Flip-chip assembly geometry (unit: mm).
ture (the element is quadratic, with the midside nodes placed
at the quarter points to capture the-1/2 singularity in strain).

Such singular element, however, can not be applied for the bi-
material wedge configuration such as the edge of chip/under-

13.5

TABLE |
MATERIAL PROPERTIES

fill in flip chip, since the stress singularities at the wedge tip ~ Matesial @ E  CTE | Poisson
vary with the geometry and material properties. Therefore, the ' Gpa) | (ppm°C) Ratio
global/local finite element modeling techniques are employed in sicho R St
this paper. The local modeling (or submodeling) is known asthe > " 155 26 = 025
cut-boundary displacement method, in which, the cut boundary  Solder Pb/Sn 37/63 3.7 298 04
is the boundary of the submodel that represents a cut through ¢, = 120, = 17 = 03
the global model with coarse mesh [9]. S e e R
) ) ) BT 2. . 15 0.35
In the present study, the flip-chip structure considered here - : P - e
SR 29 40. 0.35

is shown in Fig. 4. A two-dimensional (2-D) plane strain de- S :
formation model was used, based on the cross-section of the = Underfill 9.~ 6. 035

flip chip assembly perpendicular to the plane of the silicon chip

face and parallel to the chip edge. Eight-node axisymmetric el-

ements were used in the symmetric half-model. In the model, 4) Apply the boundary condition obtained from global

the silicon chip, underfill, solder mask, BT substrate and eu-  modeling and perform a local finite element modeling
tectic solder bump were considered, with the material proper-  at the chip/underfill corner.

ties in Table I. The structure is subject to a temperature change 5) Extract the normal and shear stresses along two inter-
from 73 = 25°C toT> = 150°C. The stress free temperature faces, respectively.

is at room temperature because it is assumed that the residual6) Plot the opening stress intensity factors and shearing
stress inside the package after assembly will be relaxed after ~ stress intensity factors at different points of tip by using
the storage for a period of time. In addition, since the linear ~ (9) and (10), and select the range where the relation be-
elastic analysis is applied here, it is necessary to select the most  tweenK andr is monotonic.

typical temperature range for this elastic analysis to represent 7) Extrapolate to- = 0 based on the plot above and obtain
the true deformation situation during the thermal cycling. It is the actual values of opening and shearing stress intensity
known that the temperature inside the underfill during heat-up ~ factors along two interfaces, respectively.

to 150°C is near or above its Tg temperature. The underfill 8) Calculate the combined stress intensity factors and the
becomes very soft and the adhesion is the weakest. Further-  phase angle based on (10) and (11).

more, the interface at this temperature is under shear and tensile9) Predict atwhich interface the delamination occurs by the
normal stresses, which is more crucial than it is at low temper- ~ criterion defined in (13).

ature during cooling down, which is under shear and compres-10) Calculate the order of stress singularity after delamina-
sive normal stresses. Therefore, this temperature loading is con-  tion by (6).

sidered to represent the true deformation of the package duringl1) Use the maximum hoop stress criterion equation (14) to
thermal cycling. predict the cracking direction of the underfill.

The procedures for the extraction of fracture parameters and ©" the flip chip package studied here, the orders of the singu-
for the prediction of delamination and cracking are summariz&g/ 1ty can be determined from equations (7) and (8), respectively
as follows. based on the material properties in Table I. The results are shown

in Table Il. It can be seen that the singularity of stress with de-
1) Calculate the Dundurs parameter&nd 3 or €, based lamination is more severe than that without delamination. Fig. 5

on (1)—(3). showed the enlarged portion of the finite element mesh near the
2) Calculate the order of stress singularitybased on (8) chip/underfill corner for a global finite element model. From
for a bimaterial edge with adhesion; this global model with a relative coarse mesh, the displacement

3) Perform a global finite element analysis and extract tleé the cut boundary that is used for the submodel can be ex-
displacements at the cut boundary for the local finiteacted. A sub-modeling is then performed at the chip/underfill
element modeling. region to obtain the more accurate information on the stresses
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TABLE I h .
THE ORDER OF STRESSSINGULARITY AT CHIP/UNDERFILL CORNER Region to be sub-
modeled
Owder of sisgularily p Eoeooeea oot tas i et
Befure delemication o, a7
Alber delamenation | {38240 010
Fig. 5. Global finite element meshing.
at the edge of chip. The finite element mesh for this sub-model 03
is shown in Fig. 6. < ~mm )
Since the finite element results are very inaccurate at a very SRS EESC

small distance from the wedge tip even with global/local mod-
eling, due to the inability of the elements used, the results for
points very close to the tip should be discarded. On the other
hand, the singular solutions are valid only in an area close to the [
crack tip, thus the procedure should be limited to elements in the i i
vicinity of the crack tip. According to (9) and (10), the stress in- il underfill E !
tensity factor, e.g., the opening stress intensity faégfgr can
be obtained when approaches to zero, as follows

:::::

K, = lim ogr! 2. (15)
r—0 Fig. 6. Local finite element modeling.
When the regular element is applied, a series of points can be o
picked up at corner to extract the stress intensity factors (e @1d @long vertical interface
see F_|gs. 7 and 8). The stress intensity factpr§ are dependent on K¥ =[(K')? + (Kg)2]1/2 — 31.65 MPamnt—»
the distance due to the errors caused by finite element results
at tip area. The actual value of the stress intensity factor hasto  ¢* =33.1°.
be obtained by the extrapolation of these data te 0. In the ) ) ) )
following example, the range to pick up the stress at the tip isIt is shown by experiments that the adhesion strength is a

from 0.05 mm to 0.10 mm, by which the stress intensity factofdnction of the phase angle. When the phase angle is in-
at different points vary monotonically. creasing from 0to 9, that is, the cracking mode changes from

pure tensile to pure shearing, the adhesion strength increases.

VI. RESULTS AND DISCUSSIONS Therefore, following relationship can be obtained:

A. Prediction of Delamination ba(9?”) > Ka("). (16)

The purpose here is to assess that at the chip/underfill corneljt is also known that the adhesion between polyimide and

along which interfaces, i.e., the underfill/polyimid, or undergngerfill is lower than that between silicon and underfill, that
fill-fillet/chip-edge, the susceptibility to delamination is highjg

Figs. 7 and 8 plotted the opening and shearing stress intensity

factors as function of the distance from tip for the vertical and KM (M) < KV, (™). a7
horizontal interfaces, respectively. In the region-dfom 0.05 _ ] _

mm to 0.1 mm as shown in Figs. 7 and 8, the stress intensityVith (16) and (17), it can be obtained that

factors computed by (9) and (10) at different points vary mono- b b v ow

tonically witﬁr. The)r/e(fo)re the( ac)tual values 02 the stresys inten- Kaale™) < Kaale")- (18)
sity factors can be obtained by the extrapolation te 0 based  Since the horizontal stress intense fadidt is greater than
on (15) (ther coordinate in the figures startssat= 0.05 mm).  vertical onek, these values can ensure that the validity of (13).

The results read Therefore, it can be concluded that the delamination will occur
, , first along the horizontal interface between polyimide and un-
K} =17.3MPamnt~" K} = 31.4 MPamnt " derfill. This conclusion is confirmed by the experimental results

shown in Fig. 9.
Itis very important to note that the peeling stress (or opening

wherep = 0.107 (refer to Table II). Therefore, the combineoStreSS intensity factors) is in the same range or even higher than

stress intensity factor and phase angle along the horizontal 'in@t c.)f the shea_lrlng ;tress. Thus it must bg pointed out that
terface are, by (11) and (12) opening stress intensity factor plays a very important role in

causing interfacial delamination. Itis also noted that the opening
P —[(KM2 4 (K™21Y/2 — 359 MPamnt —? stress intensity factor f';llon_g the horlzor_1tal mte_rface is bigger

()" + (K5) 7 than that along the vertical interface, while the difference of the
o =28.9° shearing stress is insignificant. This implies that the delamina-

K¢ =173MPammt~? K = 26.5 MPamnt~*
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Fig. 7. Peeling and shearing stress intensity factors along the interface between underfill and chip edge (horizontal).
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Fig.8. Peeling and shearing stress intensity factors along the interface between

underfill and chip edge (vertical). Fig. 10. Contour of hoop stress in underfill by FE simulation.

Max 6=132MPa lax 6=241MPa

(a) ()

Fig. 11. Von Mises stress distribution in the outermost bump (a) without
underfill delamination and cracking and (b) with underfill delamination and
cracking.

tion is likely to occur along the horizontal interface if the in-

terface adhesion strength for both interfaces are assumed tahempact of Delamination on Solder Reliability

same. Such a result shows good agreement with experimenta} )5 heen known that the use of the underfill could signif-

Fig. 9. Experimental results of failures of underfill.

result. icantly improve the solder joint reliability of the flip chip as-
, i ) sembly. On the other hand, the delamination and cracking of the
B. Propagation of Underfill Cracking underfill will reduce its ability to ensure good solder joint reli-

The underfill cracking after the delamination between thability. When delamination and cracking are present in the un-
chip and underfill was also investigated. The singular stress fialdrfill, the stress on the solder ball is redistributed as compared
after the delamination is different from that for a standard intete that without failures. The effects of delamination between
face crack, and the order of the singularity is given in Table Ithip/underfill on the outermost solder bump is shown in Fig. 11.
The complex stress singularity implies that the shearing aRdom the figure, it can seen that the maximum Von Mises stress
opening stresses are inherently coupled with each other. In orolereased almost 83%. This is an indication that the failure of
to determine the cracking angle, the maximum hoop stress ¢hHe underfill will lead a significant change in solder stress.
terion was applied. It is found from simulation that the max- In the first level of the interconnect, between the chip and
imum hoop stress is along the direction of 3Eig. 10 showed the organic substrate, the solder ball will fail within a few or
the contour of circumferential stress along the wedge by loadbzen cycles during thermal cycling if the underfill is not ap-
modeling. Such results were verified by the actual test resufited. Under such circumstance, the Coffin—-Manson model can
shown in Fig. 9, which shows the cracking is along the direbe adopted to predict accurately the fatigue life of solder ball.
tion of 26°-34°. However, when there is underfill, the Coffin-Manson model al-
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ways over-estimates the fatigue life [1]. One of the reasons is +8{—2p*[sin® ¢! sin? (#'1p) —sin? 6 sin?(6!p)]
that this model assumes the underfill is in perfect conditionbe- | 2(g"p)— p? sin? 0" — [sin®(67p) —p? sin® 6']}a
fore the failure of the solder ball. Extensive experimental results _4p? sin? 91_911)+4 . 9 (91_911) —0
have shown that there are a lot of delamination and cracking in p” sin( S p o
_underﬂll befor_e th_e solder fails durmg_thermal cycling. T_he_: hor(_Jharacteristic equation for bimaterial wedge with adhesion
izontal delamination between the chip and the underfill inves-
tigated in this paper is the most typical one. Beside this, there 4 .4 ) 9 . o o . o
are delamination along the interfaces such as underfill/soldef (1=I)% sin® §—=A"(1 =) sin” 6{(14+'r1)" sin"(pf)
ball and underfill/solder mask. It must be emphasized that the +(I'+#2)? sin®(p(0 —27)) — 2L (1+r2) sin® (p(0 —)))
stress/strain in the solder change as the failures inside the un- 4 {(14'x; )(I'+x5) sin(pf) sin(p(6 —2n))
derfill develop. This implies that in predicting the solder joint .2 2
fatigue life, thpe interactign between t?we solde?and underfilll fail- ~P(Am) () sin*(p( =)} = 0
ures must be fully accounted for. To fulfill this, one of the pos;,
sible approaches is to modify the Coffin—-Monson model so that
there is a factor in the model, which reflects the effect of each 3— duy, plane strain
underfill failure mode. Further investigation will be conducted K1 { 3_ 1 lane stress
in the future. (3—r)/(+wm), p

{ 3 — 4uy, plane strain
y =

VIl. CONCLUSION (3—12)/(14+1»), plane stress
Stress singularity problems in electronic packaging are cate- U'=pa/p.

gorized into three groups. The characteristics of each stress sin-

gularity group are described briefly. A criterion for prediction

of delamination is proposed for bimaterial wedge, which can be ACKNOWLEDGMENT
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