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Thermomechanical Failure Analysis of

Through-Silicon Via Interface Using a Shear-Lag

Model With Cohesive Zone
Suk-Kyu Ryu, Tengfei Jiang, Jay Im, Paul S. Ho, Fellow, IEEE, and Rui Huang

Abstract—An analytical approach to predict initiation and
growth of interfacial delamination in the through-silicon via struc-
ture is developed by combining a cohesive zone model with a
shear-lag model. Two critical temperatures are predicted for dam-
age initiation and fracture initiation, respectively. It is found that
via extrusion significantly increases beyond the second critical
temperature. The dependence of the critical temperatures on the
material/interfacial properties, as well as the via size (diameter
and height), is discussed. In parallel with the analytical approach,
finite-element models with cohesive interface elements are em-
ployed to numerically simulate the initiation and the progression
of interfacial delamination. The numerical results are in good
agreement with the analytical solution, and both are qualitatively
consistent with reported experimental findings by others.

Index Terms—Cohesive zone model (CZM), finite-element
analysis (FEA), interfacial reliability, shear-lag model, thermal
stresses, thermomechanical, through-silicon via (TSV).

I. INTRODUCTION

THREE-DIMENSIONAL (3-D) integration has emerged as

an effective approach to overcome the wiring limit im-

posed on chip performance, density and power consumption be-

yond the current technology node [1]–[6]. Through-silicon vias

(TSVs) are important elements for 3-D integration providing

direct die-to-die connections to form stacked structures. While

the 3-D integration with TSVs offers a promising solution for

future technology nodes, serious thermomechanical reliability

concerns have been raised [7]–[16]. Due to the coefficient of

thermal expansion (CTE) mismatch between the via materials

and Si, thermal stresses are ubiquitously induced during pro-

cessing and thermal cycling of the TSV structures. In some

cases, the induced thermal stress is sufficiently high to cause

cracking or interfacial delamination of the integrated TSV

structures [7]–[10]. In some other cases, the stresses around

TSVs may affect the carrier mobility due to the piezoresistivity

effect, leading to spatial variation in performance for nearby

electronic devices [11]–[13]. Moreover, extrusion of Cu vias
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Fig. 1. Observations of via extrusion and interfacial delamination in TSV
structures: (a) Via extrusion after thermal cycling [14]; (b) and (c) Interfacial
delamination due to via extrusion [16].

out of Si surface is frequently observed in the TSV structures

undergoing high temperature excursion [14]–[17] as shown in

Fig. 1. The via extrusion can cause interfacial failure of a TSV

and/or cracking in Si near the lower end of TSVs during the

thermal processing [16].

To assess the interfacial reliability of TSV structures, we

present an analytical approach, which combines a cohesive

zone model with a shear-lag model to describe the debonding

process. The via extrusion is predicted as a function of the

temperature and compared with experimental data. Two critical

temperatures are identified from the analytical solution and are

compared with finite-element analysis.

II. COHESIVE ZONE MODEL (CZM)

Cohesive zone models (CZMs) have been widely employed

to study the failure processes including nucleation and growth

of interfacial cracks [18]–[25]. In the CZM approach, the

constitutive behavior of an interface is described by a nonlinear

traction-separation law. Various forms of the traction-separation

law have been used, such as the perfect plasticity model [22],

smooth nonlinear model [23], trapezoidal model [24], and bi-

linear or triangular model [25]. In the present study, the bilinear

traction-separation law (Fig. 2) is employed.

During via extrusion, the interfacial failure is primarily in

mode II (shearing mode) [7]. The shear traction at the interface

is related to the sliding displacement along the tangential di-

rection by the traction-separation law. Starting from an intact

interface, the shear traction first increases linearly with the

sliding displacement, with an initial stiffness K0. At a critical

displacement, the shear traction reaches its maximum, τmax,

after which the shear traction decreases with further sliding

due to damage accumulation at the interface. Eventually, the

1530-4388 © 2013 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
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Fig. 2. The bilinear traction-separation law.

shear traction becomes zero at another critical displacement,

δf , after which the traction remains zero as the interface has

been fractured. The total work done to fracture the interface is

the fracture energy or interface toughness, represented by the

area under the traction-separation curve, namely

Γ =
1

2
τmaxδf . (1)

The bilinear traction-separation law assumes a linear elastic

behavior before the sliding displacement reaches the first criti-

cal value, δi = τmax/K0. For δi < δ < δf , a damage variable,

D, is defined to describe the damage evolution at the interface

through the concept of elastic stiffness degradation [26]

D =
δf (δmax − δi)

δmax(δf − δi)
(2)

where δmax refers to the maximum separation attained during

the loading history. The damage variable, D, evolves from 0

at point A to 1 at point C in Fig. 2. In between (point B),

the interface is partly damaged (0 < D < 1), and the shear

traction is

τ = (1 −D)Koδ. (3)

Combining (2) and (3) gives that the shear traction decreases

linearly with the displacement δ for δi < δ < δf

τ = τmax

δf − δ

δf − δi
. (4)

During unloading, δmax remains constant, and so does D.

The damage is assumed to be irrecoverable. Therefore, the

shear traction decreases linearly as the separation decreases,

with the slope K = (1 −D)K0, as illustrated by the dashed

line in Fig. 2.

III. SHEAR-LAG MODEL FOR TSV

A classical shear-lag model [27], [28] is employed as an

analytical approach to predict initiation and propagation of

the interfacial cracks in TSV structures. As shown in a previ-

ous study [7], the TSV interface may fracture under different

modes, depending on the thermomechanical processes (heating

or cooling). Here, the focus is on a TSV structure with a positive

thermal load (∆T > 0), for which the interfacial fracture is

primarily mode II (shearing mode). For the TSV structures,

dielectric oxide and thin barrier layers are commonly deposited

Fig. 3. Schematic of a shear-lag model for a symmetric TSV structure.

on the side wall. These layers are relatively thin (less than

0.4 µm) and thus have little effect on stress distribution in the

via and Si. However, those interfacial layers could affect the

interfacial properties between the via and Si, which may be

taken into account by the parameters in the traction-separation

law. In the present study, the oxide and barrier layers are

ignored, while the effects of interfacial properties are analyzed.

Consider a TSV structure as shown in Fig. 3. The wafer

thickness (or via height) is H , and the via diameter is Dvia.

By symmetry, only half of the wafer is considered, with the

coordinate ξ measured from the midplane of the wafer. The

TSV structure is assumed to be stress free at a reference

temperature. As the temperature increases, the CTE mismatch

between the via and Si induces thermal stresses in the via and

the surrounding material. The interface between the via and

Si first deforms elastically, followed by damage initiation

and eventually delamination. The interface may be divided into

three regions: intact (I), cohesive (II), and debonded (III). Let

l1 be the distance from the midplane to the boundary between

Region I and Region II, and l2 the distance from the midplane to

the boundary between Region II and Region III. The interface

is initially intact with l1 = l2 = H/2. As ∆T increases, a

cohesive region first emerges from the free surface, followed

by the debonded region. As the two regions grow, l1 and l2
decrease.

By the shear-lag model, the axial stress in the via (σvia) is

related to the axial displacement (uvia) as

σvia = Evia

(

duvia

dξ
− αvia∆T

)

(5)

where Evia and αvia are the Young’s modulus and CTE of the

via material, respectively.

By the equilibrium condition, the shear traction at the inter-

face is

τ =
Dvia

4

dσvia

dξ
. (6)

By the cohesive zone model, the shear traction is related

to the sliding displacement by (3), with the damage variable

D taking different values in the three regions. The sliding

displacement at the interface is

δ = uvia − usub = uvia − ξαsub∆T (7)

where usub is the axial displacement of the Si wafer, and αsub

is CTE of Si.
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Combining (5)–(7) leads to a single equation for the sliding

displacement:

EviaDvia

4

d2δ

dξ2
= τ(δ) (8)

where the right-hand side is given by the traction-separation

relation of the interface.

A. Stage I: Intact Interface

In this stage, the entire interface is intact (D = 0). Thus, the

shear traction is linearly related to the separation,

τ = K0δ. (9)

Inserting (9) into (8) leads to

d2δ

d2ξ
=

4K0

EviaDvia

δ. (10)

Solving (10) with the boundary conditions: (1) σvia = 0 at ξ =
H/2, and (2) uvia = 0 at ξ = 0, we obtain

δ =
λ (αvia − αsub)∆T

cosh
(

H
2λ

) sinh

(

ξ

λ

)

(11)

where λ =
√

EviaDvia/4K0 is a length scale. Correspond-

ingly, the axial stress in the via is

σvia = Evia(αvia − αsub)∆T

⎡

⎣

cosh
(

ξ
λ

)

cosh
(

H
2λ

) − 1

⎤

⎦ . (12)

For the interface to be intact, the maximum separation at

ξ = H/2 must be less than δi. Thus, the critical temperature

for damage initiation at the interface is

∆Tc1 =
δi

λ (αvia − αsub)
coth

(

H

2λ

)

. (13)

B. Stage II: Partially Damaged Interface With Regions I and II

When ∆T > ∆Tc1, a cohesive region emerges from the

surface with l1 < H/2. At ξ = l1, the sliding displacement δ =
δi. Thus, in Region I (0 < ξ < l1), the sliding displacement is

obtained by solving (10) with the boundary condition at ξ = l1,

which is

δ =
sinh

(

ξ
λ

)

sinh
(

l1
λ

) δi. (14)

Correspondingly, the axial stress in the via is

σvia=Evia

⎡

⎣

cosh
(

ξ
λ

)

sinh
(

l1
λ

)

δi
λ
−(αvia−αsub)∆T

⎤

⎦ (0<ξ<l1).

(15)

In Region II (l1 < ξ < H/2), the interface is partially dam-

aged, with the damage variable, D, by (2). The shear stress at

the interface is given by (4). Inserting (4) into (8), we obtain

EviaDvia

4

d2δ

dξ2
= −A(δ − δf ) (16)

where A = τmax/δf − δi.
Equation (16) is solved with the following boundary con-

ditions: (1) σvia = 0 at ξ = H/2, and (2) δ = δi at ξ = l1.

Moreover, to determine l1, the continuity condition is applied

for the axial stress in the via, i.e., σvia(ξ = l+1 ) = σvia(ξ = l−1 ).
These conditions lead to

δ=δf + C1a sin

(

ξ−l1
a

)

+ C2a cos

(

ξ−l1
a

)

(l1≤ξ≤H/2)

(17)

where C1 = δi/λ coth(l1/λ), C2 = δi − δf/a, and a =
√

EviaDvia/4A is another length scale. The length l1 is given

implicitly by the following equation:

C1 cos

(

H/2−l1
a

)

−C2 sin

(

H/2−l1
a

)

=(αvia−αsub)∆T.

(18)

As ∆T increases (∆T > ∆Tc1), l1 decreases and the cohesive

zone size (lcz = H/2 − l1) increases. Eventually, at another

critical temperature (∆Tc2), an interfacial crack is initiated

with a fully debonded region (Region III) emerging from the

free surface. This critical temperature is predicted by setting

the sliding displacement at ξ = H/2 to be δf , namely

C1 sin

(

H/2 − l1
a

)

+ C2 cos

(

H/2 − l1
a

)

= 0. (19)

Combining (18) and (19), we obtain an equation for the second

critical temperature ∆Tc2

(αvia − αsub)∆Tc2 sin

(

H/2 − l1(∆Tc2)

a

)

=
δf − δi

a
.

(20)

C. Stage III: Partially Fractured Interface With Regions I, II,

and III

When ∆T > ∆Tc2, an interfacial crack would grow along

with a cohesive region, as illustrated in Fig. 3. In Region I (0 <
ξ < l1), the sliding displacement and the axial stress in the via

take the same form as for Stage II. In Region II (l1 < ξ < l2),
however, the boundary conditions are different from Stage II.

By the continuity condition, we have: (1) σvia = 0 at ξ = l2,

and (2) δ = δf at ξ = l2. The sliding displacement in Region II

is then obtained in a similar form

δ=δf+C1a sin

(

ξ − l1
a

)

+C2a cos

(

ξ − l1
a

)

(l1 ≤ ξ ≤ l2).

(21)

The continuity conditions at ξ = l2 requires that

C1 cos

(

l2−l1
a

)

−C2 sin

(

l2−l1
a

)

=(αvia−αsub)∆T (22)

C1 sin

(

l2−l1
a

)

+C2 cos

(

l2−l1
a

)

= 0 (23)
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which can be solved simultaneously to determine l1 and l2, both

decreasing with ∆T . The cohesive zone size (lcz = l2 − l1)
remains a constant for ∆T > ∆Tc2.

In Region III (l2 < ξ < H/2), the damage variable, D = 1,

and the shear traction τ = 0. Thus, this part of the via is not

constrained by the Si wafer and thus deforms freely by thermal

expansion. By (8), the sliding displacement increases linearly

with ξ, i.e.,

δ = δf + (ξ − l2)(αvia − αsub)∆T. (24)

Correspondingly, the axial stress in the via is zero for l2 <
ξ < H/2.

IV. CRITICAL TEMPERATURES FOR DEBONDING

Two critical temperatures are predicted by the cohesive zone

model for interfacial failure of the TSV. For the convenience

of discussion, the physical and geometrical parameters are

normalized as follows:

Temperature change: ∆T = (αvia − αsub)∆T (25)

Interfacial strength: τmax =
τmax

Evia

(26)

Interfacial Stiffness: K0 =
K0Dvia

Evia

(27)

Interfacial Toughness: Γ =
Γ

EviaDvia

(28)

Via height (aspect ratio): H =
H

Dvia

. (29)

The first critical temperature defines the temperature change

when an initially intact TSV structure starts to accumulate

damage at the interface, forming a cohesive zone near the free

surface. By (13), the critical temperature after normalization

can be expressed as a function of three dimensionless param-

eters, H , τmax, and K0

∆T c1 =
2τmax
√

K0

coth

(

H

√

K0

)

. (30)

Note that the first critical temperature (for damage initiation)

is independent of the interfacial toughness, but depends on the

interfacial strength and the aspect ratio of the via. In the limiting

case for a high aspect ratio, H ≫ 1, we have approximately

∆T c1 ≈
2τmax
√

K0

. (31)

The second critical temperature defines the temperature

when an interfacial crack starts to nucleate from the cohe-

sive zone with a fully debonded region. By (20), the critical

temperature is given implicitly. After normalization, it can be

expressed as a function of four dimensionless parameters, H ,

Γ, τmax, and K0

∆T c2 = f(Γ, τmax,K0, H). (32)

Fig. 4. (a) Critical temperatures for interfacial failure of the TSV structure;
(b) Effect of via diameter on the second critical temperature.

Thus, the second critical temperature (for crack initiation) does

depend on the interfacial toughness in addition to the other three

parameters. In the limiting case for a high aspect ratio, H ≫ 1,

we have approximately

∆T c2 ≈

√

8Γ. (33)

Similar results have been obtained previously for fiber-

reinforced composites [29].

For an example, both critical temperatures are calculated

in this section by using the following properties for the TSV

structure with Dvia = 6 µm: Evia = 110 GPa, αvia − αsub =
14.7 ppm/◦C, τmax = 150 MPa, Γ = 2.0 J/m2, and δi =
10 nm. The normalized parameters as defined by (26)–(28) are

τ = 0.0013

K0 = 0.81

Γ = 3 × 10−6. (34)

The two critical temperatures are plotted in Fig. 4(a) as a func-

tion of the via height, H . Both the critical temperatures increase

as H decreases for the case of relatively small via height (H <
20 µm). For larger via height, the critical temperatures become

independent of H . By the approximate solutions in (31) and

(33), the two critical temperatures are 196 ◦C and 333 ◦C for

large via heights (H > 20 µm). It is noted that the normalized

parameters, K0 and Γ, depend on the via diameter (Dvia). As
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Fig. 5. Effect of interfacial toughness on the critical temperature (τmax =

0.0013 and K0 = 0.81).

the via diameter increases, K0 increases and Γ decreases. As a

result, by (31) and (33), both the critical temperatures decrease

if the via height (H) remains relatively large. As shown in

Fig. 4(b), the second critical temperature merges to a same

curve for both via diameters considered when the via height is

small (H < 10 µm), but decreases to a lower level for the larger

via diameter when the via height is large. In particular, consider

a TSV structure subjected to a thermal load, ∆T = 300 ◦C.

By Fig. 4(b), interfacial delamination would not occur in the

smaller via with Dvia = 6 µm, because ∆T < ∆Tc2 for all

via heights. However, for the larger via with Dvia = 20 µm,

interfacial delamination would occur if the via height is greater

than a critical value (H > 20 µm).
The critical temperatures could be much lower for TSVs with

larger diameters, as shown in Fig. 4(b). For relatively large via

height (H ≫ 1), both the critical temperatures are inversely

proportional to the square root of Dvia, as predicted by (31)

and (33). Furthermore, the effects of interfacial properties, such

as toughness and strength on the critical temperatures, were

investigated. Fig. 5 shows that the second critical temperature

becomes lower as the interfacial toughness decreases. In con-

trast, the first critical temperature is independent of the tough-

ness as predicted by (30). In a previous study, we observed TSV

extrusion due to local plastic deformation in the Cu vias [14].

Toughness can be enhanced by material plasticity since plastic

deformation dissipates energy around the crack tip. Therefore,

the second critical temperature would increase in the presence

of plastic deformation, and interfacial delamination would be

suppressed when ∆T < ∆Tc2.

The effect of interfacial strength on the critical temperature

is shown in Fig. 6. The first critical temperature increases with

increasing interfacial strength [Fig. 6(a)]. However, the second

critical temperature shows an opposite trend. For a fixed inter-

facial toughness, the second critical temperatures for different

interfacial strengths converge to the same value for sufficiently

large aspect ratios (H ≫ 1), as predicted by (33) [Fig. 6(b)].

For relatively small aspect ratios, the second critical tempera-

ture depends on the interfacial strength. By the bilinear traction-

separation relation (Fig. 2), for the same toughness, a higher

interfacial strength results in a smaller critical sliding separation

(δf ) at the final failure. Consequently, the second critical tem-

Fig. 6. Effect of interfacial strength on the critical temperatures (Γ = 3 ×

10−6 and K0 = 0.81): (a) First critical temperature; (b) Second critical
temperature.

perature decreases with increasing interfacial strength. The size

of the cohesive zone reaches a steady state when ∆T > ∆Tc2,

which decreases with increasing interfacial strength. If the

cohesive zone size is small compared to the via depth (small-

scale bridging), the result becomes independent of the strength.

However, when the cohesive zone size is comparable to the

depth (large-scale bridging), the second critical temperature

decreases with decreasing cohesive zone size. Therefore, in

general, both the strength and the toughness of the interface

are needed to determine the interfacial reliability in the TSV

structures.

V. VIA EXTRUSION

The sliding displacement at the wafer surface may be ob-

served as via extrusion. By the combination of the cohesive

zone model and the shear-lag model, the sliding displacement

at the surface (ξ = H/2) is determined as a function of the

thermal load (∆T ). In Stage I (∆T < ∆Tc1), by (11), the

extrusion displacement is

δ̂ = λ (αvia − αsub)∆T tanh

(

H

2λ

)

. (35)

In this stage, since the interface remain intact, the extrusion

displacement depends on the elastic properties of the via and
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Fig. 7. Via extrusion displacement for various aspect ratios (a) after first
critical temperature; (b) after second critical temperature by the shear-
lag model; (c) via extrusion observed for various annealing temperatures
(Source: [16]).

interface only, which is relatively small (δ̂ < δi). In Stage II

(∆Tc1 < ∆T < ∆Tc2), the extrusion displacement at the sur-

face is given by

δ̂ = δf − (δf − δi) cos

(

H/2 − l1
a

)

+
δia

λ
coth

(

l1
λ

)

sin

(

H/2 − l1
a

)

(36)

where l1 is a function of ∆T by (18). Finally, in Stage III

(∆T > ∆Tc2), the extrusion displacement is

δ̂ = δf +

(

H

2
− l2

)

(αvia − αsub)∆T (37)

Fig. 8. (a) Via extrusion for various via heights and diameters; (b) Experi-
mental observation of via extrusion and interfacial delamination for different
via diameters and depths (Source: [16]).

where l2 is a function of ∆T obtainable by solving (22) and

(23) simultaneously.

Fig. 7 plots the extrusion displacement as a function of the

thermal load. The extrusion displacement increases linearly

during Stage I. At the first critical temperature [196 ◦C accord-

ing to the result in Fig. 4(a)], the extrusion displacement kinks

up to increase more rapidly in Stage II. At the second critical

temperature (333 ◦C), the extrusion displacement increases

abruptly due to crack nucleation at the interface. Similar trend

for via extrusion was observed experimentally by Kang, et al.

[16], as shown in Fig. 7(c). Furthermore, the extrusion displace-

ment increases with the normalized via height, which suggests

that wafer thinning (or reduction of the TSV height) can help

reduce via extrusion.

Via extrusion for various via diameters and heights (or

depths) is analytically calculated with ∆T = 300 ◦C [Fig. 8(a)].

The numbers in the bubble plot indicate the magnitude of

via extrusion (unit: µm). It was found that serious interfacial

delamination could occur for the vias with relatively large

diameters and heights. Kang et al. reported experimental data

for via extrusion due to interfacial delamination [16]. The

experimental trend in the study [Fig. 5(b)] is consistent with

the prediction by the analytical model in the present study even

though the numbers in the axes were not provided.

VI. FINITE-ELEMENT ANALYSIS (FEA)

Finite-element models have been developed using ABAQUS

to simulate the initiation and growth of interfacial delamination

in the TSV structure. All the constituent materials are assumed
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Fig. 9. Simulation of via extrusion during heating process: (a) ∆T = 100 ◦C;
(b) ∆T = 280 ◦C; (c) ∆T = 350 ◦C.

to be linear elastic, while the interface between the via and

Si is modeled by cohesive elements with the bilinear traction-

separation relation. In the present study, an axisymmetric FEA

model was used for computational efficiency. For the calcula-

tion, the material properties listed in (34) were used. The via

and Si parts were meshed with 0.1 × 0.06 µm2 axisymmetric

element (CAX4R), while the interface was modeled with a

layer of cohesive element (COHAX4). Fig. 9 shows the debond-

ing process with increasing temperature. As expected from

the analytical solution, the via extrusion dramatically increases

after the second critical temperature [Fig. 9(c)].

Fig. 10(a) plots the interfacial damage variable, D along

the depth (z/Dvia) from the FEA model with a fixed height

(H/Dvia = 10) for different thermal loads. The damage vari-

able remains zero everywhere until the first critical temperature

is reached. As predicted by the shear-lag model, the interfacial

behavior follows the linear elastic traction-separation relation

in Stage I (∆T < ∆Tc1). For ∆T > ∆Tc1, a damage zone

Fig. 10. Damage evolution with increasing temperature, ∆T : (a) Damage
variable vs. depth; (b) Damage variable at z = 0 vs. temperature (the red dashed
lines indicate the two critical temperatures obtained from the shear-lag model).

emerges with 0 < D < 1 and grows along the interface. The

maximum damage variable at the surface/interface junction

(z = 0) is less than 1 for ∆T < 326 ◦C. At the second critical

temperature (∆Tc2 = 326 ◦C), a crack is nucleated with D = 1

at the surface/interface junction. Subsequently, the crack grows

along the interface with a steady-state damage zone ahead of

the crack tip. Fig. 10(b) plots the interfacial damage variable

at the surface/interface junction (z = 0) as a function of the

temperature change, which shows clearly the two critical tem-

peratures. For comparison, the critical temperatures predicted

by the shear-lag model are indicated by the vertical dashed

lines in Fig. 10(b). Apparently, the first critical temperature is

∼200 ◦C according to the analytical solution, which is lower

than the FEA calculation (∼280 ◦C). On the other hand, the

second critical temperature predicted by the shear-lag model is

in good agreement with the FEA result. The shear-lag model

predicts it to be 333 ◦C at H/Dvia = 10, while the FEA model

predicts 326 ◦C. Moreover, Fig. 11 compares the via extrusion

displacement obtained from the FEA model with the prediction

by the shear-lag model. The differences between the two mod-

els can be attributed to the nonuniform stress distribution in the

via as shown in Fig. 9.

It is noted that the present study has assumed linear elasticity

for the via material and Si in both the analytical model and
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Fig. 11. Via extrusion displacement with increasing temperature.

the FEA analysis. Previous studies [14], [15] have observed

inelastic behaviors such as grain growth and plasticity in Cu

vias at high temperatures. In particular, via extrusion may

occur as a result of local plastic deformation near the interface

without delamination. Nevertheless, by considering interfacial

delamination as a potential failure mode of the TSV structure,

the results from the analytical model and the FEA analysis

are qualitatively in good agreement with experimental obser-

vations. Further studies would consider the effects of inelastic

material behaviors as well as other failure modes.

VII. SUMMARY

For the study of the interfacial reliability in TSVs, an ana-

lytical approach combining a cohesive zone model and a shear-

lag model is developed and compared with FEA simulations.

Three distinct stages are discussed for the interfacial behavior.

Two critical temperatures are predicted for damage initiation

and crack nucleation, respectively. The effects of the material

parameters and the via dimensions on the critical temperatures

and the associated via extrusion are elucidated.
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