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Three-dimensional integration with through-silicon vias (TSVs) has emerged as an effective solution

to overcome the wiring limit imposed on device density and performance. However, thermal stresses

induced in TSV structures raise serious thermomechanical reliability concerns. In this paper, we

analyze the near-surface stress distribution in a TSV structure based on a semi-analytic approach and

finite element method, in comparison with micro-Raman measurements. In particular, the depth

dependence of the stress distribution and the effect of elastic anisotropy of Si are illustrated to

properly interpret the Raman data. The effects of the surface oxide layer and metal plasticity of the via

material on the stress and Raman measurements are discussed. The near-surface stress characteristics

revealed by the modeling and Raman measurements are important for design of TSV structures and

device integration.VC 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.3696980]

I. INTRODUCTION

Three-dimensional (3D) integration has emerged as an

effective approach to overcome the wiring limit imposed on

chip performance, density and power consumption beyond

the current technology.1–4 Through-silicon vias (TSVs) are

important elements for 3D integration providing direct die-

to-die connections to form stacked structures. However,

there are mechanical stresses due to the introduction of these

elements, which may become critical for function and reli-

ability of the chips. For example, the thermal expansion mis-

match between a typical copper (Cu) TSV and silicon (Si)

can induce thermal stresses sufficiently high to cause failure

of the integrated TSV structures due to cracking or interfa-

cial delamination.5–10 Moreover, the stresses around TSVs

may degrade the performance of nearby electronic devices

through the piezoresistivity effect.11,12 It is thus essential to

measure and analyze the stress characteristics in the TSV

structures. Among several potential techniques, the micro-

Raman spectroscopy appears particularly promising and was

recently applied to measure the local stress distribution in Si

near Cu TSVs.13–15 This method is a spectroscopic technique

where the stress magnitude is deduced from the frequency

shift of the impinging laser light as a result of inelastic scat-

tering by Si lattice.16–18 The lateral resolution of micro-

Raman spectroscopy is in the order of 0.5 lm, depending on

the laser wavelength and the substrate lattice.18 For Si, the

Raman penetration depth ranges up to �2 lm, again depend-

ing on the laser wavelength. Moreover, this technique can be

used to measure the near-surface stresses in Si around TSVs

even with an oxide layer covering the wafer surface because

the laser can penetrate the oxide layer with nearly 95%

transparency.

In this paper, we present micro-Raman measurements

along with numerical analyses of the near-surface stress dis-

tribution in a TSV structure. Section II briefly reviews the

theory of Raman spectroscopy for stress measurement. Sec-

tion III describes the TSV specimen and the results of micro-

Raman measurements. A detailed stress analysis is presented

in Sec. IV, based on a semi-analytical approach for an iso-

lated TSV and the finite element method for a periodic array

of TSVs. In Sec. V, the numerical results are compared to

the Raman measurements, and the effects of the surface

oxide layer and metal plasticity in the Cu vias are discussed.

II. THEORYOF RAMAN SPECTROSCOPY

The effect of strain (eij) on the Raman modes in (001)

silicon is described by the secular equation19

pe11þqðe22þe33Þ 2re12 2re13
2re12 pe22þqðe33þe11Þ 2re23
2re13 2re23 pe33þqðe11þe22Þ

�

�

�

�

�

�

�

�

�

�

�

�

�kI¼0;

(1)

where p, q, and r are material parameters representing the

phonon deformation potential. For a unstrained silicon, there

are three degenerated Raman modes with the same frequency

(x0 � 520:8 cm�1) but different polarizations:20 two trans-

verse optical modes (TO) and one longitudinal optical (LO)

mode. With strain, the three optical modes in general have

different frequencies (xi) and different intensities (Ii), corre-

sponding to three Raman peaks. The eigenvalues of the

secular equation predict the Raman frequency shifts,

Dxi ¼ xi � x0 � ki=ð2x0Þ. The intensity of the Ramana)Electronic mail: ruihuang@mail.utexas.edu.
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signal for each optical mode depends on the polarization vec-

tors of the incident and scattered light. Most Raman systems

have a backscattering configuration, where the incident light

is nearly perpendicular to the sample surface. For backscat-

tering from (001) silicon, only one of the three Raman modes

is observable.

For the TSV specimen as illustrated in Fig. 1(a), the

near-surface stress in Si is approximately biaxial, represented

as (rr; rh) in a cylindrical coordinate for the radial and cir-

cumferential stresses.10 For Raman scanning along the [110]

direction, the frequency shift for the observable Raman

mode is related to the stress components as

Dx3 ¼
k3

2x0

¼
pS12 þ qðS11 þ S12Þ

2x0

ðrr þ rhÞ; (2)

where S11 and S12 are components of the elastic compliance

tensor. Thus, the sum of the two stress components can be

measured from the Raman shift. To determine the effective

proportionality factor between the Raman shift and the stress

sum for the specific experimental conditions, calibration

measurements by high-resolution X-ray diffraction (XRD)

on an equibiaxially stressed film system were conducted,

yielding the relation13

rr þ rh ðMPaÞ ¼ � 470Dx3ðcm
�1Þ: (3)

The obtained sensitivity factor corresponds to phonon defor-

mation potential parameters in between of the theoretical

values derived by Chandrasekhar et al.21 and Anastassakis

et al.22 Note that the reference frequency x0 also depends on

the system calibration, typically with 60:02 cm�1 spectral

resolution, which corresponds to a stress resolution of

�10 MPa.23,24 In the present study, this quantity was deter-

mined at positions far away from the TSVs assuming that the

stress there was below the minimum detection level.

III. EXPERIMENT

The TSV specimen used in the present study consists of

a periodic array of Cu vias of diameter D ¼ 10lm in a (001)

Si wafer, with the pitch distances of 40 lm in ½110� direction
and 50 lm in the perpendicular direction. The TSV structure

near the wafer surface is schematically shown in Fig. 1(a).

An oxide layer of about 0.4 lm thickness and a thin Ta bar-

rier layer were deposited on the sidewall between the via and

Si. The surface of the Si wafer was covered by an oxide layer

of about 0.8 lm thickness; for some measurements the sur-

face oxide layer was mechanically polished off. The wafer

thickness was 700 lm, and the via depth was around 55 lm.

A Jobin Yvon spectrometer HR800 was used for the

Raman measurements, equipped with 442 nm Ar excitation

laser and a focused spot size of about 0.8 lm by a 100�
objective (NA ¼ 0.9). The lateral resolution of the Raman

measurements also depends on the laser scanning step, which

was between 0.1 and 0.5 lm in the present study. The pene-

tration depth (d) of the laser radiation is approximately 200

nm into Si in this case. Figure 1(b) shows the measured

Raman intensity and frequency around two neighboring vias

obtained by a line scan along the [110] direction, and Fig.

1(c) shows a representative Raman spectrum. The effects of

laser power on the full-width at half-maximum (FWHM) and

the signal-to-noise ratio were measured in order to determine

the optimum laser power for the Raman measurements. In

particular, the laser power was reduced by filters to a level

that heating of the Si (in principle visible as line shift and

broadening) was below the detection limit. The suitable laser

power density was found to be around 2 mW=lm2. In Fig.

1(b), the drop in the intensity of the Raman signal indicates

the locations of the Si=TSV interface. Close to the interface,

the Raman frequency first drops and then rises abruptly.

FIG. 1. (a) Schematic of a fully filled TSV structure near the wafer surface;

(b) measured Raman intensity (unfilled symbols) and frequency (filled sym-

bols) around two Cu vias in a periodic array; (c) a representative Raman

spectrum.
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With Eq. (3) and a calibrated reference frequency x0, the

sum of the two principal stresses in Si can be deduced

directly from the Raman frequency shift, which presumably

is a volume average over the region defined by the area of

the focused spot and the penetration depth of the laser. As

shown in a previous study, the near-surface stress field

induced by differential thermal expansion around a TSV is

nonuniform in both in-plane and depth directions.10 There-

fore, it is important to interpret the micro-Raman measure-

ment along with a detailed stress analysis.

IV. ANALYSIS OF NEAR-SURFACE STRESSES

The stresses in the TSV structures may result from both

thermal and athermal contributions.25 However, the athermal

contribution is typically process dependent, which is unknown

for the TSV specimen as received in the present study. To

account for the athermal effect, we take an empirical approach

by assuming a reference temperature at which the specimen is

stress free. The choice of the reference temperature was based

on curvature measurements of bending beam specimens with

similar TSV materials and structures reported in a previous

study.26 The near-surface stresses of the TSV specimen are

then calculated by taking the thermal load (DT) from the refer-

ence temperature to the room temperature (�30 �C).

First, as a semi-analytical approach, the stress field

induced by differential thermal expansion around a circular

via embedded in a Si wafer can be obtained approximately

by the method of superposition. The result consists of a 2D

plane-strain solution to the classical Lame problem subjected

to a thermal load (DT) and a 3D near surface solution due to

a surface pressure.27 Together, the stress components are

obtained in an integral form:10

rrðr; zÞ ¼
�EeT

2ð1� vÞ

D

2r

� �2

�
EeT

2pð1� �Þ

ðD
2

0

ð2p

0

1� 2v

R2 þ Rz
�
3zðR2 � z2Þ

R5

� �

cos2 b

�

þ
z

R3
�

1

R2 þ Rz

� �

ð1� 2�Þ sin2 b

�

q dq dh; (4)

rhðr; zÞ ¼
EeT

2ð1� vÞ

D

2r

� �2

�
EeT

2pð1� �Þ

ðD
2

0

ð2p

0

1� 2v

R2 þ zR
�
3zðR2 � z2Þ

R5

� �

sin2 b

�

þ
z

R3
�

1

R2 þ zR

� �

ð1� 2�Þ cos2 b

�

qdqdh; (5)

rzðr; zÞ ¼
EeT

1� �
�1þ

ð2p

0

ðD
2

0

3z3qdqdh

2pR 5

" #

; (6)

rrzðr; zÞ ¼
EeT

1� �

ð2p

0

ðD
2

0

3z2ðr � qcoshÞq dq dh

2pR 5
; (7)

where R ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

z2 þ r2 þ q2 � 2qrcosh
p

, b ¼ tan�1ððqsinhÞ=
ðr � qcoshÞÞ , and eT ¼ ðaf � amÞDT is the thermal mis-

match strain. A cylindrical coordinate is used with z ¼ 0 at

the wafer surface and r ¼ 0 at the via center [see Fig. 1(a)].

Here we have assumed that the via material has the same

elastic modulus as Si and have ignored other materials such

as the oxide layers. The material parameters, a, E, �, are the
coefficient of thermal expansion (CTE), Young’s modulus,

and Poisson’s ratio, with the subscripts f and m for the via

(fiber) and Si (matrix), respectively. For quantitative calcula-

tions, the following material parameters were used:

Ef ¼ Em ¼ E ¼ 130GPa, vf ¼ vm ¼ v ¼ 0:28, and the CTE

mismatch, Da ¼ af � am ¼ 14:7 ppm=�C. Furthermore, a

thermal process of cooling from a reference temperature

down to the room temperature with DT ¼ �100 �C is

assumed. Figure 2(a) shows the near-surface stress compo-

nents at z ¼ 0.2 lm. Clearly, the radial and circumferential

stresses in Si are dominant, while the other stress compo-

nents are negligibly small except for the locations very close

to the TSV=Si interface. Thus, the stress state in Si is nearly

biaxial at this depth. Moreover, the radial and circumferen-

tial stresses are in opposite signs, with relatively high magni-

tudes near the TSV=Si interface and approaching zero far

away from the via.

FIG. 2. Near-surface stresses around an isolated TSV predicted by the

semi-analytical solution (DT ¼ �100 �C and D ¼ 10 lm). (a) Stress com-

ponents at z ¼ 0.2 lm; (b) sum of the in-plane normal stresses at different

depths.
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With Eqs. (4) and (5), the sum of the radial and circum-

ferential stresses is obtained as

rr þ rh ¼
�EeT

2pð1� �Þ

ðD
2

0

ð2p

0

3z3

R5
�
2ð1þ �Þz

R3

� �

q dq dh : (8)

It is found that, while the stress sum is identically zero both

at the wafer surface (z ¼ 0) and far away from the surface

(z ! 1), it varies with the depth (z) in the near-surface

region as shown in Fig. 2(b). The stress sum is negative

everywhere for z> 0 and r > D=2, whereas the magnitude

decays monotonically as r increases and diminishes far away

from the via. Since the two stress components have opposite

signs as shown in Fig. 2(a), the magnitude of their sum is rel-

atively small. Near the wafer surface (z< 2 lm), the magni-

tude of the stress sum increases with increasing depth. This

suggests that the Raman signal depends on the laser penetra-

tion depth, which in turn depends on the laser wavelength.28

On the other hand, while the stress magnitude is increasingly

high approaching the Si=TSV interface, the Raman signal as

shown in Fig. 1(b) becomes noisy due to the reduction in the

Raman intensity. Thus, the Raman data very close to the

interface shall be interpreted with caution.

Next, we lift the two major assumptions made in the

semi-analytical solution by numerical analyses based on the

finite element method. First, the heterogeneous materials in

the TSV structure are considered with different elastic mod-

uli for the via material and the oxide layer, both taken to be

linear elastic and isotropic, with Ef ¼ 110GPa and vf ¼
0:35 for the Cu via, and Eo ¼ 70GPa and vo ¼ 0:16 for the

oxide layer. The thin Ta layer on the sidewall has negligible

effect on the stress state in Si, thus ignored in the finite ele-

ment analysis (FEA). Second, the elastic anisotropy of Si is

taken into account by using the anisotropic elastic constants

for Si crystal.29 A three-dimensional model is constructed

using the commercial finite-element package, ABAQUS

(v6.8). As shown in Fig. 3(a), the FEA model consists of

three different materials (Cu, oxide, and Si), without the sur-

face oxide layer; the effect of surface oxide layer is dis-

cussed in the next section. To simulate the periodic TSV

array used for the Raman measurements, symmetric bound-

ary conditions are applied to the side faces in [110] and [

1�10] directions with different pitch distances (40 and 50 lm,

respectively). Furthermore, by symmetry, only a quarter of

the via is modeled. To further reduce the computational

model size, the wafer thickness is taken to be 100 lm in the

FEA model instead of 700 lm in the real specimen, while

the TSV depth is 55 lm. The top surface is traction free, and

the out-of-plane displacement (z-direction) at the bottom sur-

face is set to be zero. With such a boundary condition,

increasing the wafer thickness has negligible effect on the

near-surface stress distribution. Linear 3D solid elements

(C3D8R) are used, with a relatively fine mesh near the wafer

surface (element size ¼ 0.1 lm in the thickness direction

and 0.2 lm in the lateral direction) and an increasingly

coarse mesh away from the surface and TSV.

The contours of the stress sum, rr þ rh, calculated at

the depth z ¼ 0.2 lm are shown in Figs. 3(b) and 3(c). For

comparison, Fig. 3(b) shows the result from an isotropic Si

model with Em ¼ 130GPa and vm ¼ 0:28, where the stress

field is axi-symmetric with concentric circular contours for

the stress sum. Unlike the results for an isolated TSV shown

in Fig. 2(b), the stress sum in Si becomes positive except for

the regions very close to the via, due to the interaction

between neighboring vias in the periodic array. Using the

anisotropic elastic property for the (001)Si, the stress distri-

bution as shown in Fig. 3(c) exhibits a four-fold symmetry,

reflecting the cubic symmetry of the Si crystal. Due to the

FIG. 3. (a) Part of the 3D FEA model

showing a quarter of the Cu via (or-

ange) embedded in Si (blue) along with

a thin oxide layer (green) at the inter-

face. (b) and (c) Show distributions of

the stress sum (rr þ rh) near the wafer

surface (z ¼ 0.2 lm) for an isotropic

Si model and an anisotropic (001) Si

wafer, respectively.
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different pitch distances in the [110] and [ 1�10] directions,

the stress variation is slightly different in the two directions.

This result suggests that, due to the elastic anisotropy of Si

and the via�via interactions, the near-surface stress meas-

ured by Raman spectroscopy could depend on the direction

of Raman scanning. To quantitatively examine the direc-

tional dependence of the Raman signal for the (001) Si wa-

fer, we show in Fig. 4 the stress sum along different

directions of line scanning, by varying the angle h from the

[110] direction. In particular, we note that, along the [110]

direction (h ¼ 0�), the magnitude of the stress sum reaches a

positive peak at r � 10lm. The magnitude of the positive

peak stress is around 30 MPa. A previous study has reported

qualitatively similar variation of the stress by Raman meas-

urements, but with a higher positive peak stress (�50

MPa).15 Among all the directions shown in Fig. 4, relatively

strong Raman signal is expected along the [110] direction.

However, the difference among all angles is less than 20

MPa, close to the stress resolution for the Raman measure-

ment. Thus it may be practically difficult to measure the

directional dependency using the Raman spectroscopy.

V. DISCUSSION

A. Comparison between Raman and FEA results

Using Eq. (3), the measured Raman frequencies can be

converted to the stress sum. To determine the reference fre-

quency, x0, the Raman scans were not only performed

between the vias but also extended to the bare silicon surface

far away from the vias, where the stress sum is expected to

be zero. As shown in Fig. 5(a), the average Raman frequency

obtained from the far-field measurement gives the reference

frequency, x0 ¼ 520:39 cm�1. For this measurement, the

surface oxide layer on the TSV sample was mechanically

polished, and the sample was subsequently subject to an

anneal step at 200 �C. All the Raman measurements were

conducted after cooling down to the room temperature.

The Raman data in Fig. 5(a) is similar to those in Fig.

1(b) for the specimen with the surface oxide layer, but the

frequency is slightly lower for the specimen without the sur-

face layer. The effect of surface oxide layer is discussed fur-

ther in the next section. In Fig. 5(b), we convert the

measured Raman frequencies to stresses by Eq. (3) using

x0 ¼ 520:39 cm�1, in comparison with the stresses obtained

from the FEA model. For the FEA model, the materials are

assumed to be linear elastic as described in Sec. IV. As a

result, the stress magnitude from the FEA model depends lin-

early on the temperature change, DT, from the reference tem-

perature to the room temperature (�30 �C). In a separate

study using the bending beam technique,26 the reference tem-

perature for the TSV specimen was determined to be around

100 �C, and thus DT ¼ �70 �C for the Raman measurements.

With DT ¼ �70 �C the results from the FEA model are in

reasonable agreement with the Raman data as shown in

Fig. 5(b). By taking into account the laser intensity attenua-

tion, the stress obtained from the Raman measurement may

be considered as a weighted volume average of the near-

surface stress up to the laser penetration depth.30 In the pres-

ent study, the average stress calculated based on the FEA

results was found to be close to the stress at z ¼ 0.2 lm,

which is taken as the effective depth for the comparison. We
FIG. 4. Directional dependence of the stress distribution for (001) Si wafer

(DT ¼ �100 �C, D ¼ 10 lm, and z ¼ 0.2 lm).

FIG. 5. (a) Measured Raman intensity and frequency for a TSV specimen

with the surface oxide layer polished off. (b) Comparison of the near-surface

stress distribution between Raman measurements and finite element analysis

(DT ¼ �70 �C). Vertical dashed lines indicate the Cu=Si interfaces.
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note that the stress magnitude is relatively low in this case

due to small DT, which makes it difficult for the Raman mea-

surement with the relatively large noise-to-signal ratio.

Additional Raman measurements were performed for

the TSV samples annealed at 300 �C for 1 hour. In this case,

stress relaxation by grain growth in the Cu vias was observed

and the TSV specimen became nearly stress free at 300 �C as

confirmed by the wafer curvature measurements.26 There-

fore, the thermal load was taken to be �270 �C in the FEA-

based thermomechanical analysis. In Fig. 6, the stresses

from the Raman measurements were compared to the FEA

result with DT ¼ �270 �C. For the stress conversion, the

same reference frequency (x0 ¼ 520:39 cm�1) was used.

Compared to Fig. 5, the stress magnitude in Si has increased

due to annealing at 300 �C, which raises the reference tem-

perature for the induced thermal stresses upon cooling down

to the room temperature. It is thus important to note that the

near-surface stresses in the TSV structures as measured by

Raman spectroscopy are process dependent due to the athe-

rmal contributions such as grain growth in the Cu vias, with

important implications for the effect of process temperatures

on the TSV reliability and device performance.

B. Effect of surface oxide layer

Recently, the via-middle approach has gained popularity

for the TSV processing over the via-first or via-last. In this

approach, processing of transistors is performed first, fol-

lowed by the via patterning, oxide deposition, via filling with

Cu, and chemical mechanical polishing (CMP) using oxide

as a CMP stop.31 This section is concerned with the effect of

thin oxide layer from the via-middle process on the stresses

developed at the buried silicon surface, where active compo-

nents are located.

With an oxide layer on the wafer surface as illustrated in

Fig. 1(a), the measured Raman frequencies in Fig. 1(b) were

converted to stresses by Eq. (3), as shown in Fig. 7. Here, a

different reference frequency was used (x0 ¼ 521:44 cm�1)

since this measurement was performed using a different

Raman system. The presence of the oxide layer is not

expected to change the reference frequency. Assuming simi-

lar penetration depth (�0.2 lm) in Si, the stress state meas-

ured by Raman is at z ¼ 1.0 lm from the wafer surface,

which is slightly different from the case without the surface

oxide layer. As shown in Fig. 7, with the surface oxide layer,

the tensile stress is lower and the compressive stress is higher

in Si, according to the FEA model (DT ¼ �100 �C). The

FEA results compare closely with the Raman results except

for a region with 7 lm< r< 10 lm, where the Raman meas-

urements have a peak tensile stress of around 50 MPa. Simi-

lar peak stresses were observed in a previous study.15 The

FEA model without the surface oxide layer does predict a

peak tensile stress of similar magnitude (see Fig. 6). With

the surface oxide layer, however, no peak stress is observed

from the FEA model. The reason for such a discrepancy is

unclear.

C. Effect of plasticity

The thermal stresses in the Cu vias may cause plastic de-

formation, which in turn may influence the stresses in Si. A

finite element model is used to study the effect of plasticity

in the metal vias. The classical metal plasticity model is

adopted for the via material, with rate-independent perfect

plasticity and a von-Mises yield surface for associated plastic

flow. In addition to the elastic properties of Cu, the yield

strength of Cu is specified in the FEA model. For electro-

plated Cu with the grain size of a few microns, previous

studies32 have found that the yield stress (ry) varies between

250 and 100 MPa. Figure 8 compares the result from the

plastic FEA model with that from the previous model assum-

ing all elastic materials. A relatively large thermal load, DT

¼ -300 �C, is assumed in both models. A yield strength, ry ¼
200 MPa, is assumed for the Cu vias in Fig. 8(b). Appa-

rently, plastic yielding leads to much large local deformation

FIG. 6. Comparison of the near-surface stress distribution between Raman

measurements and finite element analysis (DT ¼ �270 �C), for a TSV speci-

men annealed at 300 �C for 1 hour.

FIG. 7. Comparison of the near-surface stress distribution between Raman

measurements and finite element analysis around a Cu TSV in (001) Si

wafer with a surface oxide layer. Vertical dash lines indicate the Cu=barrier
and barrier=Si interfaces.
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of the via. The plastic deformation is largely confined to a

relatively small region close to the junction of the Cu=via
interface and the wafer surface, which causes the via surface

to sink in significantly. Similarly, with a positive thermal

load (DT> 0), via extrusion is predicted due to the local

plastic deformation. The phenomenon of via extrusion has

been observed as a common failure mode for TSV struc-

tures.26,33 The via extrusion could also result from interfacial

delamination.10 However, the local plasticity could reinforce

the interfacial adhesion to prevent delamination,34 while via

extrusion can still occur due to plastic deformation.

As a result of the local plasticity, the stress in Si around

the via changes slightly near the interface but not much else-

where. Figure 9 plots the stress in Si at r ¼ 20 lm as a func-

tion of the temperature change, comparing the results from

the all-elastic model and three elastic-plastic models with

different yield strengths. The stress in Si increases linearly

with the temperature change in the all-elastic model. With

plastic deformation in the via, the stress deviates from the

linear behavior, depending on the yield strength. In addition

to the plastic deformation, grain growth in the metal vias has

been observed during thermal cycling,26 which could relax

the thermal stress in the vias and thus further reduce the

stress in Si.

VI. SUMMARY

In summary, micro-Raman measurements of the near-

surface stresses in a TSV structure are presented along with

detailed stress analyses based on a semi-analytic approach

and finite element analysis. In particular, the depth depend-

ence of the stress distribution and the effect of elastic anisot-

ropy of Si are elucidated for properly interpreting the Raman

data. A reasonable agreement between the Raman measure-

ments and the finite element analysis is obtained for the TSV

specimen without the surface oxide layer. The effects of the

surface oxide layer and metal plasticity of the via material

on the stress and Raman measurements are discussed. The

results from the present study suggest that micro-Raman

spectroscopy is a viable approach to characterize the local

stresses in the integrated TSV structures, along with detailed

stress analysis.
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