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Abstract

A new type of the sensitive specimen named ‘Gc-sensing element’ that can be fabricated, using the plain and general micro-fabrication
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rocess, is proposed and modeled to measure the interfacial toughnessGc of metal thin films on substrates. For the whole modeling pro
f the Gc-sensing element, the finite element method and the concepts of the linear elastic fracture mechanics are applied. Mo
erification for energy-release rates calculated from the linear elastic fracture analysis is carried out, using the elastic–plastic fractuysis.
he results of this research show that theGc-sensing element provides a simple and convenient method for measuring the precise in

oughness of metal thin films on substrates.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The adhesion strength of thin films on substrates has an
mportant effect on the reliability and lifetime of micro-scale
ystems, such as the high-capacity memory chip, the chip-
cale package and the micro-electro-mechanical system, and
t can be defined as the interfacial toughnessGc, which is

measure of the practical work of adhesion[1]. Therefore,
arious approaches to measureGc for thin films have been
ctively performed and published up to the present[2].

Among these approaches, the research using the nanoin-
entation is the main stream for measuringGc of thin films un-
er�m-scale thickness. The indentation[3–7] or the scratch

8,9], using the nanoindentation is applied on the surface of
he films, and thenGc can be obtained with its mathemati-
al expressions and measured geometric variables, i.e., the

∗ Corresponding author. Tel.: +81 52 736 7449; fax: + 81 52 736 7400.
E-mail address:insu-jeon@aist.go.jp (I. Jeon).

indentation volume, the crack length and the scratch
geometry in the films.

In a different way, the interfacial toughness of thin fil
has been measured using fabricated specimens[10–13]. The
superlayer test[10,11] has the originality of such measu
ment methods. The carbon-release layer is deposited be
the Cu film and the substrate to reduce the adhesion stre
and the residual stress of the Cr superlayer deposited o
film is used as an external loading to generate the crac
tween the film and the substrate. The interfacial toughn
as well as the phase angle, are calculated with the res
stress, and equations are formulated on the basis of the
elastic fracture mechanics.

Each method has some merits for measuringGc, for
example, the plain fabrication process of the test speci
the simple calculation of the energy-release rate for
nanoindentation method, and the strong possibility to ob
the accurateGc of thin films for the superlayer test metho
On the other hand, they have serious demerits. For exa
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the nanoindentation method has a high probability of
overestimating or underestimatingGc because of the inverse
quadratic or the inverse biquadratic dependence of the mea-
sured crack length, which may include some errors during the
measuring process, in the expressions of the energy-release
rate[3–7]. The superlayer test method gives the difficulty of
obtaining the exact value ofGc because of the hardness for
controlling the external loading that creates the interfacial
crack.

In this research, a new type of a sensitive specimen named
‘Gc-sensing element’ is proposed for measuring the interfa-
cial toughness of metal thin films on substrates to compen-
sate for those demerits of both the methods. The plain and
general micro-fabrication processes are sufficient to fabricate
theGc-sensing element. The nanoindentation or the microin-
dentation can be utilized to apply an external loading and
to probe the ‘pop-in’ point in the load–displacement curve,
from which the loading for the initiation of the crack prop-
agation is obtained. For the whole modeling process of the
Gc-sensing element, the finite element method and the the-
ory of the linear elastic fracture mechanics are applied. Also,
the verification for calculated energy-release rates, obtained
from the linear elastic fracture analysis, is performed with
the elastic–plastic fracture analysis.
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Fig. 1. The geometric flexibility of a thin Si: (a) substrate, and (b) wafer
[13,14].

plied on the contact pad, the interfacial crack should be easily
fabricated because of the stress concentration around the in-
terfacial edge, as shown inFig. 2a[16], and the low interfacial
adhesion strength between the release layer and the metal thin
film.

To probe the loading at the initiation of the crack propaga-
tion, i.e., the ‘pop-in’ point in the load–displacement curve,
the actual indentation is processed and then the measured
loading is used for calculating the interfacial toughness. Dur-
ing the indentation process, the external loading transferred
by an indenter, bends the substrate that has the geometric
flexibility, but the PR layer on the metal thin film resists the
bending deformation of the film with its stiffness. Therefore,
the crack between the film and the SiO2 layer begins to prop-
agate. Even though the external loading is applied on the
metal contact pad like a point loading during the process,
the plastic deformation of the pad and the bending deforma-
tion of the substrate relieve the stress concentration at the
contact point, and the loading produces the uniform stress
field around two cracks in theGc-sensing element because of
. New type of specimen, Gc-sensing element

The geometric flexibility of thin silicon structures und
00�m thickness, shown inFig. 1 [14,15], is the fundamen

al characteristic for realizing theGc-sensing element.Fig. 2a
hows the proposed shape of theGc-sensing element and t
ssential micro-fabrication processes, i.e., the oxidatio

he Si substrate, the deposition of the release layer an
etal thin film, the spin-coating of the photo resist (PR)

he lithography, as well as the etching for the PR layer
lm, and the substrate. Particularly, the partial etching o
etal thin film is recommended to form a small metal c

act pad of the 60�m diameter on the center of the subst
urface, which guides the symmetric loading transfer f
he indentation to theGc-sensing element (seeFig. 2a). Also,
e suggest that the etching process of the PR layer an
etal thin film on the substrate have to be finished be

he backside etching of the substrate to prevent the wa
r bending deformation of theGc-sensing element after t

abrication process[16].
The crack in theGc-sensing element can be fabricat

sing the deposited release layer between the SiO2 layer and
he metal thin film, and a slight pre-loading applied on
etal contact pad by the indenter. For the release layer,
us kinds of the material that reduce the interfacial adhe
trength should be used. For example, the carbon laye
han 20 nm of thickness that has been used in the fab
ion of the superlayer test specimen[11], or the SAM (self
ssembled monolayer) less than 2 nm of thickness[17,18]
an be candidates for the layer. After the pre-loading is
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Fig. 2. (a) The proposed shape of theGc-sensing element, and (b) the mesh configuration and boundary condition for the bridge-shaped substrate.

St. Venant’s principle. Therefore, the external loading should
cause the uniform propagation of the cracks.

3. Modeling of the Gc-sensing element

For modeling theGc-sensing element, three conditions for
the bridge-shaped substrate, shown inFig. 2a, and two lim-
itations of the indentation equipment have to be considered,
which are written as follows:

C1. Feasibility of handling.
C2. Deflection and angle of deflection of the beam in the
substrate.
C3. Crack propagation under the plane strain deformation.

L1. Maximum loading (fmx).
L2. Maximum displacement (dmx).

The condition for the feasibility of handling means that
the position and location of theGc-sensing element have to
be controlled using tweezers after being isolated from the
wafer. This condition gives the degree of freedom for scru-
tinizing the initial and the propagated crack shape, using a
microscope or a scanning electron microscope (SEM). The

condition for the deflection and the angle of deflection of the
beam is needed to guarantee the crack propagation before a
fracture of the beam in the substrate. The long length of the
beam results in the deflection with a low probability of the
beam fracture and of the crack propagation from the small
angle of deflection. On the other hand, the short length of the
beam results in the deflection with a high probability of the
beam fracture and of the crack propagation from the large
angle of deflection. Therefore, the deformation analysis for
the bridge-shaped substrate, using the finite element method,
is necessary for determining the reasonable size and shape of
the substrate. For cracks embedded under metal thin films,
the condition for the crack propagation under the plane strain
deformation,a≤ W/8 is considered[19]. Here,W anda are
the beam width and the crack length, respectively. For two
limitations of the indentation equipment,fmx = 4.903 N and
dmx = 100�m are selected, which are the limitations of the
microindenter, MCTM-500 of SHIMATU Corp.

First of all, modeling for the bridge-shaped substrate be-
gins under all these conditions and limitations, using the 3D
finite element analysis for the indentation process. To es-
timate whether the substrate is fractured or not, the exper-
imentally measured fracture strength of an Si substrate is
introduced and compared with the maximum tensile stress
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Table 1
Material properties for the numerical analysis

E (GPa) ν Yield stress (MPa)

Si [20] 169 0.3
SiO2 70 0.17
Cu (thin film) [2] 120 0.34 400.07
SU8 (PR) 4.4 0.22
Diamond (indenter) 900 0.2

calculated from the numerical analysis. Because the fracture
strength of an Si substrate depends not only on the crystal ori-
entation, but also the etching process with various etchants,
the minimum value of the fracture strength, 660 MPa, among
published ones is used as a critical value[20]. Note that a
fracture of the SiO2 layer (seeFig. 2a) before a fracture of
the Si substrate is not considered in this research because the
fracture strength of an SiO2 film is higher than that of an Si
substrate introduced in this paper.

The thickness of the Si substrate 600�m, shown inFig. 2a,
is that of a wafer before the etching process, and the beam
length in the substrate is selected as 8 mm after taking into
account the conditions ‘C1’ and ‘C2’. Moreover, the 400 nm
thickness of the SiO2 layer is modeled on the substrate for
the fracture analysis in this research. Therefore, the variables
that have to be determined by the numerical analysis are the
width Wand the thicknesst of the beam. The mesh configu-
ration and boundary condition for the numerical analysis are
shown inFig. 2b. For the simplicity of the computation, we
disregard the small metal contact pad on the substrate, and
consider only a quarter part of the substrate and the hemi-
spherical indenter. The package code ABAQUS is employed
for the finite element solution. The isoparametric hexahe-
dron element with 20 nodes for the substrate and the tetra-
hedron element with four nodes for the indenter are used.
As an external loading for the numerical analysis, the max-
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The maximum tensile stressσ11 is calculated at a mid-
point of the lower free surface in the beam, and is compared
with the fracture strengthσf of the Si substrate.Fig. 3a and
b show the ratioσ11/σf, and the ratiof/fmx between the ap-
plied loadingf and the maximum loadingfmx, following the
change of the non-dimensionalized valuest/L andW/L. The
valuesσ11/σf > 1 mean a fracture of the substrate, and the
valuesf/fmx > 1 mean the loading that cannot be transferred
by MCTM-500. InFig. 3c, the projectedσ11/σf andf/fmx val-
ues in thet/L − W/L plane are shown. The improper values
for reliable modeling of the substrate are excluded with the
regions of oblique lines, and a suitable value for modeling is
selected and marked inFig. 3c att/L = 0.0125 andW/L = 0.3.
After selecting the beam lengthW, the crack lengtha is de-
termined asa=W/8, to ensure the crack propagation under
the plane strain deformation. Therefore, the determined di-
mensions of the bridge-shaped substrate for theGc-sensing
element aret = 100�m,W= 2.4 mm, anda= 300�m. For the
fracture analysis to calculate the energy-release rate and the
phase angle using theGc-sensing element, the thickness of
the Cu film is selected as 400 nm, and the respective refer-
ence values for the geometric variables, such as the distance
between the beam edge and the crack tip, the crack length and
the thickness of SU8 are chosen as,l0 = 600�m,a0 = 300�m,
andtS0 = 100�m. All of the determined dimensions and the
reference geometric variables are shown inFig. 2a, and for the
r d.
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mum displacement of the microindenterdmx = 100�m is
elected.

The properties of each material for the numerical ana
re shown inTable 1. As the material for the PR layer a

he metal thin film, SU8 and Cu are, respectively cho
ecause SU8 is used in the field of MEMS, and Cu is rec
sed in the semiconductor industry as metal interconnec
he simple elastic behavior for the SiO2 layer and the S
ubstrate are assumed for the numerical calculation, be
he actual stress field in thin films on the Si substrate ca
easonably evaluated under this assumption[21]. Particularly
i with the same crystal direction, as the one introduce

he fracture strength, are considered for the substrate[20].
s the material of an indenter, the diamond is selected
ecause of its hardness, only elastic material propertie
hosen. Also, the elastic behavior of SU8 is assumed d
he indentation process because the ‘ductile’ characte
f the SU8 layer is transformed into the ‘brittle’ one a

he post-exposure bake and the hard bake processs[22]. The
lastic and the elastic–plastic properties of the Cu thin
ill be considered in following sections.
eference elastic modulus of SU8,ES0 = 4.4 GPa is selecte

. Linear elastic fracture analysis

The stress and displacement fields around an inter
rack tip of two isotropic elastic materials have the w
nown forms[23,24]:

ij = 1√
2πr

(Re[Kriε]pij(θ, ε) + Im[Kriε]qij(θ, ε)) (1)

i = 1

2µ

√
r

2π
(Re[Kriε]mi(θ, ε) + Im[Kriε]ni(θ, ε)) (2)

herei = √−1, r and θ are polar coordinates centered
he crack tip, as shown inFig. 4, K =K1 + iK2 is the complex
nterfacial stress intensity factor, and

= 1

2π
ln

[
(κ1/µ1) + (1/µ2)

(κ2/µ2) + (1/µ1)

]
(3)

he material constantsκα = 3−4ν�, µα andνα are the shea
odulus and Poisson’s ratio, respectively, where the sub
α’ means the upper layer (α= 1) or the lower layer (α= 2).
he detailed solutions forpij , qij , mj andni are given by Ric
t al.[25].

The conservation integral,J-integral[26] is introduced to
efine the energy-release rate:

=
∫
Γ

(Wn1 − tiui,1)ds (4)
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Fig. 3. The ratio (a)σ11/σf, and (b)f/fmx following the change oft/L andW/L, and (c) their projected values in thet/L − W/L plane (d= 100�m).

wheren1 is the unit outward normal on the contourΓ in
Fig. 4; W and ti indicate the strain energy density and the
traction component given as,W=σ ijεij /2 andti =σ ij nj ; ‘ui,1’
is the partial derivative with respect tox1. Here, the strain

Fig. 4. The integral path and domain for theJ-integral and the domain inte-
g

componentεij is given asεij = (ui,j +uj,i )/2. The calculation
after substituting the stress and displacement fields in Eqs.
(1) and (2)into the definition of theJ-integral in Eq.(4) gives
the well-known form of the energy-release rate for an elastic
interfacial crack problemG|e

G|e = J = (c1 + c2)K K̄

16 cosh2 επ
(5.a)

with

c1 = κ1 + 1

µ1
, c2 = κ2 + 1

µ2
(5.b)

The measure of the relative amount of the shear stress to
the normal stress ahead of an interfacial crack tip along the
interface, i.e., the phase angle is written, using the real part
K1 and the imaginary partK2 of the complex interfacial stress
intensity factorK as:

Ψ = tan−1
(
σ12

σ22

)
r=r̂

= tan−1
(

Im[Kr̂iε]

Re[Kr̂iε]

)

= tan−1
(
K1 cosξ −K2 sin ξ

K1 sin ξ +K2 cosξ

)
(6)

w
ral form of theJ-integral.
 hereξ = ε ln r̂, andr̂ is a reference length.
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5. Elastic–plastic fracture analysis

When the plastic zone is developed near an interfacial
crack tip, the stress and displacement fields in the elastic
region outside the plastic zone include, not only the stress
singularity−1/2 +iε, but also the higher order singularities,
such as,−1, −3/2 +iε, −2, . . . [27–29], which are written
as:

σij =
0,2,···,∞∑

n=−∞,···,−2

rReδn√
2π

(Re[Knr
iε]pij(θ,

Reδn, ε)

+ Im[Knr
iε]qij(θ,

Reδn, ε))

+
1,···,∞∑

n=−∞,···,−1

rδn√
2π
Re[Kn]sij(θ, δn, ε) (7)

ui = 1

2µ




0,2,···,∞∑
n=−∞,···,−2

rReδn+1
√

2π
(Re[Knr

iε]mi(θ,
Reδn, ε) + Im[Knriε]ni(θ,

Reδn, ε)) +
1,···,∞∑

n=−∞,···,−1

rδn+1
√

2π
Re[Kn]oi(θ, δn, ε)



(8)

whereKn =K1n + iK2n are the complex interfacial stress in-
tensities for each eigenvalueδn. The general solutions for
pij , qij , sij , mi , ni andoi are given by Jeon[28]. Note that
e
δ e
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6. Results and discussion

First of all, the determined dimensions and the reference
geometric variables of theGc-sensing element and the elastic
behavior of the Cu thin film are used for calculating the ref-
erence energy-release rateGe

0 and phase angleΨ0 under the
reference external loadingd0 = 80�m. The perfect adhesion
between the dissimilar materials is assumed and the residual
stress of the Cu film is ignored because of its small magni-
tude compared with the stress distribution in the film driven
by the external loading[16]. The finite element meshes, that
consist of the isoparametric plane strain elements with eight
nodes for theGc-sensing element, as well as the indenter,
are shown inFig. 5a with boundary conditions. However, the
small metal contact pad on the substrate is not included in
the meshes for the simplicity of the computation. The pack-

age code ABAQUS is used for the convenience and the easy
access to obtain the complex interfacial stress intensity fac-
t
t ture
p the
d
T ened
c s the
f and
t

s, non-
d ed
i ing
d
t k-
n
G

t
u ness
f e
a
F -
e ness
b -
d rgy-
r alized
c rgy-
r
t , be-
c e sta-
t ernal
l ergy-
igenvaluesδn are given as. . ., δ−2 =−3/2 +iε, δ−1 =−1,
0 =−1/2 +iε, δ1 = 0,δ2 = 1/2 +iε, . . ., andReδn represent th
eal part of complex eigenvaluesδn. For a crack problem
here should be complementary pairs of eigenvaluesδn and
c
n in theJ-integral sense[30] that satisfy the relation:

n + δcn = −1 (9)

herefore, for an arbitrary eigenvalueδn, the complementar
igenvalueδcn = −1 − δn has to be found in a crack proble

From substituting the stress and displacement fields
luding the higher order singularities in Eqs.(7) and (8)into
he definition of theJ-integral in Eq.(4) and some algeb
onsidering the complementary relations for eigenvalueδn

n Eq. (9) and the path independence characteristic o
-integral, the energy-release rate for an elastic–plastic
acial crack problemG|ep can be written as:

|ep = J = J0 +
−∞∑
n=−1

J (δn,δcn) (10)

here,J (δn,δcn) is the two-stateJ-integral [31], that is, the
utual interaction integrals for arbitrary two elastic state
igenvaluesδn andδcn. The termJ0 in Eq.(10)is theJ-integral
alculated with the eigenvalueδ0 =−1/2 +iε, which has th
ame form as Eq.(5.a) [28]:

0 = 1

2
J (−1/2+iε,−1/2−iε) = (c1 + c2)K0K̄0

16 cosh2 επ
(11)

hereK0 is the complex interfacial stress intensity factor
he eigenvalueδ0 =−1/2 +iε.
or K and the energy-release rateG|e in Eq.(5.a). It provides
he interaction integral method for obtaining those frac
arameters[32]. As a result of the numerical analysis,
eformed shape around the crack tip is presented inFig. 5b.
he zoomed shape around the crack tip shows the op
rack shape after the indentation process, which mean
easibility of the crack propagation between the Cu film
he SiO2 layer.

The calculated energy-release rates and phase angle
imensionalized byGe

0 andΨ0, respectively, are present
n Fig. 6a along with the increase of the external load
/d0. The phase angleψ is calculated from Eq.(6) with
he reference length ˆr = 400 nm, selected the film thic
ess. The obtained energy-release ratesG|e/Ge

0 > 1 with
e
0 = 1.121 J/m2 and the phase angleΨ0 =−8.238◦ insensi-

ive to the increase of the external loading inFig. 6a should be
sed for comparing with the measured interfacial tough

rom the superlayer test, 0.7 J/m2 <Gc < 0.9 J/m2 at the phas
ngleΨ ≈ 0◦ for the Cu film with a thickness of 450 nm[11].
rom this comparison, it is confirmed that theGc-sensing el
ment can be utilized for measuring the interfacial tough
etween the Cu film and the SiO2 layer, using the microin
enter.Fig. 6b shows the dependence of calculated ene
elease rates and phase angles on the non-dimension
rack length, 2a/L0. The sudden decrease of the ene
elease rate after the monotonic increase inFig. 6b indicates
he stability of theGc-sensing element as a test specimen
ause this behavior of the energy-release rate means th
ionary crack after its propagation under the constant ext
oading. The reason for the sudden decrease of the en
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Fig. 5. (a) The mesh configuration and boundary condition for theGc-sensing element, and (b) the deformed shape around the crack tip after the calculation.

release rate can be explained with the decrease of the phase
angle along with the increase of the crack length inFig. 6b,
which means the decrease of the shear stress ahead of the
crack tip that has the strong effect on the energy-release rate.

Fig. 7a and b shows the results of the parametric study
using two selected variables, such as the thicknessts and the

elastic modulusEs of the SU8 layer. The valuests andEs can
be determined by the fabrication process of theGc-sensing
element. For example, the viscosity of SU8 and the spinning
velocity during the spin-coating process affect the thickness
of the SU8 layer. Also, the time and temperature during the
baking processes for SU8 affect the elastic modulus of the
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Fig. 6. Energy-release rates and phase angles, along with (a) the increase of
the external loading, and (b) the crack length (d0 = 80�m).

SU8 layer[22]. Fig. 7a shows the calculated energy-release
rate range 0.3129–2.428 J/m2 for the thickness range of the
SU8 layer 50–150�m under the external loadingd0 = 80�m.
This result provides the possibility to obtain various practi-
cal energy-release rates for metal thin films through theGc-
sensing element with increasing the thickness of the SU8
layer. Particularly for SU8, over 300�m thickness layer can
be formed, using the spin-coating process. The increasing
trend of the energy-release rate along with the increase of the
SU8 layer thickness inFig. 7a shows a good agreement with
the results about the Cr layer thickness obtained from the su-
perlayer test[11]. Fig. 7b shows the serious change of the
phase angle, following the change of the elastic modulus of
the material layered on the metal thin film. It means that the
determination of the material type or property layered on the
film for the Gc-sensing element gives the various values of
the phase angle. Therefore, from these results, it is clarified
that theGc-sensing element can be an important implement to
measure the interfacial toughness of various metal thin films
on substrates.

For the verification of energy-release rates, calculated
from the linear elastic fracture analysis, using theGc-sensing
element, the analysis considering the elastic–plastic behav-

Fig. 7. Energy-release rates and phase angles, along with (a) the increase of
the thickness, and (b) the elastic modulus of the SU8 layer (d0 = 80�m).

ior of the Cu film is carried out. It is assumed that the Cu
film follows the Prandtl–Reuss equations for the incremen-
tal plasticity theory of isotropic-hardening materials, and the
calculation of the equations is processed with the plastic part
of the Ramberg–Osgood model, using the power-law harden-
ing exponentn= 10[28,29]. Fig. 8shows plastic zone shapes
near the crack tip, non-dimensionalized by the film thick-
nesst = 400 nm before the evolution to the fully plastic state,
following the external loadingd/d0.

TheJ-integral of the elastic–plastic crack problem in Eq.
(10) is calculated as a domain integral form[28,29] using
ABAQUS. The valueJ0 in Eq. (10) is calculated from Eq.
(11), with the obtained complex interfacial stress intensity
factorK0 from ABAQUS. Note that each calculation is car-
ried out in the elastic region outside the plastic zone, i.e.,
A− Ai region, shown inFig. 4. The each term obtained in
Eq.(10), along with the increase of the external loadingd/d0,
is arranged and compared withG|e in Table 2. The results in
Table 2show a good agreement betweenG|e andG|ep, even
though the large plastic zone is developed atd/d0 = 1.125 near
the crack tip (seeFig. 8). Certainly, this agreement stems from
the geometric structure of theGc-sensing element, because
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Fig. 8. Plastic zone shapes near the crack tip, non-dimensionalized by the
film thicknesst = 400 nm, before the evolution to fully plastic state.

Table 2
The energy-release rateG|e and each term in Eq.(10)along with the increase
of the external loadingd/d0

d/d0 G|e J0

−∞∑
n=−1

J (δn, δcn) G|ep

0.125 0.01751 0.01753 −0.00001 0.01752
0.25 0.07005 0.07018 −0.0001 0.07008
0.375 0.1576 0.1581 −0.0004 0.1577
0.5 0.2802 0.2817 −0.0014 0.2803
0.625 0.4379 0.4413 −0.0034 0.4379
0.75 0.6305 0.6377 −0.0072 0.6305
0.875 0.8582 0.8725 −0.0141 0.8584
1 1.121 1.148 −0.026 1.122
1.125 1.419 1.47 −0.049 1.421

its deformation behavior during the indentation process is
close to that of the middle tension (MT) specimen in which
the small effect of

∑−∞
n=−1J

(δn, δcn) on theJ-integral for the
elastic–plastic crack problem exists, rather than that of the
single-edge notched tension (SENT) specimen, in which the
serious effect of

∑−∞
n=−1J

(δn, δcn) appears[29]. Therefore, this
fact indicates that though the large-scale plastic zone is de-
veloped near the crack tip, the simple elastic analysis is suffi-
cient to measure the interfacial toughness of metal thin films
on substrates using theGc-sensing element.

7. Conclusion and further study

TheGc-sensing element, that can be fabricated using the
plain and general micro-fabrication process for measuring
the interfacial toughnessGc of metal thin films on substrates,
is proposed and modeled with the finite element method and
the concepts of the linear elastic fracture mechanics.

From the comparison of calculated energy-release rates
and phase angles with the measured ones of the superlaye
test, and the obtained results from the parametric study with

the change of the thickness and elastic modulus of the SU8
layer, it is clarified that theGc-sensing element is applicable
for measuring the interfacial toughness of metal thin films
on substrates. Furthermore, the simplicity for calculating the
energy-release rate, using theGc-sensing element, is con-
firmed from the verification with the elastic–plastic fracture
analysis. Therefore, it is concluded that theGc-sensing ele-
ment provides a simple and convenient method for measuring
the precise interfacial toughness of metal thin films on sub-
strates.

For the further study, the fabrication of theGc-sensing
element with various metal thin films on the substrate and
the measurement of the interfacial toughness using theGc-
sensing element are now in progress, and the results will be
presented in the near future.
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