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Abstract-The self-annealing effect of electroplated copper films was
investigated by measuring the time dependence of the film stress
for different film thicknesses between 1.5Spm and 20pm. This
recrystallization process results in significant microstructure
change and a film-thickness-dependent stress evolution at room
temperature. This behavior can be explained by the superposition
of grain growth and grain size dependent yielding. Existing models
have been used and improved to describe the mechanisms related
to stress evolution.

1. INTRODUCTION

Copper becomes more and more important for interconnect
applications in semiconductor devices due to its higher electrical
conductivity, increased electro-migration resistance and better
thermal conductivity [1, 2]. Electroplating of copper has been
demonstrated as one of the best methods to be adopted for high
performance logic devices using dual damascene technology
and for power devices using pattern plating technology [3, 4].
Recrystallization of electroplated Cu films at room temperature,
which is termed self-annealing, is a very distinct phenomenon
[5-9]. During self-annealing, stress change is observed, which is
associated with a transition from an as-deposited
ultrafine-grained  microstructure to a  coarse-grained
microstructure. The self-annealing impacting subsequent
processing steps may require expensive post deposition
treatments and can cause reliability impairment. Therefore, a
fundamental understanding of the self-annealing phenomenon is
of great scientific and technological importance in order to
ensure the stability of electroplated Cu metallization.

So far most of the research has been devoted to electroplated
Cu films with thicknesses ranging from several hundred
nanometers up to about 2pum [10-19], but was recently extended
to studies on 70pum thick Cu films [20, 21]. In these studies,
grain growth was observed during room temperature annealing,
accompanied by a continuous relaxation of film stress. The
grain growth is believed to be either induced by the initial high
dislocation density triggering recrystallization or by surface
segregation of impurities releasing the pinned grain boundaries.

978-1-4244-5598-0/10/$26.00 ©2010 IEEE

If the stress is initially compressive, grain growth and annealing
of defects will cause a reduction of the stress. However, for
films which are initially under tensile stress after deposition,
grain growth would increase the tensile stress and therefore
can’t explain a stress decrease. In such cases other mechanisms
must be active, which will be discussed in this paper. Besides
that, only very few publications can be found which present the
modeling results regarding the self-annealing effect. Still, most
of them only focus on the modeling in terms of sheet resistivity
evolution [22, 23]. The purpose of the present work is also to
develop a model which is able to describe the mechanisms of
stress evolution of electroplated Cu films so that the prediction
of the stress evolution at room temperature becomes feasible.

II. EXPERIMENTAL AND RESULTS

All investigated Cu films were prepared by electroplating on
8 inch (~200mm) blanket wafers. Prior to the electroplating, a
100nm thick thermal oxide was deposited by chemical vapor
deposition (CVD) on the wafers as an isolation layer.
Subsequently, a 50nm thick Ti film was deposited as an
adhesion layer and diffusion barrier, followed by a 150nm thick
Cu sputter deposited seedlayer. The barrier layer and seedlayer
were deposited in the same sputter tool without breaking the
vacuum. The plating process was performed with a commercial
fountain plating system. The electrolyte solution was mainly
composed of Cu2S04, H2SO4, HCl and with two organic
additives, an accelerator and a suppressor with levelling
components. An AC-DC current combination was applied [24].

The whole electroplating process consecutively undergoes a
pre-wet in methane sulphonic acid (MSA), Cu electroplating
and a water rinse followed by a spin-dry process. The plating
rate was kept constant for all Cu thicknesses, so that the impact
of deposition speed on film properties was avoided. Finally, a
wide split plan of Cu thickness was applied from 1.5-20um.All
blanket electroplated Cu layers were characterized as a function
of time at room temperature. In order to determine the film
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stress, the wafer curvature was monitored by a capacitance
probe setup (Eichhorn&Hausmann) starting 30min after
deposition up to ~100h, based on which film stress can be
calculated by using Stoney’s equation [25-27]:
2
o= L1 (M)
(I-v)6t R, R,

where o is the film stress, £ corresponds to the elastic modulus
of the substrate, v denotes the Poisson’s ratio of the substrate, /
and ¢ are the thickness of the substrate and film, R; and R, are
the measured radii of curvature before and after Cu film
electroplating, respectively. Thus, for all reported stresses of
electroplated Cu films contributions from the underlying
thermal oxide layer as well as the Ti and Cu seedlayers have
been eliminated.

As illustrated in Fig.1, all films show a tensile stress. Thin Cu
films (1.5-5pum) have relatively high initial stress compared to
thick Cu films (8-20pm). The stress evolution shows a disparate
tendency between these two groups: i) thin films with the
thickness of S5um and below, ii) thick films with the thickness of
8-20pum. The tensile stress of thin films continues to decrease
with time, while for thick Cu films the stress first increases and
subsequently starts to decrease or stagnate depending on the
maximum stress value. Finally, the tensile stress values of all Cu
films stagnate at a certain value, which is determined by the film
thickness. Thicker films reveal a lower final stress than thinner
films. Interestingly, the as-deposited film stress with its
nanocrystalline microstructure shows also an inverse
relationship between film stress and film thickness.

The microstructure evolution was investigated for 3pm, 8um
and 20pm thick films 2h, 20h and 44h after deposition by
focused ion beam (FIB) microscopy (Micrion 9500). The
average grain size is calculated by a linear intercept method
based on FIB images recorded at 10K magnification. The grains
on cross-section from bottom to top excluding the extreme top
ones at the edge were captured to estimate the grain size. Twins
are counted as grains. Due to the resolution limit of FIB images,
the minimum grain size that can be detected is ~50nm. The 45°
tilt angle of the FIB images has been taken into account for the
grain size analysis in this study.
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Fig.1. Stress evolution of 1.5-20um thick Cu films at room temperature.
Disparate tendencies of stress are observed between thin Cu films (1.5-5um) and

thick Cu films (8-20um).

The images in Fig.2 made by FIB technique show a
remarkable grain growth of 8um thick Cu film during
self-annealing. The first FIB image taken 2h after deposition
reveals a fine globular grain structure. After 20h, a significant
change in grain size has occurred. The grains which frequently
contain twins have a bimodal grain size distribution. It should be
noted, that at the Cu/substrate interface, a ~300nm thick region
of fine grains still exists. After 44h, all fine grains have been
consumed by large grains. Some of the grains (columnar grains)
extend through the complete thickness of the film and contain
twins. The coexistence of columnar grains and twins leads again
to a bimodal grain size distribution. The average grain sizes of
8um thick Cu film are approximately 135nm, 210nm and
290nm according to the FIB images taken after 2h, 20h and 44h
at room temperature, respectively.

III. DISCUSSIONS

A. mechanisms of stress evolution

Two different film thickness regimes are identified from the
stress-time curves. Therefore, both regimes will be discussed
and possible mechanisms for the different behaviors will be

Fig. 2. Microstructural evolution of 8pum thick Cu film at room temperature. a). 2 hours after deposition only fine grains are existing in the film; b). 20 hours after
deposition coarse grains are formed while fine grains are still existing at the bottom of the film; c). 44 hours after deposition, coarse grains occupy the film,

where twins are embedded.



proposed.

The continuous decrease of the stress of thin Cu films
(1.5pm-5um) in Fig.1 cannot be directly explained by grain
growth. It is speculated that dislocation plasticity causes the
stress decrease, as outlined below. As the initial stress is
relatively high for thin Cu films, dislocation glide can be
activated immediately after deposition and becomes
increasingly easier due to grain growth. The stress decrease
terminates when the flow stress of the final microstructure,
which is film thickness dependent, has been reached. The stress
evolution of thick Cu films (8um-20um) is more complex. As
the initial stress is relatively low and the grain size is small,
dislocation glide cannot be activated immediately after
deposition. Then grain growth starts causing a stress increase
after the ~200min incubation phase for the 8um-20um thick Cu
films. Grain growth leads to annihilation of excess volume by
reducing the amount of grain boundaries which induces
shrinkage of the film. This gives rise to the tensile stress if the
film remains bonded to the substrate. As shown in the FIB
images of Fig.2, grain growth clearly occurs during
self-annealing. The coarsening starts with the growth of a few
grains which consume the surrounding fine-grained matrix until
the large grains meet and the fine-grained matrix is completely
consumed. Along with grain growth, the tensile film stress
increases until it becomes high enough to activate plasticity
yielding. As a consequence, both grain growth and plasticity
superimpose in the stress evolution. The global stress decreases
when the effect of dislocation plasticity becomes more
prominent than that of grain growth. This is the case for 8um
and 10pum thick Cu films. For the 15pm and 20pm thick films
the peak stresses are so low that dislocation glide and grain
growth counterbalance each other. One should be aware that
grain growth also happens for the 1.5-5um thick Cu films.
However, no stress increase is observed during room
temperature annealing since the initial stress is so high that
relaxation by dislocation plasticity is more prominent than the
stress increase induced by grain growth.

Fig.3 illustrates these processes. The as-deposited films are
defect rich caused by the low deposition temperature process
and Cl, S and C impurities [16] coming from the electrolyte
bath. The incubation time may be caused by the segregation of
impurities via the grain boundaries to the film surface and/or
film/substrate interface as sketched in Fig.3a and 3b. Then,
Ostwald ripening [6, 28] can set in with grain growth starting at
grains where grain boundaries are released first by surface and
interface segregation of impurities (Fig3.a-c). It implies that the
stress itself is not the only driving force for self-annealing.
Otherwise the thicker film wouldn’t anneal so rapidly. The
driving force for room temperature grain growth originates from
the minimization of the total energy of the system. A large
variety of energies, such as strain energy, grain boundary
energy, surface/interface energy, dislocation energy and
stacking faults energy are assumed to be involved in this
process. The existence of a high density of defects, mostly
impurities, dislocations and grain boundaries introduced by
room temperature electroplating, is considered as the main

Fig.3. Illustration of the microstructure evolution. Dashed lines indicate twins.
a) Only fine grains exist in the film after deposition, coupled with a high density
of impurities and dislocations. Impurities pin at the grain boundaries; b)
Impurities segregate to the film surface and/or film/substrate interface, thus
releasing the grain boundaries. Grain growth starts and finally reaches the
film/substrate interface region. Meanwhile, dislocation glide can be activated;
¢) Grain growth terminates. Dislocation density is reduced because dislocations
glide across the grains and are incorporated into the grain boundaries.

source of a large amount of energy stored in the as-deposited
fine grains of electroplated Cu films.

B. modeling of stress evolution

The loss of grain boundary volume due to grain growth
induces the shrinkage of the film volume. If the film remains
constrained to the substrate, it causes stress increase in tension.
Chaudhari [29] has presented a model which explains the stress
development due to grain growth. It calculates the strain in the
film by estimating the change in volume associated with the
coalescence of grain boundaries.

Considering a thin film that has an average grain size L, in
the as-deposited condition, and assuming the grains grow to
final grain size L, the total change of biaxial stress associated
with grain growth is given by



P p— %(i—ij )
“«"(1—v) 2\L, L

where Ao, is the stress increase induced by grain growth, £ is

the elastic modulus of the film, v is the Poisson’s ratio of the
film, ¢ is a grain boundary parameter and a is the bulk atom
layer spacing.

On the other hand, grain boundaries as well as dislocations act
as obstacles to dislocation motion at room temperature.
Impeding the dislocation motion will hinder the onset of
plasticity and hence increase the yield strength of the film. The
dislocation pileup which determines the stress concentration in
the grains, relates to the grain diameter and dislocation density.
If the grain size is large and dislocation density is high, a greater
stress concentration is developed in the grains, and thus the
applied stress needed to activate plastic flow in the grains is
relatively low, and vice versa. Hall-Petch law well represents
the grain boundary barrier to dislocation motion as function of
grain size [30-32]. By the modified Hall-Petch equation the
stress decrease due to dislocation motion can be calculated:

T S
K

where Ao, is the stress change due to dislocation glide,

Ao, =0,-0 3)

Ly

o, and o, are the flow stress of the film in the case of the grain

size of L and L, respectively, K is the Hall-Petch coefficient.

Furthermore, it additionally needs an intermediate model
which introduces the grain size development as function of time
elapsed so that the stress evolution can be correlated with time.
Doerner and Nix [25] have successfully developed such a grain
growth model to describe the rate of grain size development.
This model is based on the minimization of grain boundary
energy and strain energy.

d_L=D*_9Q(1_(LjM(L_iB @
dt kTo L 1-v)2By\L, L

where D* is the diffusivity given by D, exp(—E, /kT), D, is
the pre-exponential factor for grain boundary diffusion, E, is
the activation energy of grain boundary diffusion, (2 is the
atomic volume, J is the average jump distance in the grain

boundary, k is the Bolzmann constant, and 7 is the absolute
temperature, ¥ is the grain boundary energy per unit area, L is

the average grain size, and f is the geometrical factor

determined by the shape of the grains.

As aforementioned, the individual mechanism of grain
growth or dislocation plasticity does not enable us to interpret
the complex stress evolution of electroplated Cu films. Instead,
a competing model combining the above two mechanisms, as
shown in (5), needs to be applied in combination with grain
growth rate model (4).

c=0,+40,+ 40, (5)

where o is the film stress and o, is the as-deposited stress.
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Fig.4. Experimental and modeled stress evolution of 3 and 8um thick
electroplated Cu films

Table 1. Parameters used in the modeling

Symbol Value reference
a 0.12 [6]
a 0.36148 nm [6]
B 2 [29]
E 121GPa [6]
v 0.33 [6]
K 0.0448 MN/ m*? [30]
D 3.04x107° m/s [19]
E, 1.46x107°J [19]
5 0.40486 nm (6]
Q 1.182%107%° m’ [19]
7 0.625 J/m’ [29]

Fig.4 shows the results of two representative numerical
calculations in comparison with the corresponding experimental
data labeled as dots. The as-deposited stress ¢, is 60MPa and

23MPa for 3um and 8um thick Cu films, respectively. The grain
sizes of 105 and 135nm accordingly obtained from FIB images
of 3 and 8um thick Cu films are applied as original grain size L,
in the simulation. In Fig.4, both calculated curves are
qualitatively similar to the measured stress plots. As dislocation
glide is prominent in the Cu films (1.5-5um), continuous
decrease of stress, which is fully represented by the calculated
curve of 3pm thick Cu films, can be obtained by the described
model with competing mechanisms. Meanwhile, the curve of
8um thick Cu films is well on the behalf of thicker films
(8-20um), which conforms to grain growth and successive
dislocation glide mechanisms.

It must be pointed out that the value of the grain boundary
parameter & can vary with the deposition conditions, such as
electrolyte composition or current density [33]. Moreover, grain
growth and coalescence of grain boundaries are not
homogeneous over the film, as seen in Fig. 2. It is very difficult
to set the global & value accurately based on the actual local
values over the film. In our model, it is assumed that « is the
average over transformed and untransformed grains and it is
estimated to be 0.12 based on the best fitting, which is fairly



close to the value of 0.15 found by Cabral [34].

The Hall-Petch coefficient K reflects the resistance of grain
boundaries to dislocation motion. Typically, a lower value of K
refers to less resistance of dislocation motion, and vice versa. In
Fig. 4, the modeled curves are calculated with the K value of
0.0448 MN/m3/2, which is ~40% of the well-known Hall-Petch
constant 0.112 MN/m3/2 for face-centered cubic (FCC) copper
[30]. During the abnormal grain growth, subgrains with low
angle grain boundaries (<15°) may be strongly involved in the
coarse-grained structure, which weakens the blocking of
dislocations compared to high angle grain boundaries (>15°C).
Consequently, Hall-Petch coefficient related to subgrains is
typically 1/2 to 1/5 of the well-known value. In order to capture
the process of subgrain coarsening, in-situ electron backscatter
diffraction (EBSD) or transmission electron microscopy (TEM)
during grain growth would be required.

There is a notable limitation of the model, which is associated
with incubation of grain growth. As observed in Fig.l,
particularly in the stress evolution curves of thick Cu films
(8-20um), stress increase does not start immediately after
deposition, but at ~200min after the deposition. This implies
that the onset of grain growth is retarded and all fine grains
maintain as-deposited undergoing an incubation phase. The
incubation of grain growth is not considered in the present
model. Thus, the simulated results only emphasize on the stress
evolution after the commencement of grain growth, but neglect
the stress stabilization during incubation. Nevertheless,
compared to the total evolution time, the incubation time is
relatively short.

IV. CONCLUSIONS

New insights have been gained in the stress evolution during
self-annealing of electroplated Cu by studying film thicknesses
between 1.5um and 20um. Grain growth is observed by focused
ion beam studies. This is explained by segregation of impurities
towards the film surface and interface unpinning the grain
boundaries. For thick films the low as-deposited tensile stress
increases due to annihilation of excess volume, while for thin
films due to the already pre-existing high as-deposited tensile
stress grain growth induces yielding and thus a reduction in film
stress. Finally, grain growth terminates and stress relaxation by
dislocation glide is exhausted. The film stress stagnates at a
certain value which scales with film thickness.

The present study reveals that the stress evolution after
deposition of electroplated copper films can be explained by
grain growth and grain size dependent yielding. Quantitative
models with competing mechanisms have been developed to
simulate the stress evolution of electroplated Cu films. The
results show an accurate correlation between experimental data
and simulated values. To extend the model, incubation phase of
grain growth may be considered. Further, EBSD or TEM for the
investigation of subgrains is required in order to determine
important model parameters, such as the Hall-Petch coefficient.

ACKNOWLEDGMENT

The authors would like to thank M. Roemet for focused ion
beam measurements. Furthermore, M. Schneegans and P. Nelle
are gratefully acknowledged for helpful discussions. This work
was jointly funded by the Federal Ministry of Economics and
Labor of the Republic of Austria  (contract
98.362/0112-C1/10/2005 and the Carinthian Economic
Promotion Fund (KWF) (contract 18911 | 13628 | 19100).

REFERENCES

[1] C. K. Hu, B. Luther, F. B. Kaufman, J. Hummel, C. Uzoh, and D. J.
Pearson, "Copper interconnection integration and reliability," Thin
Solid Films vol. 262, pp. 84-92, 1995.

[2] M. D. Thouless, J. Gupta, and J. M. E. Harper, "Stress Development
and Relaxation in Copper-Films During Thermal Cycling," Journal
of Materials Research, vol. 8, pp. 1845-1852, Aug 1993.

[3] P. C. Andricacos, C. Uzoh, J. O. Dukovic, J. Horkans, and H.
Deligianni, "Damascene copper electroplating for chip
interconnections," [IBM JOURNAL OF RESEARCH AND
DEVELOPMENT, vol. 42, pp. 567-574, 1998.

[4] L. T. Romankiw, "A path: from electroplating through lithographic
masks in electronics to LIGA in MEMS," Electrochimica Acta, vol.
42, pp. 2985-3005, 1997.

[5] S. H. Brongersma, E. Richard, 1. Vervoort, H. Bender, W.
Vandervorst, S. Lagrange, G. Beyer, and K. Maex, "Two-step room
temperature grain growth in electroplated copper," Journal of
Applied Physics, vol. 86, p. 3642, 1999.

[6] J. M. E. Harper, C. Cabral Jr, P. C. Andricacos, L. Gignac, 1. C.
Noyan, K. P. Rodbell, and C. K. Hu, "Mechanisms for
microstructure evolution in electroplated copper thin films near room
temperature," Journal of Applied Physics, vol. 86, pp. 2516-2525,
1999.

[7] C. Lingk and M. E. Gross, "Recrystallization kinetics of
electroplated Cu in damascene trenches at room temperature,"
Journal of Applied Physics, vol. 84, pp. 5547-5553, Nov 1998.

[8] K. Pantleon and M. A. J. Somers, "In situ investigation of the
microstructure evolution in nanocrystalline copper electrodeposits at
room temperature," Journal of Applied Physics, vol. 100, Dec 2006.

[9] W. Wu, D. Ernur, S. H. Brongersma, M. Van Hove, and K. Maex,

"Grain growth in copper interconnect lines," Microelectronic

Engineering, vol. 76, pp. 190-194, Oct 2004.

S. P. Hau-Riege and C. V. Thompson, "In situ transmission electron

microscope studies of the kinetics of abnormal grain growth in

electroplated copper films," Applied Physics Letters, vol. 76, pp.

309-311, Jan 2000.

Q. T. Jiang and M. E. Thomas, "Recrystallization effects in Cu

electrodeposits used in fine line damascene structures," Journal of

Vacuum Science & Technology B: Microelectronics and Nanometer

Structures, vol. 19, pp. 762-766, 2001.

D. Kwon, H. Park, S. Ghosh, C. M. Lee, H. T. Jeon, and J. G. Lee,

"Recrystallization of the copper films deposited by pulsed

electroplating on ECR plasma-cleaned copper seed layers," Journal

of the Korean Physical Society, vol. 44, pp. 1108-1112, May 2004.

S. Lagrange, S. H. Brongersma, M. Judelewicz, A. Saerens, L

Vervoort, E. Richard, R. Palmans, and K. Maex, "Self-annealing

characterization of electroplated copper films," Microelectronic

Engineering, vol. 50, pp. 449-457, Jan 2000.

M. T. Pérez-Prado and J. J. Vlassak, "Microstructural evolution in

electroplated Cu thin films," Journal of Applied Physics, vol. 47, pp.

817-823, 2002.

C. H. Seah, G. Z. You, C. Y. Li, and R. Kumar, "Characterization of

electroplated copper films for three-dimensional advanced

packaging," Journal of Vacuum Science & Technology B, vol. 22, pp.

1108-1113, May-Jun 2004.

[10]

[11]

[12]

[13]

[14]

[15]



[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

(311

[32]

[33]

[34]

M. Stangl, M. Liptak, A. Fletcher, J. Acker, J. Thomas, H.
Wendrock, S. Oswald, and K. Wetzig, "Influence of initial
microstructure  and  impurities on Cu room-temperature
recrystallization (self-annealing)," Microelectronic Engineering,
vol. 85, pp. 534-541, 2008.

W. H. Teh, L. T. Koh, S. M. Chen, J. Xie, C. Y. Li, and P. D. Foo,
"Study of microstructure and resistivity evolution for electroplated
copper films at near-room temperature," Microelectronics Journal,
vol. 32, pp. 579-585, 2001.

V. Weihnacht and W. Briickner, "Abnormal grain growth in {111}
textured Cu thin films," Journal of Applied Physics, vol. 418, pp.
136-144, 2002.

D. W. Gan, P. S. Ho, R. Huang, J. Leu, J. Maiz, and T. Scherban,
"Isothermal stress relaxation in electroplated Cu films. 1. Mass
transport measurements," Journal of Applied Physics, vol. 97, pp.
103531-1-103531-8, May 2005.

K. B. Yin, Y. D. Xia, C. Y. Chan, W. Q. Zhang, Q. J. Wang, X. N.
Zhao, A. D. Li, Z. G. Liu, M. W. Bayes, and K. W. Yee, "The
kinetics and mechanism of room-temperature microstructural
evolution in electroplated copper foils," Scripta Materialia, vol. 58,
pp. 65-68, 2008.

K.B.Yin, Y.D. Xia, W. Q. Zhang, Q. J. Wang, X. N. Zhao, A. D. Li,
Z. G. Liu, X. P. Hao, L. Wei, C. Y. Chan, K. L. Cheung, M. W.
Bayes, and K. W. Yee, "Room-temperature microstructural
evolution of electroplated Cu studied by focused ion beam and
positron annihilation lifetime spectroscopy," Journal of Applied
Physics, vol. 103, pp. 066103-3, 2008.

M. Stangl and M. Militzer, "Modeling self-annealing kinetics in
electroplated Cu thin films," in JOURNAL OF APPLIED PHYSICS
vol. 103: AIP, 2008, p. 113521.

W. Zhang, S. H. Brongersma, Z. Li, D. Li, O. Richard, and K. Maex,
"Analysis of the size effect in electroplated fine copper wires and a
realistic assessment to model copper resistivity." vol. 101: Journal of
applied physics, 2007, p. 063703.

W. Robl, M. Melzl, B. Weidgans, R. Hofmann, and M. Stecher,
"Last Metal Copper Metallization for Power Devices," in IEEE
Transactions on Semiconductor Manufacturing, 2008, pp. 358-362.

M. F. Doerner and W. D. Nix, "Stresses and deformation processes in
thin films on substrates," Critical Reviews in Solid State and
Materials Sciences, vol. 14, pp. 225-268, 1988.

L. B. Freund and S. Suresh, Thin Film Materials: Stress, Defect
Formation, and Surface Evolution: Cambridge University Press,
2003.

W. D. Nix, "Mechanical Properties of Thin Films," Metallurgical
Transactions A, vol. 20, pp. 2217-2245, 1989.

C. Detavernier, S. Rossnagel, C. Noyan, S. Guha, C. Cabral, and C.
Lavoie, "Thermodynamics and kinetics of room-temperature
microstructural evolution in copper films," Journal of Applied
Physics, vol. 94, pp. 2874-2881, Sep 2003.

P. Chaudhari, "Grain Growth and Stress Relief in Thin Films," in
Journal of Vacuum Science and Technology. vol. 9, 1972, pp.
520-522.

T. H. Courtney and T. Hugh, Mechanical behavior of materials. New
York McGraw-Hill New York, 1990.

R. M. Keller, S. P. Baker, and E. Arzt, "Quantitative analysis of
strengthening mechanisms in thin Cu films: Effects of film thickness,
grain size, and passivation," in Journal of Materials Research. vol.
13: Pittsburgh, PA: Published for the Materials Research Society by
the American Institute of Physics, ¢1986-, 1998, pp. 1307-1317.

R. Venkatraman and J. C. Bravman, "Separation of film thickness
and grain boundary strengthening effects in Al thin films on Si," in
Journal of Materials Research. vol. 7, 1992, pp. 2040-2048.

H. Lee, S. S. Wong, and S. D. Lopatin, "Correlation of stress and
texture evolution during self- and thermal annealing of electroplated
Cu films," Journal of Applied Physics, vol. 93, pp. 3796-3804, Apr
2003.

C. Cabral, P. C. Andricacos, L. Gignac, 1. C. Noyan, K. P. Rodbell,
T. M. Shaw, R. Rosenberg, J. M. E. Harper, P. W. DeHaven, and P.
S. Locke, "Room temperature evolution of microstructure and
resistivity in electroplated copper films," in Advanced Metallization
Conference, Colorado, 1998, p. 81.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


