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Abstract- The demanding task of assessing a long range
interconnect reliability can only be achieved by combination of
experimental and TCAD methods. A basis for TCAD tools is a
sophisticated physical model which takes into account the
microstructural characteristics of copper. In this work a general
electromigration model is presented with a special focus on the
influence of grain boundaries and mechanical stress. The possible
calibration and usage scenarios of electromigration tools are
discussed. The physical soundness of the model is proven by
three-dimensional simulations of typical dual-damascene
structures used in accelerated electromigration testing.

I. INTRODUCTION

The main challenge in electromigration modeling and
simulation is the diversity of the relevant physical phenomena.

Electromigration induced material transport is also
accompanied by material transport driven by the gradients of
material concentration, mechanical stress, and temperature
distribution. A comprehensive, physics based analysis of
electromigration for modern copper interconnect lines serves as
the basis for deriving sophisticated design rules which will
ensure higher steadfastness of interconnects against
electromigration.

An ultimate hope of integrated circuit designers today is to
have a computer program at hand which predicts the behavior of
thin film metallization under any imaginable condition.
Contemporary integrated circuits are often designed using
simple and conservative design rules to ensure that the resulting
circuits meet reliability goals. This precaution leads to reduced
performance for a given circuit and metallization technology.

Relaying of previous work we present our model which
reveals an improvement in two mayor points. Firstly a complete
integration of mechanical stress phenomena in the connection
with microstructural aspects in the classical multi-driving force
continuum model was performed, and, secondly, a new finite
element based scheme enabling an efficient numerical solution
of the three-dimensional formulation of the problem was
developed. The satisfying assessment of electromigration
reliability can only be achieved through combination of
experimental methods and utilization of TCAD tools.
Therefore, we also discuss a possible usage scenario of TCAD
tools in connection with results of accelerated interconnect tests.

Competitive reliability targets of chip failure rates have been
in the order of one per thousand throughout the anticipated life
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time in the field. The central problem of the interconnect design
for reliability is the determination of the long term interconnect
behavior.
The TCAD analysis of the electromigration reliability of
interconnect structures has to be carried out on at least two
levels. The first level is without any doubt a physical one, that
means application of most complete and comprehensive models
to interconnect portions of moderate size. The restriction in size
and complexity arises from the capacity of computers (memory,
computational time) but has also a cause in numerical issues.
The first level analysis is based on the simulation of the
behavior of characteristic portions of the interconnect, which,
known from experiments, represent a high electromigration risk.
The goal of the analysis by simulation is to determine the
time-to-failure distribution for this specific interconnect part.
The second level analysis combines the results of the first level
in order to assess electromigration reliability of an entire chip.

II. PHYSICALLY BASED MODELING

Preceding the consideration of the electromigration model
equation an electro-thermal problem has to be solved with the
goal to obtain an accurate temperature distribution.

All diffusivities in the electromigration model are thermally
activated and even a small error in the temperature calculation
can lead to a substantial error in the vacancy concentration and
stress calculation.

The bulk vacancy transport is given by the following balance
equation [1]:
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Here, kT is the thermal energy, Z ‘e is the effective valence,

Q is the volume of atom, and f is the vacancy to atom volume
ratio. D is the tensorial vacancy diffusivity which is in stress free
state set as D, =D,,5, » where p  is the isotropic bulk

bulk ij bulk
diffusivity.
Divergences of the vacancy flux produce local strain
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which is equilibrated by induced displacements in the copper
bulk u = (u,,u,,u;) according to the Lame-Navier equations,
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Here A and y are the Lame coefficients and p=1+24/3 .
Generally, an elastic deformation of the metal is assumed:

Tij = Z Crizne,
ijkl 4)

with the small displacement approximation:

€ij = l((}i —) ij=1,2,3.
2\0x; Oy (5)

Residual process stresses, thermo-mechanical stresses, and
electromigration induced stresses cause anisotropy of material
transport and therefore in (1) a tensorial diffusivity D must be
taken into account.

In order to consider the microstructure of copper, the bulk
model (1) is extended by fast diffusivity paths models, the most
significant of which is the grain boundary model, since it
describes also vacancy recombination.

Our modeling approach is based on models of Herring [2] and
Fisher [3], which deal with grain boundary mechanics and grain
bulk/boundary material exchange, respectively. To connect
these models a careful analysis of the chemical potential in the
vicinity of a grain boundary and in a grain boundary is
necessary.

For the chemical potential in the grain boundary we use
Herring's expression [2]:
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(6)
where we assume a unique equilibrium vacancy concentration
C! in stress free copper, both, in grain bulks and boundaries.

1, 1s some chemical reference potential, Tnn = 107 and 7 is

the normal to the grain surface.
The chemical potential of the vacancies in the bulk is given by

[4]:
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In the continuum modeling approach the grain boundary as a
vacancy transport medium is defined by the chemical potential.
This chemical potential is constant through the grain boundary
thickness and equal to the bulk chemical potential on the
interfaces to the bulk regions, eg. ulv(—5/2)=y1v(+5/2):ug,,»

Fig. 1. The vacancy fluxes on both sides of the grain boundary
given by:
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The difference JV2 - JV2 is an actual loss (gain) of vacancies

which is localized at the thin slice which represents the grain
boundary (in continuum modeling).
The recombination rate can now be approximated as:
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In order to include the effect of the grain boundary as a
vacancy sink (source) into the bulk vacancy transport model the
recombination term G has to be included in equations (1) and

):
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The full description of the atomic mechanisms of vacancy
generation and annihilation in grain boundaries goes beyond the
capability of continuum modeling and can only be obtained by
molecular dynamics methods.
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Fig. 1. The grain boundary according to Fisher's model and Herring's
relationship.

III. USAGE SCENARIO FOR TCAD TOOLS

Simulation can be used for extrapolation of long time
interconnect behavior on the basis of results of accelerated
electromigration tests. This capability is clearly superior to an
extrapolation by standard statistical methods which rely on
Black's equation and extrapolate a time-to-failure (TTF) for a
single interconnect structure. The usage of TCAD tools enables
a prediction of the behavior for structures which are obtained by
variation of geometrical properties and operating conditions of
a previously used initial test structure.

The assumed scenario for application of an electromigration
reliability TCAD tool is:

1. Model Calibration:
For this purpose we use one layout and many test units. At the
end of calibration all parameters of the model are fixed.



During this process, different microstructures are considered
and simulation parameters are varied with the goal to reproduce
experimental failure time statistics, cf. Fig. 2.

2. Model Application:.

The calibrated model is used for simulation. The simulation
extrapolates the behavior of the interconnect under real life
conditions.

For a given interconnect layout and monocrystalline material,
simulation will provide a unique time-to-failure. All impact
factors, e.g. geometry of the layout, bulk diffusivity, interface
diffusivity, and mechanical properties are deterministic and so
TTF is deterministic. However, the situation changes when the
interconnect possesses a microstructure. The microstructure has
a significant impact on electromigration, since it introduces a
diversity of possible electromigration paths and local
mechanical properties (the Young modulus and Poisson factor
depend on the crystal orientation in each grain). However, the
microstructure itself cannot be completely controlled by a
process technology. In other words, the position of grain
boundaries, angles in which they meet the interfaces, etc. cannot
be designed, the process itself determines only statistics of grain
sizes and textures.
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Fig. 2. Electromigration model calibration using a multitude of microstructural
inputs.
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IV. SIMULATION RESULTS

We have applied our model to the interconnect layout which has
been extensively used for accelerated electromigration tests [6].
This layout is typical for dual-damascene 0.18 pm technologies.
The Copper microstructure (Fig. 3) is set according to results of
EBSD (Electron Backscatter Diffraction) measurements [5].
The peak values of stress and the vacancy concentration values
are extracted from three extraction cylinders (C1, C2, and C3),
which are presented in Fig. 4a).

The solution of the electro-thermal problem sets the operating
conditions for electromigration simulation. The applied
mechanical, thermal, and electrical boundary conditions are
presented in Fig. 4b). The temperature T is set on constant
673 K which is the temperature level used in accelerated tests
[6] and the voltage is V=10 mV. The obtained average current
density is 10 MA/cm?. Due to the geometry of the problem and

the applied boundary conditions the temperature is only slightly
changed by Joule heating.

Fig. 3. Three-dimensional dual-damascene structure with polycrystalline
copper metallization.
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Fig. 4. a) Peak values for hydrostatic stress and vacancy concentration values
are extracted from cylinders C1, C2, and C3. b) Applied boundary conditions: A,
B: fixed temperature T=673K; C, D: voltage V=10 mV, upstream
electromigration from C3 to C1; E, F: mechanically fixed.

In dual-damascene copper technologies interfaces to capping
(etch-stop) layers are recognized as the fastest material
transport paths for standard capping dielectrics SiNx [6].
Experimental investigations have shown that for such cappings
critical voids are formed at the top corner of the cathode edge of
the metal line [7].

In order to properly include the effect of fast diffusivity paths,
grain boundary, barrier, and capping layer diffusivities are set
as 10% Dbulk, 10> Dbulk, and 10° Dbulk, respectively.

For a possible void nucleation high tensile stress and a local
interface defect are necessary. Therefore, the primary goal of
our investigation is to determine the sites, where high stresses
arise.
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Fig. 5. Time evolution of vacancy concentration at three characteristic spots of
the via.
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Fig. 6. Time evolution of tensile hydrostatic stress at three characteristic spots
of the via.

For this purpose we monitor the hydrostatic stress development
in three cylinders placed at the triple point next to cathode end of
the via (C1), at the portion of the capping layer which lays
directly above the via bottom (C2), and at the via bottom itself
(C3), cf. Fig. 4a).

Due to the geometry layout, the highest vacancy concentration
always develops at the bottom of the cathode end of the via
(C3), cf. Fig. 5.

The peak vacancy concentration on the sites Cl and C2
develops approximately in the same way, but the site of highest
stress (C1) does not coincide with the site of highest vacancy
concentration (C3) (Fig. 6).

The connection between tensile stress and local vacancy
concentration is defined through the relationships (10) and
overall mechanical equilibrium (3).

The local stress behavior does not depend only on the local
vacancy concentration, but also on mechanical conditions in the
neighboring areas. It is obvious that a defect site is necessary for
void nucleation and the coincidence of high vacancy
concentration and high tensile stress regions with triple points
(Fig. 7) indicates that triple points are natural locations of weak
adhesion. This assumption was also expressed in the discussion
of results of accelerated tests published in [5, 6].

The scenario of weak triple points in combination with a stress
threshold would allow multiple void nucleations in the short
time interval as it has actually already been observed [6].
These voids can migrate along the copper/capping layer
interface, from one triple point to another, and stop at the
corners above the via. Here, further void growth takes place
eventually resulting in a critical decrease in the effective
interconnect cross section leading to failure.

V. CONCLUSION

A comprehensive electromigration model is used as a basis for
development of a three-dimensional simulation tool. An
influence of residual and electromigration induced strains on
material transport is discussed and an earlier electromigration
model is extended by introduction of tensorial self-diffusivity.

A discussion of grain boundary physics is provided, whereas a
special focus was put on the enlightenment of the stress
influence on the grain boundary dynamics.

The physical soundness of the extended electromigration model
is verified with several simulation examples. The simulated
dynamics of early failure development is in good agreement
with experimental observations. The role of triple points
regarding void nucleation is discussed on the basis of
simulation and corresponding experimental results. A concept
for usage of TCAD tools in combination with experimental tests
is presented.

Fig. 7. Peak tensile stress tensor component distribution. Red (dark) color areas
marks peak tensile stress.

ACKNOWLEDGMENT

Support by the Austrian Science Fund with the project
P18825-N14 is gratefully acknowledged.

REFERENCES

[1] W. W. Mullins, “Mass Transport at Interfaces in Single
Component Systems,” Metall. Mater. Trans. A (USA), vol. 26,
no. &, pp. 1917-1929, 1995.

[2] C. Herring, “Diffusional Viscosity of Polycrystalline
Solid,” J. Appl. Phys., vol. 21, no. 5, pp. 437-445, 1950.

[3] J. C. Fisher, “Calculation of Diffusion Penetration Curves
for Surface and Grain Boundary Diffusion,” J. Appl. Phys.,

vol. 22, no. 1, pp. 74-77, 1951.

[4] F. C. Larche and J.W. Cahn, “The Interactions of
Composition and Stress in Cystalline Solids,” Acta metal.,

vol. 33, no. 3, pp. 331-357, 1985.

[5] E. Zschech and V. Sukharev, “A Model for
Electromigration-Induced = Degradation = Mechanisms  in
Dual-Inlaid Copper Interconnects: Effect of Interface Bonding
Strength,” J. Appl. Phys., vol. 96, no. 11, pp. 6337-6343, 2004.
[6] A. V. Vairagar, S. G. Mhaisalkar, A. Krishnamoorthy, and
K. N. Tu, “In Situ Observation of Electromigration-Induced
Void Migration in Dual-Damascene Cu Interconnect
Structures,” J. Appl. Phys., vol. 85, no. 13, pp. 2502-2504, 2004.
[71 V. Sukharev, E. Zschech, and W. D. Nix, “A Model for
Electromigration-Induced = Degradation =~ Mechanisms  in
Dual-Inlaid Copper Interconnects: Effect of Microstructure,”
J. Appl. Phys., vol. 102, no. 5, pp. 530501-530514, 2007.




<<
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /04b03
    /Abbess
    /Addled
    /Amethyst
    /Andorra
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /Babylon5Hollow
    /Ballet
    /BalloonExtra-Bold
    /Balthazar
    /BangleBold
    /BangleBoldItalic
    /BangleCondensedBold
    /BangleCondensedBoldItalic
    /BangleCondensedItalic
    /BangleCondensedNormal
    /BangleItalic
    /BangleNormal
    /BangleWideBold
    /BangleWideBoldItalic
    /BangleWideItalic
    /BangleWideNormal
    /BankGothicBT-Medium
    /BannerNormal
    /Barbatrick
    /Barlos-Random
    /BaskOldFace
    /BasqueNormal
    /Batang
    /BatangChe
    /Battlestar
    /Bauhaus93
    /Bebop
    /BellMT
    /BellMTBold
    /BellMTItalic
    /Benguiat-Bold
    /BenguiatITCbyBT-Bold
    /Bering
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhartNormal
    /BijouJL
    /BiminiNormal
    /BlackAdderII
    /BlackadderITC-Regular
    /Blackout
    /BladeRunnerMovieFont
    /BlueHighway
    /BlueHighwayBold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BolsterBold
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Borg9
    /Boron
    /BowNormal
    /BradleyHandITC
    /Brandish
    /BremenBT-Bold
    /BritannicBold
    /BroachNormal
    /BroachThinNormal
    /Broadway
    /Brush445BT-Regular
    /BrushScript
    /BrushScriptMT
    /BrushStroke26Normal
    /Brushstroke35Normal
    /Brussels
    /BussoNormal
    /Calligraphic
    /Calvin
    /CalvinItal
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /Commons
    /Coolsville
    /Corporate
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Crandall
    /Dayton
    /DicotMedium
    /Dominican
    /Dotum
    /DotumChe
    /Dynamic
    /DynamicItal
    /EdwardianScriptITC
    /Entrez
    /ForteMT
    /FragileBombers
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /Frantic
    /Freedom9Normal
    /Freedom9ThinNormal
    /FreestyleScript-Regular
    /FrutigerLinotype-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeotypeTT
    /GreekDinerInlineTT
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Harvest
    /HarvestItal
    /IglooLaser
    /Impact
    /ImprintMT-Shadow
    /InavelKusin
    /InavelMutant
    /InavelStorebror
    /InavelTjockaSlkten
    /InformalRoman-Regular
    /Ingenius
    /IrishParticipants
    /IsadoraCaps
    /JernaBold
    /KlingBold
    /KristenITC-Regular
    /Lissen
    /LucianoNormal
    /LucidaConsole
    /LucidaSansUnicode
    /Manorly
    /Margaret
    /Martina
    /MelodBold
    /MelodItal
    /MicrosoftSansSerif
    /Mingle
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Condensed
    /MyriadWebPro-CondensedItalic
    /MyriadWebPro-Italic
    /Niamey
    /November
    /NSimSun
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palent
    /PalentItal
    /Penultimate
    /PressWriterSymbols
    /Roland
    /Rondalo
    /RusselWriteTT
    /Salina
    /Scramble
    /SimHei
    /SimSun
    /Splash
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tarzan
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Toledo
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Unpact
    /Valken
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /WhimsyTT
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


