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Abstract

Flip-chip solder joints have become the most important
technology for high-density packaging in the microelectronic
industry. As the size of the joints progressively shrinks, the
carried current density increases. The octagonal passivation
opening is now used in packaging industry. The shape effect
of passivation opening on its electric behavior during
electromigration is clear. This study investigates current
density and temperature distribution in eutectic SnAg solder
joints with various dimensions on different shapes of
passivation opening, including circles, semicircle, squares,
octagons, and D-shapes. Three-dimensional electric
simulation was carried out to simulate the current and
distribution of different passivation opening. According to the
results, the maximum current density in the solder joints with
square, D-shaped, semicircular passivation opening are lower
than that with circular passivation opening under the same
contact area. Because the electric current is dispersed along
one edge near to the entrance of the Al trace, the current
crowding effect is relieved to some extent. The linear measure
of the edge near to the entrance of the Al trace is defined as
contact length. The contact length dominates the dispersion of
current. The semicircular passivation opening has the longest
contact length which makes current spread uniformly before
entering the solder joint, so the crowding ratio is lowest.
However, the D-shaped and square passivation opening also
possess higher capability to reduce current crowding effect.
Furthermore, the D-shaped passivation opening has two
advantages which include longer contact length and larger
contact area. The contact area make current travel further
before entering the solder joints and offers more space for the
depletion of voids. It also enhance the life time. The sequence
of cutting circular from one side near the current entrance to
the center of the circular passivation opening is also studied
by electric simulation. Even though the contact area decreases,
the smaller distance from the center of circular passivation
opening to the cur edge has better ability to reduce the
crowding effect due to the longer contact length. Finally, the
current density that is obtained from the simulation can be
used to estimate mean-time-to-failure (MTTF) of the joints.
Through changing the shape of passivation opening from
circle to semicircle, the MTTF can be enhanced to 3.84 times.
This study provides the guideline of an optimal design rule for
the shape of the contact opening flip-chip solder joints.

Introduction

As the electronic technology progresses rapidly, the size of
entire die reduces and the density of input/output (I/0)
increases so the flip-chip technology has been adopted in
microelectronic technology recently. Flip-chip has excellent
electrical ~characteristic and superior heat dissipation
capability [1]. To date, the dimension of each bump shrinks to
100 um or less. The design rule of packaging dictates is likely
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to carry current of 0.2 to 0.4A, and therefore the current
density in the solder bump may increase over 1x10* A/em®.
The electromigration becomes an important reliability issue.
Besides, serious current crowding happens because of the line-
to-bump structure [3, 4, 5. 6]. Due to current crowding effect,
the non-uniform current density distribution in a solder joint
causes non-uniform drift velocity. The drift velocity is
proportional to the current density and non-uniform
temperature distribution inside a solder joint [7]. Thus,
reduction in current crowding renders a longer
electromigration time.

Current density is affected by many factors such as the
under bump metallization (UBM) material, the design of Al
trace, the thickness of UBM, the size of contact opening, and
so on [8,9]. According to 3-D simulation results, the current
crowding effect decreases when the thickness of UBM
increases [10]. The shape effect of passivaton on its electric
behavior during electromigration is unclear. In this study, 3-D
finite element simulation is used to investigate the current
density distribution in eutectic SnAg solder joints with
different shapes of passivation opening under current stressing
and to figure out the optimal design of passivation opening for
relieving the current crowding in solder joints. In 1969, James
R. Black delineated the equation that explained the mean-
time-to-failure (MTTF) in the presence of electromigration
[11]. The relationship between the MTTF and the shape effect
of passivation opening is also estimated by simulation in this
study. Furthermore, the larger contact area provides more
space for migration of voids and enhances longer depletion
time of voids [12]. It also increases the reliability of solder
joints.

Simulation

The basic cross-sectional schematic model for the solder
joints and the definition of contact length used in this study is
shown in Fig. 1.

(a) 120 m

Alpad 1.5um  (b)
o 2pum
CugSng 4 um

Fig. 1. (a)The cross-sectional schematic models for the solder
joints. (b) Schematic drawing with the direction of current in
simulation model
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The thickness of UBM is 2-um Cu and the diameter of
UBM opening is 120 um. The diameter of Al pad is 120 um.
The dimension of the Al trace is 1.5 pm thick, 250 pm long,
and 80 um wide, whereas the Cu line on the substrate side is
25um thick, 150 um long, and 80 pm wide. The diameter of
Cu pad is 200 pm. Besides, the intermetallic compounds
(IMCs) of CueSns are formed at the interfacial of the UBM
and the solder. The thickness of the IMCs is 1 um. The
eutectic SnAg is adopted in this study. The bump height is 70
pm and the diameter of bump is 140 um. On the substrate
side, NizSny IMCs of 1 pum was adopted for the Ni
metallization. Furthermore, the resistivities of the materials
used in simulation are reported by S. W. Liang et al [8, 13].
The finite-element method is used to obtain the current density
distribution in the flip-chip solder joints.

The various shapes of the passivation opening that are
used in this study are circular, octagonal, square, D-shaped
and semicircular shown in Figure 2(a), 2(b), 2(c) 2(d) and
2(e). The contact length is defined as the linear measure of the
edge near the current entrance as shown in Fig.2. For the
circular passivation opening, the diameters are 40, 60, 80, 100,
and 110 pum. The contact lengths of the octagonal passivation
opening are 15, 23, 31, 38, and 42um. The dimensions of the
square passivation opening are 24x24, 36x36, 42x42, 48x48,
60x60, and 72x72 pm’. The diameters of the original D-
shaped passivation opening are 40 pum, 60 um, 80 pum, 100
pm, and 110 pm. The contact lengths of the semicircular
passivation opening are 42, 60, 72, 80, and 100 um. All sets of
solder joints are stressed by 0.8 A.

Fig. 2. Various shapes of passivation opening and definition of
the contact length(L): (a) circle (b) octagon (c) square
(d) D-shape (e) semicircle

3. Results and Discussion

According to the simulation result, the maximum current
densities in solder joints are 5.1x10%, 4.4x10% 4.1x10",
4.1x10%, and 4.4x10° A/em® for the circular passivation
opening with diameter of 40, 60, 80, 100, and 110 pm,
respectively. The corresponding crowding ratios are 7.1, 6.2,
5.8, 5.8, and 6.2. The crowding ratio is obtained by dividing
the maximum current density by the average current density.
As the diameter of circular passivation opening increases, the
maximum current density in solder joint decreases, but it has a
minimum value around 100 pm. When the diameter of
circular passivation opening surpasses 100 um and is close to
the diameter of UBM opening, the maximum current density
in solder joint increases slightly. Figure 3(a) through 3(e)
show the current density distribution in the solder joints with

circular passivation opening model with diameters of 40, 60,
80, 100, and 110um, respectively. For the solder bumps with
circular passivation openings, current crowding effect takes
place in a small contact area near the entrance point of
electron flow. When the diameter increases, the enlarged
contact area helps the dispersion of current and relieves the
current crowding effect. However, when the diameter of
circular passivation opening is close to the UBM opening, the
current directly enters UBM without dispersing and

accumulates at the point of contact area.

N
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Fig. 3. The current density distribution in solder joints with
different diameters of circular passivation opening (a) 40 pm
(b) 60 um (c) 80 pum (d) 100 pm (e) 110 um

In some company, the octagonal passivation opening is in
use due to restriction of manufacture. The maximum current
densities in solder joints are 5.3x10% 4.6x10% 4.2x10%
4.1x10%, and 4.2x10* A/em® for the octagonal passivation
opening with the contact length of 15, 23, 31, 38, and 42 pm,
respectively. The corresponding crowding ratios are 7.5, 6.5,
5.9, 5.8, and 5.9. It cannot decrease current crowding
effectively. Because the octagonal passivation opening
confines the contact length to the UBM opening, the contact
lengths are lower than other designs. Without long contact
length, current also concentrated on the small edge near the
entrance of electron flow which is shown in Fig. 4. Just as the
circular passivation opening, when the contact area increases
to approach to the UBM opening, the current cannot disperse
with effect and the crowding ratio increase slightly.

1x10*  3x10° 1x1ﬂ‘ 3x10%  1x108
Fig. 4. The current density distribution in solder joints with
different contact lengths of octagonal passivation opening (a)
15 um (b) 23 um (¢) 31 pm (d) 38 pum (e) 42 um
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For the square passivation opening, the maximum current
densities in solder joints are 6.1x10% 4.9x10* 4.5x10%
42x10*, 3.6x10*, and 3.1x10* A/em® for the square
passivation opening with the contact area of 24x24, 36x36,
42x42, 48x48, 60x60, and 72x72 umz, respectively;
moreover, the corresponding crowding ratios are 8.7, 7.0, 6.4,
6.0, 5.2, and 4.4. The current density distributions of square
passivation opening are shown in Fig. 5. Unlike the circular
passivation opening models, the square passivation opening
spreads the current crowding point into a region along the
edge near the entrance point of electron flow. Therefore, the
current crowding effect for the solder joints with circlular
passivation openings is more serious than those with square
passivation openings. However, when the square of
passivation opening shrinks too much, the maximum current
density increases rapidly due to the relatively smaller contact
area. In the Figure 5(a), the current concentrated on the entire
contact window so a smaller square passivation opening
renders higher maximum current density. Furthermore, the
UBM opening area imposes a restriction on enlarging the
contact area of square passivation opening. So the area of the
square opening cannot extend lager than 72x72 pm®

_L_
0 1000 3000 1x104 3x10* 1x10° 3x10° 1x10%

(a)

Fig. 5. The current density distribution in solder joints with
different dimensions of square passivation opening (a) 24x24
pm? (b) 36x36 pm? (c)42x42um?* (d)48x48um? (¢)60x60um?

(£)72x72 pm?

In terms of D-shaped passivation opening, the maximum
current densities in solder joints are 5.2x10% 4.2x10%
3.6x10% 3.2x10% and 3.2x10* A/em® for the solder joint with
a diameter of 40, 60, 80, 100, and 110 pum original circular
passivation  opening, respectively. In addition, the
corresponding crowding ratios are 7.3, 6.0, 5.1, 4.5, and 4.5.
The current density distributions in solder joints with D-
shaped passivation opening are shown in Figure 6. The D-
shaped passivation opening combines two advantages. Not
only can current be dispersed over wider contact length at the
current entrance but also a greater amount of current can
travel further before flowing down into a solder joint due to
the larger area of contact opening. Furthermore, the D-shaped
passivation opening also provides larger area for depletion of
voids. It enhances the reliability of devices.
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Fig. 6. The current density distribution in solder joints with
different diameters of D-shaped passivation opening (a) 40 um
(b) 60 um (c) 80 pum (d) 100 um (e) 110 um

The semicircular passivation opening can provides largest
contact length as shown in Fig.7 (e), so the maximum current
density in solder joints can reduce considerably. The
maximum current densities in solder joints are 5.4x10%
4.1x10%, 3.6x10%, 3.2x10%, and 2.6x10* A/em® for the
semicircular passivation opening with the contact length of 42,
60, 72, 80, and 100 pum respectively. The corresponding
crowding ratios are 7.6, 5.8, 5.0, 4.6, and 3.6. Along the edge
of the entrance of electron flow, the current spread uniformly
and the current crowding effect reduces quite substantially.

1000 3000 1x10% 310* 1105 3x10° 1x10%
Fig. 7. The current density distribution in solder joints with
different contact lengths of semicircular passivation opening
(a) 42 um (b) 60 pm (¢) 72 um (d) 80 um (e) 100um

When different designs of passivation opening have same
contact length, the semicircular passivation opening has the
longest contact length and reduces crowding ratio remarkably.
The relationship between contact length and contact area are
list in Table. 1, which is arranged in descendant order. In
terms of the same contact area, the ability of dispersing
current and reducing crowding effect from excellent to weak
is semicircular, square, D-shaped, and octagonal passivation
opening as the order of contact length.
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Fig. 8. Crowding ratio as a function of contact opening area
for the five designs of passivation opening

Table 1. The contact area (A) denotes the contact length (L) of
different designs of passivation opening.

Passivation Semicircle square D-shape octagon
opening
Contact 1 1 1 1
length(L B B B B
ength(L) 1.6 A2 A? 084 A2 | 046 A?

Conversely, the octagonal passivation opening has the
largest contact area of other designs which have the same
contact length according to Table 1. If the contact lengths are
equivalent, the larger contact areas make current spread
further in UBM before entering solder joints and decrease the
crowding ratio. This is shown in Fig. 9.
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Fig. 9. Crowding ratio as a function of contact length for
the four designs of passivation opening

The electric simulation results of cutting circular
passivation opening from one side that current flow into to the
center of circular passivation opening are shown in Fig. 10
and 11. The distance between the center of circular
passivation opening and the cut edge is defined as d. As d is
50um, Fig. 10(f) is circular passivation opening. As d is 0 um
Fig. 10(a) is semicircular passivation opening cut from
circular passivation opening. As d becomes smaller, the
contact length becomes longer. Owing to the longer contact
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length, the crowding ratio decreases obviously. Although the
contact area is also smaller, the longer contact length is major
factor that relieves current crowding.

1000 3000

1x104 3x10¢  1x10° 3x10° 1x108

Fig. 10. The current density distribution in solder joints with
different distance between the center of circular passivation
opening and the cut edge (a) 0 pm (b) 10 um (c) 20 um (d) 30
pm (e) 40 um ()50 um

crowding ratio

|
5 0 5 10 15 2 2% 30 3B 4 50 55
The distance between the center of the circle and the cut edge {(um)

L
45

Fig. 11. Crowding ratio as a function of the distance between
the center of circular passivation opening and the cut edge

Furthermore, the effect of the shape of passivation opening
on the MTTF can be estimated by the equation that is
delineated by James R. Black [11]. The equation express as

MTTF = Aiexp (&)
" kT

where A is a constant, J is current density, n is model
parameter, Q is activation energy, k is Boltzmann’s constant,
and T is average bump temperature in degrees Kelvin. If we
take n=2, compared with the MTTF of the circular passivation
opening whose diameter is 40 um, the MTTF of the D-shaped
passivaton opening with the diameter 100 um is increased to
2.6 times; the MTTF of the square passivation opening with
contact length 72 um is increased to 2.7 times and the MTTF
of semicircular passivation opening with the contact length
100um is even enhanced to 3.84 times. By modifying the
shape of passivation opening, the electromigration lifetime
can be enhanced remarkably.
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Conclusions

In summary, the shape of the passivation opening plays a
crucial role in the current crowding effect and the MTTF.
Both increasing contact lengths and contact areas will reduce
the crowding effect. The contact lengths dominate the
dispersion of current. The semicircular passivation opening
has best capability for relieving current crowding among the
five designs due to the longest contact length. However, the
properties of square and D-shaped passivation opening still
have lower maximum current density than that of circular
passivation opening. By changing circular passivation opening
to semicircular passivation opening, the mean time to failure
MTTF would increase about 3.84 times due to lower
maximum current density. Besides, the D-shaped passivation
opening not only possesses long contact length that reduces
the crowding effect but also provides more space for depletion
of voids. That also enhances the life time. This study provides
a guideline for optimal design rule of passivation opening for
prolonging MTTF and enhancing the reliability.

Acknowledgments

The authors would like to thank the National Science
Council of the R.O.C. for financial support this research
through grant No. NSC 95-2221-E-009-088MY3. In addition,
the assistance on simulation facility from the National Center
for High-performance Computing (NCHC) in Taiwan is
highly appreciated.

References

1. J. H. Lau, “Flip Chip Technology” (McGraw-Hill, New
York, 1995), p123.

2. K. Zeng and K. N. Tu, Mater. Sci. Eng. Rep. R38, 55-105
(2002).

3. E. C. C. Yeh, W. J. Choi, K. N. Tu, P. Elenius, and H.
Balkan, Appl. Phy. Lett. 80, 580 (2002)

4. W. . Choi, E. C. C. Yeh, and K. N. Tu, J. Appl. Phys. 94,
5665 (2003)

5. T. L. Shao, S. W. Liang, T. C. Lin, and Chih Chen, J. Appl.

Phys. 98, 044509 (2005)

. T. L. Shao, Thesis, National Chiao Tung University, 2005

E. C. C. Yeh, W. J. Choi, K. N. Tu, P. Elenius, and H.

Balkan, Appl. Phy. Lett. 80, 580 (2002).

8. S. W. Liang, T. L. Shao, Chih Chen, Everett C. C. Yeh,
and K. N. Tu, J. Master. Res. 21, 1(2006)

9. S. W. Liang, Y. W. Chang, and Chih Chen, J. Appl. Phys.
88, 172108 (2006)

10. S. W. Liang, Y. W. Chang and Chih Chen, J. Electron
Mater. 36, 2 (2007)

11. J. R. Black , IEEE Trans. Electron Devices ED-16, 338
(1969)

12. S. W. Liang, Y. W. Chang and Chih Chen, J. Electron
Mater. 37, 7 (2008)

13. T. L. Shao, S. W. Liang, T. C. Lin, and Chih Chen, J.
Appl. Phys. 98, 044509 (2005)

= o

388

2009 11" Electronics Packaging Technology Conference




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


