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Copper(Cu) as an interconnecting metal layer can replace aluminum (Al) in IC fabrication since Cu has
low electrical resistivity, showing high immunity to electromigration compared to Al. However, it is very
difficult for copper to be patterned by the dry etching processes. The chemical mechanical polishing (CMP)
process has been introduced and widely used as the mainstream patterning technique for Cu in the fabrication
of deep submicron integrated circuits in light of its capability to reduce surface roughness. But this process
leaves a large amount of residues on the wafer surface, which must be removed by the post-CMP cleaning
processes. Copper corrosion is one of the critical issues for the copper metallization process. Thus, in order
to understand the copper corrosion problems in post-CMP cleaning solutions and study the effects of DC
biases and post-CMP cleaning solution concentrations on the Cu film, a constant voltage was supplied at 
various concentrations, and then the output currents were measured and recorded with time. Most of the
cases, the current was steadily decreased (i.e. resistance was increased by the oxidation). In the lowest
concentration case only, the current was steadily increased with the scarce fluctuations. The higher the 
constant supplied DC voltage values, the higher the initial output current and the saturated current values.
However the time to be taken for it to be saturated was almost the same for all the DC supplied voltage
values. It was indicated that the oxide formation was not dependent on the supplied voltage values and
1 V was more than enough to form the oxide. With applied voltages lower than 3 V combined with any
concentration, the perforation through the oxide film rarely took place due to the insufficient driving force
(voltage) and the copper oxidation ceased. However, with the voltage higher than 3 V, the copper ions
were started to diffuse out through the oxide film and thus made pores to be formed on the oxide surface,
causing the current to increase and a part of the exposed copper film inside the pores gets back to be
oxidized and the rest of it was remained without any further oxidation, causing the current back to decrease
a little bit. With increasing the applied DC bias value, the shorter time to be taken for copper ions to
be diffused out through the copper oxide film. From the discussions above, it could be concluded that
the oxide film was formed and grown by the copper ion diffusion first and then the reaction with any
oxidant in the post-CMP cleaning solution.
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1. Introduction

  Copper(Cu) as an interconnecting metal layer can replace 
aluminum (Al) in IC fabrication since Cu has low elec-
trical resistivity, showing high immunity to electromigra-
tion compared to Al.1)-3) The electrical conductivity of Cu 
is 35% higher than that of Al and electromigration resist-
ance is 2-4 orders higher than that of Al.4) Because of 
its higher electrical conductivity and electromigration re-
sistance copper metallization can significantly decrease 

RC delay and increase device speed and reliability. In ad-
dition, its excellent thermal conductivity and low electrical 
resistivity can also help to reduce the power consumption 
of semiconductor devices. However, it is very difficult for 
copper to be patterned by the dry etching processes. The 
chemical mechanical polishing (CMP) process has been 
introduced and widely used as the mainstream patterning 
technique for Cu in the fabrication of deep submicron in-
tegrated circuits in light of its capability to reduce surface 
roughness.5)-6) CMP is a process of smoothing surfaces 
with the combination of chemical and mechanical forces, 
it can be thought of as a hybrid of chemical etching and 
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free abrasive polishing.1)-3)

But this process leaves a large amount of residues on 
the wafer surface, which must be removed by the post- 
CMP cleaning processes. The major residues include abra-
sives from the slurry, undesired metallic ions and other 
chemical components.7) Therefore, the post-CMP cleaning 
has to be introduced in order to remove residues derived 
from the slurry. Extensive studies have been carried out 
to enhance post-CMP cleaning ability.8)-10) However, there 
have been few studies on corrosion occurring during 
Furthermore, the copper corrosion phenomenon during the 
post-CMP cleaning process must be prevented.11) Copper 
is very easily corroded in a wet environment and its oxida-
tion is not self-limiting like aluminum. Thus copper corro-
sion is one of the critical issues for copper metallization 
processes. Severe corrosion can directly cause wafer low 
yield and any minor corrosion can lead to a potential reli-
ability issues.12) Any minor corrosion will result in copper 
voids at the copper surface, either interfaced with barrier 
metal or nitride. So, understanding and controlling copper 
corrosion are very important to improve the device 
reliability.
  Thus, in order to understand the copper corrosion prob-
lems in post-CMP cleaning solutions and study the effects 
of DC biases and post-CMP cleaning solution concen-
trations on the Cu film, a constant voltage was supplied 
at various concentrations, and then the output currents 
were measured and recorded with time.

2. Experimental procedure

  The 304 stainless steel plate (10x20x1.5 mm3) was used 
as a cathode material. The 1,500 nm PVD Cu / Ta 25 
nm 150 mm Prime p-type(1-0-0) wafer (SKW Associates, 
Inc. 2920 Scott Blvd. Santa Clara, CA 95054, USA) was 
used as an anode material. The wafer was cut into pieces 
(15x10 mm2) using a low-speed diamond saw. The current 
measurements were done using the 34401A digital multi-
meter (Agilent Technologies, Inc. 5301 Stevens Creek 
Blvd. Santa Clara CA 95051). Prior to the measurement, 
the stainless steel plates (10x20x1.5 mm3) were polished 
with silicon carbide abrasive paper (#600 grit) and cleaned 
in the ultrasonic cleaner for 10 minutes using acetone, 
ethanol, de-ionized water sequentially, and followed by 
blow-drying with the compressed air gun. 
  To start the measurements, 60 ml of deionized water 
was poured into the 100 ml size beaker and 0.15 mL, 
0.3 ml, 0.6 ml, 1.2 ml of the most widely used Wako 
Clean-100(Wako Pure Chemical Industries, Ltd. 1-2, 
Doshomachi 3-Chome, Chuo-Ku, Osaka 540-8605, Japan) 
post-CMP cleaning solution was injected into the beaker 

using a syringe to make 50:1, 100:1, 200:1, 400:1 diluted 
solutions. The anode and cathode electrodes were installed 
in the diluted solution and the distance between the anode 
and cathode electrodes was maintained to 2.5 cm. The 
anode area size immersed inside the diluted solution was 
controlled to 5x10 mm2. The potential voltages were meas-
ured and recorded with time by the 34401A digital 
multimeter.
  Constant voltage measurements were performed with 
the E3634A DC power supply (Agilent Technologies, Inc. 
5301 Stevens Creek Blvd. Santa Clara CA 95051). 
Constant voltage values were set at 1 V, 2 V, 3 V, 4 
V, and 5 V, respectively, and the output currents were 
measured and recorded with time. The surface micro-
structures were examined at the magnification of 2,000 
using the optical microscope (PSM1000SH, Motic Inc. 
Hong Kong) with the digital camera.

3. Results and discussion

  In order to study the effect of DC biases and post-CMP 
cleaning solution concentrations on the Cu film, a constant 
voltage was supplied at 1 V, 2 V, 3 V, 4 V, and 5 V, 
respectively at various concentrations (50:1, 100:1, 200:1, 
400:1), and then the output currents were measured and 
recorded with time as shown in Fig. 1. The current was 
decreased sharply and then stabilized. It could be ex-
plained by the oxide film formation on the copper film 
and the oxide film was not growing any further. The higher 
the constant supplied DC voltage values, the higher the 
initial output current and the saturated current values.  
However the time to be taken for it to be saturated was 
almost the same for all the DC supplied voltage values. 
It was indicated that the oxide formation was not depend-
ent on the supplied voltage values and 1 V was more than 
enough to form the oxide. However, with the applied volt-
age higher than 3 V and the concentration higher than 
1:200, the current was not stabilized, but increased initially 
and then decreased a little. It could be explained that cop-
per ions underneath the copper oxide film perforated the 
copper oxide film, making pores to be formed on the sur-
face of copper oxide film and thus the copper film was 
exposed directly to the electrolyte and oxidized. With ap-
plied voltages lower than 3 V combined with any concen-
tration, the perforation through the oxide film rarely took 
place due to the insufficient driving force (voltage) and 
the copper oxidation ceased. However, with the voltage 
higher than 3 V, the copper ions were started to diffuse 
out through the oxide film and thus made pores to be 
formed on the oxide surface, causing the current to in-
crease and a part of the exposed copper film inside the 
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Fig. 1. Measured currents with time at various concentrations (a)1:50, (b)1:100, (c)1:200, (d)1:400.

  

(a) (b)
Fig. 2. Resistances at various concentrations (a) 1:50, 1:100 (b) 1:200, 1:400.

pores gets back to be oxidized and the rest of it was re-
mained without any further oxidation, causing the current 
back to decrease a little bit. With increasing the applied 
DC bias value, the shorter time to be taken for copper 
ions to be diffused out through the copper oxide film. 

From the discussions above, it could be concluded that 
the oxide film was formed and grown by the copper ion 
diffusion first and then the reaction with any oxidant in 
the post-CMP cleaning solution. The higher applied DC 
bias values, the shorter time to be taken for copper ion’s 
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Fig. 3. Copper wafer surface morphologies examined by the optical microscope (a) before the oxidation, (b) after the oxidation.

perforation and creating pores on the oxide surface such 
as 66, 16, 11 seconds for the applied 2 V, 3 V, and 4 
V DC bias values, respectively. 
  As shown in Fig. 2, the resistances decreased with in-
creasing concentrations, which could be explained that the 
resistance due to the electrolyte (the post-CMP cleaning 
solution) was getting smaller, thus total resistance de-
creased. As for 1:100 and 1:50, their resistances showed 
a minimum compared to those for 1:200 and 1:400. With 
concentrations higher than 1:100 combined with the ap-
plied DC bias, it was observed that the copper film was 
ripped off completely and the copper ions were deposited 
on the surface of the cathode. It could be justified that 
there were not enough oxidants in the electrolyte to react 
with copper ions as quickly as coppers ions knocked off 
from the anode and the copper film removal is only due 
to the applied external bias. Thus, without the applied ex-
ternal bias, it would be difficult for copper film to be etch-
ed out only due to the chemical reaction with the post- 
CMP cleaning solution.
  Fig. 3 shows the surface morphologies that were exam-
ined at the magnification of 2,000 using the optical micro-
scope before and after the oxidation. Copper film was very 
smooth before the oxidation. However, as shown in Fig. 
3, with the applied voltage, the surface roughness was in-
creased after the oxidation.

4. Conclusions

  Copper corrosion is one of the critical issues for various 
semiconductor manufacturing processes. So in order to un-
derstand the characteristics of copper corrosion by the 
electrical test, the correlations of the different magnitude 
of applied voltages and concentrations were investigated 
with time. Most of the cases, the current was steadily de-
creased (i.e. resistance was increased by the oxidation). 

In the lowest concentration case only, the current was 
steadily increased with the scarce fluctuations. The higher 
the constant supplied DC voltage values, the higher the 
initial output current and the saturated current values.  
However the time to be taken for it to be saturated was 
almost the same for all the DC supplied voltage values. 
It was indicated that the oxide formation was not depend-
ent on the supplied voltage values and 1 V was more than 
enough to form the oxide. With applied voltages lower 
than 3 V combined with any concentration, the perforation 
through the oxide film rarely took place due to the in-
sufficient driving force (voltage) and the copper oxidation 
ceased. However, with the voltage higher than 3 V, the 
copper ions were started to diffuse out through the oxide 
film and thus made pores to be formed on the oxide sur-
face, causing the current to increase and a part of the ex-
posed copper film inside the pores gets back to be oxidized 
and the rest of it was remained without any further oxida-
tion, causing the current back to decrease a little bit. With 
increasing the applied DC bias value, the shorter time to 
be taken for copper ions to be diffused out through the 
copper oxide film. From the discussions above, it could 
be concluded that the oxide film was formed and grown 
by the copper ion diffusion first and then the reaction with 
any oxidant in the post-CMP cleaning solution.

References

1. R. Rosenberg, D. C. Edelstein, C. K. Hu, and K. P. 
Rodbell, Annu. Rev. Mater. Sci., 30, 229 (2000).

2. J. M. Steigerwald, S. P. Murarka, R. J. Gutmann, and 
D.J. Duquette, Mater. Chem. Phys., 41, 217 (1995).

3. P. B. Zantye, A. Kumar, and A. K. Sikder, Mater. Sci. 
Eng. R., 45, 89 (2004).

4. L. Arnaud, G. Tartavel, T. Berger, D. Mariolle, Y. Gobil, 
and I. Touet, Microelectron. Rel., 40, 77 (2000). 

5. M. Kodera, Y. Nishioka, S. Shima, A. Fukunaga, and 



YONG K. LEE AND KANGSOO LEE

280 CORROSION SCIENCE AND TECHNOLOGY Vol.9, No.6, 2010

M. Tsujimura, J. Appl. Phys., 10, 677 (2008).
6. A. Nishi, M. Sado, T. Miki, and Y. Fukui, Appl. Surf. 

Sci., 470, 203 (2003).
7. L. Zhang, S. Raghavan, and M. Weling, J. Vac. Sci. 

Technol. B, 17, 2248 (1999).
8. F. Zhang, A. A. Busnaina, and G. Ahmadi, J. Electro-

chem. Soc., 146, 2665 (1999).
9. Y. K. Hong, D. H. Eom, S. H. Lee, T. G. Kim, J. 

G. Park, and A. A. Busnaina, J. Electrochem. Soc., 151, 

   G756 (2004).
10. D. Ng, S. Kundu, M. Kulkarni, and H. Liang, J. 

Electrochem. Soc., 155, H64 (2008).
11. Tung Ming Pan, Tan Fu Lei, Fu Hsiang Ko, Tien Sheng 

Chao, Ming Chi Liaw, Ying Hao Lee, and Chih Peng 
Lu, J. Electrochem. Soc., 49, G336 (2002).

12. D. Ernur, S. Kondo, D. Shamiryan, and K. Maex, 
Microelectron. Eng., 64, 117 (2002).



<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Algerian
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /DungunM
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoM-HM
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2mppB
    /H2mppL
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HYbdaL
    /HYbdaM
    /HYBuDle-Medium
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYGraPhic-Bold
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /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
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /MicrosoftSansSerif
    /MingLiU
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /SanHgM
    /SanIgM
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /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
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 1200
  /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

  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


