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Abstract 
We proposed a new fast switchable patterned vertical alignment 
(PVA) mode using UV curable reactive mesogen (RM) which was 
mixed with vertical alignment layer. In this mixed alignment layer, 
the pretilt angle was controlled according to an applied voltage 
during UV exposure for curing the RM. As a result, the response 
time was dramatically improved at the whole grey levels by 
controlling the pretilt angle in conventional PVA mode. 

1. Introduction 
The thin-film transistor liquid crystal displays (TFT-LCDs) 
have been much attention due to the advantages of high 
resolution, light weight, slim thickness, and low power 
consumption. For realizing the high performance display, 
many research groups and companies have been developing 
new LC modes such as in-plane switching (IPS) [1], fringe-
field switching (FFS) [2,3], multi-domain vertical alignment 
(MVA) [4], and patterned vertical alignment (PVA) [5,6]. 
Among them, PVA mode is one of the most useful modes for 
large size LCD applications due to rubbing free fabrication 
process, high contrast ratio at normal direction, and wide 
viewing angle characteristics through multi-domain 
structures controlled by a fringe field effect from patterned 
electrodes. However, the PVA mode reveals low 
transmittance and slow response time, particularly for rising 
time due to the formation of disclination between the LC 

molecules in the presence of an electric field. In order to 
remove disclination and resultantly improve the response 
time, a polymer stabilized PVA (PS-PVA) mode was 
suggested in which the mixture of the LCs with reactive 
mesogen (RM) was used to generate pretilt angle within the 
patterned electrodes [7,8]. In the PS-PVA mode, the pretilt 
angle is determined by polymerization of RM monomers in 
the presence of an electric field. Due to the pretilt angle, 
threshold voltage was decreased and response time is 
drastically improved in the PS-PVA mode. However, since 
the remaining uncured RM monomers in LCs would be acted 
as impurities in the LCs, it is possible to generate severe 
image degradation such as image sticking. 

In this report, we presented a new PVA mode with 
controlled alignment layers in which the RM monomers were 
mixed not with the LCs but with the alignment layers, namely 
surface controlled PVA (SC-PVA) mode. Like as the PS-PVA 
mode, the pretilt angle was defined by polymerization of the 
RM monomers in the alignment layer through the UV exposure 
in the presence of an electric field. In other word, when the 
electric field is applied, a falling direction of the LC directors 
is defined and the pretilt angle is introduced by polymerization 
of the RM monomers along the LC molecules. As a result, the 
SC-PVA mode shows dramatic improvement of response time 
in whole grey levels without any defects or disclinations. 
Moreover, since the RM monomers are confined in alignment 
layers, the uncured monomer does not generate any severe 
degradation of image quality unlike the PS-PVA mode. 

Figure 1. The schematic diagram and fabrication process of the SC-PVA mode. 
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2. The configuration of the SC-PVA mode 
In the conventional PVA mode, as aforementioned, the 

response time is intrinsically slow due to no preference of LC 
director rotation in the center of the patterned electrodes. Such 
ambiguousness of the director rotation is originated from no 
rubbing process. In general, when an electric field is applied, the 
LC molecules with a negative dielectric anisotropy are randomly 
rotated perpendicular to the electric field without any azimuthal 
preference in the PVA mode. Then, the LC directors are reoriented 
to a certain azimuthal direction to minimize elastic free energy. 
Due to this reorientation process, the rising time of the PVA mode 
should be slow. Through introducing the preference of the director 
rotation controlled by the pretilt, it would be expected that the 
response time is dramatically reduced. 

Figure 1 shows the schematic diagram and fabrication 
process of the SC-PVA mode proposed here. The mixture of the 
vertical alignment materials and the RM monomers was coated on 
patterned ITO substrates which have chevron-shaped electrodes. 
The thickness of the sample cell was maintained by using glass 
spacers and the LC of MLC-6610 (E. Merck) was filled. In the 
absence of an applied voltage, the LC molecules were aligned 
vertically and the RM monomers randomly distributed in the 
vertical alignment layer of AL60101 (JSR). When the voltage was 
applied slightly above a threshold voltage (Vth), the LC molecules 
are tilted downward due to the negative dielectric anisotropy in 
four different diagonal directions as same as that of a conventional 
PVA mode. Then, the LC directors were aligned to a certain 
azimuthal direction to minimize elastic free energy. 
Simultaneously, the RM monomers in the alignment layer were 
also aligned along the LC molecules since the interaction between 
the LC molecules and RM monomers with the nematic LC phase. 
In this situation, the cell was exposed to the UV light for 30 min 
and then the RM monomers were polymerized. Even though the 
applied voltage was removed, the LC molecules were anchored 
with a certain pretilt angle due to the polymerization of the RM 
monomers. Finally, the pretilt angle was achieved along the 
expected azimuthal direction to form no disclination and the 
response time would be reduced dramatically because the 
reorientation time was not required. 

First, we investigated to control the pretilt angle depending 
on a curing voltage of the RM monomers. The alignment layer 
mixed with the RM monomers was coated on top and bottom ITO 

substrates. The top and bottom substrates were rubbed with 
antiparallel direction and then assembled with 3 μm glass spacers. 
The LC, MLC-6610 (Δε = – 3.1, and Δn = 0.0996), is injected to 
the sandwiched cell. With applying the electric field, the sample 
was exposed by UV light for 30 minute to polymerize RM 
monomers in the alignment layer. Fig. 2 shows the pretilt angle of 
samples fabricated in different applying voltage during UV curing 
process. As shown in Fig. 2, the pretilt angle is controlled by the 
curing voltage during UV exposure. Especially, the pretilt angle 
was remarkably reduced near 4 V corresponding to a threshold 
voltage (strictly speaking, slightly above the threshold voltage) 

3. Response characteristics of SC-PVA mode 
The time-resolved textures of the SC-PVA and the 

conventional PVA samples were observed by using a polarized 
microscope and a frame-grabbing system and shown in Fig. 3 in 
the presence of an applied voltage of 5 V. The SC-PVA sample 
was prepared with the RM monomers cured at 4 V through UV 
exposure. As show in Fig. 3(a), the SC-PVA sample shows 
uniform texture without any defects and disclinations even 
transiently switching process. In the case of the SC-PVA sample, 
the LC directors have a pretilt angle with a certain azimuthal 
direction by the polymerized RM monomers. Thus, when the 
electric field is applied, the LC directors are rotated to the 
predetermined azimuthal direction without reorientation process 
producing slow response time. On the contrary, in the 
conventional PVA sample, the defects were observed during the 
switching as shown in Fig. 3(b). Because the falling direction of 
the LC directors is not determined in the centers of the patterned 
electrodes, the LC directors fall in random azimuthal direction 
when the electric field is applied. Therefore, the LC directors are 
reoriented to a certain azimuthal direction and the defects are 
formed during the reorientation of the LC directors. Finally, after a 
certain saturated time, the defects disappear gradually. 

Figure 4 shows the response time as a function of the 
applied voltages for both conventional and proposed SC-PVA 
samples. The rising time of the SC-PVA sample was faster than 
that of the conventional PVA sample in the whole range of the 
applied voltage as shown in Fig. 4(a). On the other hand, the 
falling time was slightly increased [see in Fig. 4(b)] because the 

Figure 3. The time-resolved microscopic textures at 5 V for (a) 
the SC-PVA mode with the RM cured at 4 V and (b) 
the conventional PVA mode without the RM in the 
alignment layer.

Figure 2. The pretilt angle of the mixture of the vertical
alignment materials and the RM monomers as a 
function of the curing voltage. 
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pretilt angle controlled by the polymerized RMs reduces the 
elastic deformation energy corresponding to the resorting force of 
the LC director. However, it should be noted that the total 
response time together with the rising and the falling times was 

dramatically decreased in the SC-PVA sample in the whole grey 
levels. 

4. Conclusion 
We proposed a PC-PVA mode with fast response time using 

UV curable RM monomers which was mixed with vertical 
alignment layer. The SC-PVA sample was fabricated by UV 
exposure under an applied voltage. The RM monomers possessing 
the nematic LC phase were rearranged along the LC directors 
stabilized by the applied voltage and polymerized by UV 
exposure. In this situation, the polymerized RMs produce the 
pretilt angle to a certain azimuthal direction in the absence of the 
applied voltage. The pretilt angle, depending on the applied 
voltage during UV exposure, governs the rotation direction of the 
LC directors under the applied voltage without any reorientation 
process observed in the conventional PVA sample. As a result, the 
response time was improved dramatically without any defects. 
Furthermore, in our proposed method of the mixture of the 
alignment material and the RM, the possibility of an 
aforementioned drawback such as image sticking is slimmer than 
that of the mixture of the LC and the RM although the 
unpolymerized RM monomers are still remained because the RM 
monomers are strongly confined in alignment layer. It is expected 
that the surface controlling method proposed here plays an 
important role in the fast response LCD applications. 
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Figure 4. (a) Rising time and (b) falling time as a function of
the applied voltage for the conventional PVA sample 
and the SC-PVA sample cured at 4 V.  

(a) 

(b) 

668  •  SID 09 DIGEST



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Academy
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BabyKruffy
    /BaskOldFace
    /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
    /Chick
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Croobie
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Fat
    /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
    /Freshbot
    /Frosty
    /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
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Karat
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /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
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /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
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Pristina-Regular
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Square721BT-Roman
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /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
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


