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Abstract 

We propose twisted nematic (TN) mode liquid crystal device 
with high contrast ratio (CR) using a new microlens array 
(MLA) configuration composed of switching unit, focusing unit, 
and circular black matrix layer (BML). Consequently, CR of TN 
mode is improved dramatically. 
 

1. Introduction 
Several types of LCDs have been proposed under each 

individual merit [1-4]. Twisted nematic mode has been used 
widely in portable personal digital assistants and notebook 
computers because of its advantages, such as relatively high 
transmittance, low electric power consumption and simple 
fabrication process. Recently, TN mode also has extended 
drastically viewing angle which has been regarded as a weak 
point of it due to development of discotic film used as an optical 
compensation layer. However, It also has a limitation still for 
TV application demanding high contrast ratio (CR) due to light 
leakage in the dark state.  

 

In this paper, we proposed an approach to improve 
dramatically CR of TN mode using MLA system for TV 
application. Liquid crystal lenses (LCL) have been proposed for 
electrically tunable focal intensity such as Fresnel type [5] a 
gradient refractive index (GRIN) type [6] and Polarization 
control type [7]. Fresnel type has been proposed to eliminate the 
polarization dependence due to the orthogonal alignment of the 
LC molecules in neighboring zones. But it requires an extremely 
elaborate alignment and photolithographic technique and a 
multi-rubbing process for practical applications. GRIN type 
requires also a high driving voltage and a complex fabrication. 
Lens property of the polarization control type is excellent, 
however, it can be disturb application of the optical devices due 
to the dependence of the polarization. Up to now, applications of 
such LC lenses have been defined almost in optical devices such 
as beam-steering, and optical interconnects. In our previous 
work, we proposed a dynamic MLA using the combination of 
lens with the liquid crystalline polymer (LCP) and LC layer [8-
9]. Such dynamic lens structure has stable and enhanced 
dynamic focusing characteristics. In this work, we adopt that 
system as an optical component to improve performance of 
LCDs.  

 

Figure  1.  Schematic diagrams of the device configuration. 
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2. Cell structure and Operation 
Principle 

Figure 1 shows schematic diagram of the proposed optical 
configuration. Basic focusing mechanism is due to the refractive 
index difference between LCP and UV curable polymer. TN 
mode is able to control an incident light polarization. In the off 
state, the polarization of incident light becomes perpendicular to 
the alignment of the LCP layer by wave-guide effect in twisted 
LC cell. Then the refractive index of LCP is (no=1.525), which 
is the smaller than the refractive index of UV curable polymer 
(np= 1.56). So incident light diverges in the lens boundaries and 
the device exhibits bright state since the polarization of the light 
which passed through the LC layer is parallel to the optic axis of 
the analyzer. On the other hand, in field-on state, the incident 
light is focused because the effective refractive index of LCP is 
ne(=1.68), which is larger than the refractive index of UV 
curable polymer. The focused light is first blocked by the BML, 
which is located to the focal point. Lights leaked in BML are 
blocked once more by the output polarizer. In this configuration, 
maximum transmittance at the bright state could be decreased 
slightly due to BML as compared to a general TN mode. 
However we can obtain dramatically advanced contrast ratio 
because of the improved dark state induced from double light-
blocking structure of BML and polarizer. 

 

         (a)                      (b) 
Figure 3. Microscopic texture of fabricated switching 
unit.  
 
 

3. Experiments 
MLA is composed of two crossed polarizer, TNLC-switching 

unit, focusing unit including LCP with large optical anisotropy, 
and circular type BML blocking light in the dark state. 

In the TNLC-switching unit, we spin-coated the UV curable 
polymer (NOA60, Norland Ltd.) on indium-tin-oxide (ITO) 
glass. The UV curable polymer was irradiated by the collimated 
UV light under the patterned photo mask in first step, and 
without photo mask in second step to complete curing process. 
In the first step, the monomers of the UV curable polymer are 
diffused from low UV intensity region (blocked by photo-mask) 
to the high intensity region (unblocked by photo-mask) to 
preserve their balance of the concentration due to the presence 
of photo-mask. Consequently, MLA of surface relief structure 
was made clearly. The diameter and depth of the microlens are 
200 μm and 7 μm, respectively. We used the commercial 
polyimide alignment material, RN1199 (Nissan Chemical Ind., 
Japan) as a layer to align LCP. The polyimide film was rubbed 
to obtain the correct alignment of the LCP film. And then we 
coated the RMS03-001(LCP) on the polyimide layer and for 
polymerization of RMS03-001 was irradiated by UV light 
(365nm) under a nitrogen atmosphere [10-11]. The LCP 
alignment state is shown by Figure 3.  

In the switching unit, we used also RN 1199 as homogeneous 
LC alignment layer. Top substrate was rubbed to mutually 
orthogonal direction to lead to TN structure. The thickness of 
the LC layer was 4.5μm and LC material used TL213 (Merck) 
of a positive dielectric anisotropy (Δε = 5.7). 

BML was fabricated by lift-off technique which is simple and 
easy method for patterning films. In first, we spin-coated the 
positive photo-resist that was irradiated by the collimated UV 
light under the patterned photo-mask. The irradiated part of UV 
light was removed by the developer. A 5000Å thick layer of 

Figure  2. Black matrix fabricated by lift off method 

Figure  4. The intensity profile with several applied 
voltages  
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aluminum (Al) was deposited on the residual photo-resist by the 
evaporator. Finally, the residual photo-resist was removed by 
acetone and only Al pattern remains on the substrate.  

The diameter and pitch of circular black matrix are 50 μm and 
200 μm, respectively. Figure 2 shows the resultant black matrix 
pattern produced clearly by lift off technique on the substrate.  

4. Results and Discussion 
Under no-field, the polarization of incident light is 

perpendicular to the alignment of the LCP layer by polarization 
rotation of 90o and then, diverges. From the result of intensity 
profile, the defocusing characteristic was assured. The more the 
voltage is gradually increased, the more polarization of incident 
light becomes parallel to the LCP alignment. The effective 
refractive index of LCP distributes from no to ne. Therefore, we 
assure that the focal intensity gradually increases with increasing 
applied voltage. The focal length of MLA is 5.2 mm. 

Figure 4 shows the intensity profile variations as changing 
applied voltage. As the applied voltage increases from 0 to 10V, 
the shape of intensity profile becomes sharp and Gaussian 
distribution. 

The contrast ratio was measured using a He-Ne laser (632.8 
nm). In TN cell with the BM, the maximum transmittance 
slightly decreased due to BM. However, the minimum 
transmittance decreased more greatly by double blocking of BM 
and polarizer. In the event, we confirmed dramatically increased 
CR. The CR of the TN LC cell with the BM is about two times 
higher than the TN LC cell.  

5. Conclusion 
In this paper, a new approach of high contrast TN LCD was 

proposed and demonstrated. The proposed TN cell is 
characterized by microlens array and BM. We confirmed 
advanced contrast ratio of the proposed TN cell from the 
experiment result. 

6. Acknowledgements 
This research was supported by a grant(F0004120-2008-31) 

from Information Display R&D Center, one of the 21st Century 
Frontier R&D Program funded by the Ministry of Knowledge 
Economy of Korean government.  

 
 
 
 
 
 

7. References 
[1] H. L. Ong “Optical properties of general twisted nematic 

liquid-crystal display” Appl. Phys. Lett., Vol. 51, pp. 1398-
1400, (1987). 

[2] M. Oh-e, and K. Kondo “Electro-optical characteristics and 
switching behavior of the in-plane switching mode” Appl. 
Phys. Lett., Vol. 67, pp. 3895-3897 (1995). 

[3] Q. Hong, T. X. Wu, X. Zhu, R. Lu, and S. –T. Wu 
"Extraordinarily high-contrast and wide-view liquid-crystal 
display” Appl. Phys. Lett., Vol. 86, pp. 121107 (2005). 

[4] S. Oka, M. Kimura, and T. Akahane “ Electro-optical 
characteristics and switching behavior of a twisted nematic 
liquid crystal device based upon in-plane switching” Appl. 
Phys. Lett., Vol. 80, pp. 1847-1849 (2002). 

[5] D. -W. Kim, C. –J. Yu, H. –R. Kim, S.-J. Kim, and S. –D. 
Lee “Polarization-insensitive liquid crystal Fresnel lens of 
dynamic focusing in an orthogonal binary configuration”, 
Appl. Phys. Lett., Vol. 88, pp. 203505, (2006). 

[6] M. Ye, Y. Yokoyama, and S. Sato “Liquid crystal lens 
prepared utilizing patterned molecular orientations on cell 
walls” Appl. Phys. Lett., Vol. 89, pp. 141112 (2006). 

[7] Y. Choi, H. –R. Kim, K. –H. Lee, Y. –M. Lee, and J. –H. 
Kim “A liquid crystalline polymer microlens array with 
tunable focal intensity by the polarization control of a 
liquid crystal layer” Appl. Phys. Lett., Vol. 91, pp. 221113, 
(2007) 

[8] Y. Choi, K. –h. Lee, H. –R. Kim and J. –H Kim “Dynamic 
Focuing Microlens Array using a Liquid Crystalline 
Polymer and a Liquid Crystal” Proc. of SPIE, Vol. 6352, 
pp. 63521H, (2006). 

[9] J. –H. Kim and S. Kumar “Fabrication of Electrically 
controllable Microlens Array Using Liquid Crystals” J. 
Lightwave Technology Vol. 23, pp. 628-632, (2005). 

[10] G. Zhao and P. Mouroulis, “Diffusion model of hologram 
formation in dry photopolymer materials”, J. Mod. Opt. 
Vol. 41, pp.1929-1939, (1994). 

[11]  J. T. Sheridan and J. R. Lawrence “Nonlocal-response 
diffusion model of holographic recording in photopolymer” 
J. Opt. Am. Vol. 17, pp.1108-1114, (2000) 

SID 09 DIGEST  •  1573



<<
  /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


