Strength Measurements of
Thin AMLCD Panels

CORNING

Issued: March 2021
Supercedes: May 2010

Jamie T. Westbrook, John F. Bayne, Tim A. Roe, Jum S. Kim,
Po-Hua Su*, Toshihiko Ono**, and Suresh T. Gulati***
Corning Incorporated, Corning, NY, USA

*Corning Display Technologies, Taiwan, Taichung, Taiwan
R.O.C.

**Corning Technology Center, Kakegawa, Shizuoka, Japan
**% Research Fellow and Consultant

Abstract

The biaxial strength using ring-on-ring (ROR) test and uniaxial
strength using 4-point bend test (4PB) were measured for 13.3”
panels with substrate thicknesses ranging from 0.25 mm to 0.5 mm.
The effect of thinning process was quantified by these data along
with identifying break sources using fractography. Strain gages were
used to convert failure load to strength.

1. Objective and Background

Current trends in manufacturing AMLCD panels call for using thin
substrates to minimize their weight. Such thinning may be
accomplished either chemically or mechanically. The key objective of
this paper is to characterize such panels with respect to their
mechanical durability as follows:

i)  measure surface strength using ROR test,

i) measure edge strength using 4PB test,

iii) carry out break source analysis, and

iv) decipher bending vs. membrane stresses using strain
gages.

2. Results
a) Ring on Ring Test

The popularity of this test, on samples which experience small
deflections, stems from the facts that:

i) it stresses the panel surface in two directions
simultaneously thereby sensitizing all flaws regardless
of their orientation,

ii) it applies uniform biaxial stress in the region enclosed
by the load ring,

iii) it minimizes failure initiation from the edges.

The panels measured 19 cm wide and 29.5 cm long. The TFT and

CF thicknesses ranged from 0.25 mm/0.25 mm to 0.5 mm/0.5
mm. In view of low thicknesses and to minimize center
deflection, we used 50.8 mm diameter load ring and 88.9 mm support
ring with an overhang ranging from 30 mm to 100 mm. This choice of
rings minimized buckling and eliminated failure initiation from the
edges.
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However, the high strength of relatively flaw-free surfaces
resulted in large center deflection and introduced membrane
esses in both radial and circumferential direction, notably in the
region between load and support rings, thereby necessitating the use
of strain gages on both the tension side (surface 4) and compression
side (surface 1) as shown in Figure 1. Denoting the strains on these
surfaces by €1 and €4, the biaxial stresses on these surfaces are given
by:

2” Load Ring 3.5 “ Support Ring

Surface 1 Surface 4

Figure 1. Strain gage locations for ROR test.

oq = [E/(1-v)] &g (1) and
Os4 = [E/(l-\/)] €54 2

where E and v denote Young’s modulus and Poisson’s ratio of
panel glass with values of 68.9 GPa and 0.23 respectively.
However, the above stresses include both bending and membrane
components, o, and Gy, given by

Os1 = Om - Op 3)

Os4 = Oy + Op (4)
from which we obtain

Cp = 0.5 (604 - Gc]) (5)
6,=0.5 (Go4 + Oo1) (6)

The stresses given by eqns. 1 and 2 are those at the surface of
strain gages. Since the latter have a finite thickness t, which
can not be neglected relative to panel thickness t, the true stress
at the surfaces of glass panels are given by:

601 = [E/(1-v)] {0.51/ (0.5T +17)} €s (7)
Gos = [E/(1-v)] {0.5T / (0.5t + 1)} 601 (B)

Figure 2 shows a plot of flexural/bending, membrane, and total
stress inside the load ring on tensile surface 4 as function of
failure load for 0.25 mm/0.25 mm panel. The stress based on
linear theory [1] is also shown for comparison purposes. It is
clear that:

i) linear theory overestimates the failure stress by orders
of magnitude and hence is not applicable for thin panels,

i) membrane stress is nearly as large as total stress
implying that flexural/bending stress within the load
ring region is negligible, and

iii) total stress inside the load ring is not the highest stress
in the panel.
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Figure 2. Flexural/bending, membrane, and total stress vs.
applied load in ROR test: Comparison with linear theory.

The highest stress in thin panels occurs at much higher loads and
just underneath the load ring as shown in Figure 3 for 0.5 mm/0.5
mm panel. Again, the stress at center of this panel is negligible
compared to that underneath the load ring where flexural/bending
stress has its maximum value. In short, stresses in thin panels are
dominated by the membrane component both inside the load
ring and between the load/support rings with high flexural/
bending stresses occurring under the load ring. Both the failure
pattern and fracture origin for this panel are shown in Figure
4. The mist hackle on either side of fracture origin (wedge
shape) shown in Figure 5 is indicative of panel bending over
the load ring. The median ROR strength, based on measured
values of mirror radii, is summarized in Table 1. The data in
Table 1 show that, within the large scatter of strength values
(low Weibull slope), polishing does not affect surface strength.
Secondly, majority of the failures occur on surface 4 due to
scratches, deep checks, fused glass, chatter checks and other
types of contact damage.
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Figure 3. Strain gage based stresses vs. applied load in ROR
test.
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Figure 4. Failure pattern and fracture origin for 0.5 mm/0.5
mm panel.
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Figure 5. Failure pattern indicating panel bending over load
ring.

Table 1. Summary of Median ROR Strength of Thin Panels

Median .
Thickness N Surface RoR \Zfébill Failure
(mm) Finish Strength (ml; Surface
(MPa)
0.25/0.25 | 5 | polished 208 3.0 1,3,4
not
0.25/025 | 5 polished 132 6.4 4
0.3/0.3 6 | polished 208 1.9 3,4
not
0.3/0.3 6 polished 178 33 4
not
0.5/0.5 5 polished 193 2.5 4
b) 4-Point Bend Test

The 4-point bend test is a uniaxial test that stresses both the
surface and edges of the panel. The failures, generally speaking,
occur at the edges due to more severe flaws introduced during
scoring and finishing, than those on thinned surfaces. It is
therefore a good test for quantifying the strength of edges. Of
course, fractography plays an important role in confirming the
location of fracture origins and their analysis. Keeping in mind the
size of thinned panels, we chose to use a support span of 254 mm
and load span of 127 mm with short side of the panel as width of
4-point bend specimen. A schematic of this test is shown in Figure
6.

P/2

P/2
4-point bend stress
P vt 4

S=(3*P*a)/(b*?) ’
A
P2

Where S = stress, P = load
I |

t = thickness, b = width, d = diameter
Figure 6. Schematic of four point bend test.

a=(L)/2

The failure stress oupp is calculated from load P, specimen
dimensions and moment arm a using eqn. 9 [2]:

opp=3Pa/(bth) 9)

where b and t denote width and thickness of panel respectively.
We assumed panel thickness to be the sum of TFT and CF panels
which would yield conservative strength values since both TFT
and CF are not bonded rigidly. The moment arm a was 63.5 mm
and panel width was 190 mm. The strength values for panels with
different thicknesses are plotted in Figure 7 and ranged from 55
MPa to 78 MPa, lower value representing the edge strength of 0.5
mm/0.5 mm panel with no special edge finish.
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Figure 7. Four point bend strength data vs. panel thickness.

The failure origins were located on surface 4 (TFT side) and
immediately below the loading bars. The typical fracture origins,
shown in Figure 8, occur on the corner of the edges and are
generally associated with the chamfering process.
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Figure 8. Schematic of failure origins in 4-point bend test
during large deflection.

The mirror radius R,,, measured from these origins, was used to
estimate failure stress using the well known equation [3]

Oupg = A/ Rmo'5 (10)

in which A is the mirror constant for glass with a value of 65 MPa
mm®?. Figure 9 shows a Weibull plot of edge strength of panels,
based on mirror radius, with different thicknesses. The mean
strength of 0.25 mm/0.25 mm panel edge was 101 MPa, that of
0.3 mm/0.3 mm panel edge was 131 MPa and that of 0.5 mm/0.5
mm panel edge was 78 MPa. These values reflect the finish and
quality of edges of these panels. Flaw types ranged from chips to
scratches to contact damage. Failure stress based on eqn. 9 ranged
from 44 MPa for 0.5 mm/0.5 mm panel to 113 MPa for 0.3
mm/0.3 mm panel and was lower than that given by mirror radius
indicating that the effective thickness of panel is less than the sum
of CF and TFT thicknesses. It is worth noting that the two lowest
strength failures originated at surface flaws (not edge) indicating
that surface damage also influences 4-point bend strength.
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Figure 9. Weibull plot of edge strength of panels of different
thicknesses based on mirror radius.

It is conjectured that location of failure origins immediately below
the loading bar is indicative of high local stress as the panel bends
around the loading bar.
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3. Impact

The acid thinning process removes handling damage on surfaces 1
and 4 and can improve strength. It is critical to either protect them,
or handle them, carefully immediately following the acid
thinning process through and including the polarizer film
application process to retain this newly acquired strength. This
study indicates that panel strength, including that of its edges,
can be measured using different tests. In view of large
deformation during bending of thin panels, it is imperative to
either use strain gages or resort to nonlinear theory for
converting failure load to panel strength. This study also
points out the importance of fractology for identifying and
characterizing fracture origins. Such a study helps understand
damage sources and modify post processing to minimize
the deleterious effect of contact damage.

Surface strength of thinned panels can be as high as 200 MPa
compared with 100 MPa for their edges. Hence, further
improvement in edge quality and strength is possible by paying
close attention to the scoring and finishing process [4].

The authors would like to acknowledge Corning Display
Technology for sponsoring this work as well as Stephen H. Carley
and Glenn V. Morgan for their testing expertise.

4, References

[1] DIN 52292; "Determinations of Bending Strength Using
Concentric Ring Test and Plate-shaped Specimens with
Large Test Surfaces," 1984.

[2]  Ritter, J. E., et al., “Appraisal of Biaxial Strength Testing,”
J. Noncryst. Solids; Vol. 38 & 39; 1980.

[3] Gulati, S. T., et al., “Measurement of Biaxial Strength of
New and Used Windshields,” SAE Paper # 2000-01-2721;
2000.

[4] ASTM Standard C-158-02, ASTM International; West
Conshohocken, PA.

[5] Gulati, S. T., et al., “Mirror Constant for AMLCD Glass,”
The American Ceramic Society Bulletin; May, 2004.

[6] Gulati, S. T, et al., ” Mechanical Attributes of Jade™
Glass for Advanced Displays”, IDWO08.

© 2017 Corning Incorporated



	Four Point Bending of AMLCD Panel_March 2021_Review
	Panel Stress State Determines Light Leakage in Curved LCD_Review.pdf
	Four Point Bending of AMLCD Panel - Westbrook SID 2012.pdf

	Strength Measurements of Thin AMLCD Panels - Westbrook SID 2010.pdf


<<
  /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 1.4
  /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:2003
  ]
  /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




