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Abstract: The polycarbonate (PC)-based optical diffusers for direct-lit LED backlight unit were prepared by using extru-
sion compounding followed by compression molding process. The application of inorganic porous silica particles as a
diffusing agent in addition to conventional poly(methyl methacrylate) (PMMA) beads was attempted, and the optical,
thermal, and mechanical properties of the prepared diffusers were investigated. The morphological observations revealed
that the diffusing agents could be uniformly dispersed in the PC matrix without agglomeration by high shear stress gen-
erated during extrusion process. The incorporation of the porous silica particles mixed with PMMA beads remarkably
enhanced the luminance uniformity with respect to both location and view angle for the diffuser, while minimizing the
reduction in the absolute luminance, as compared with the diffuser containing only PMMA beads. In addition, thermal
and mechanical properties of the diffusers were shown to be improved upon addition of the porous silica particles.
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Table 1. Basic Characteristics of Diffusing Agents

Diffusing agents PMMA bead SiO, particle
Particle size 1 um 0.5-2 um
Shape Sphere Fragmentary
Refractive index 1.43 1.54
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VESA(Video Electronics Standards Association)?] FPDM(flat
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2 A IAN 5d 2M. AR} FAE € ZFHAl(differential
scanning calorimetry, DSC, EXTAR 7000, SEIKO AhHE& ©]
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Tetsldt. o] W 34 27S 4% 10 °C/min, S92
= WHE] 20~250 °Colt}. EhkRe] 71AA BT 84)
2 ¥ E4 7] (dynamic mechanical analyzer, DMA,
$S6100, SEIKO AHE ASTM D4065%] =7 3lo] =431
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LED(Light Emitting Diode)

Figure 1. Schematic diagram of direct-lit LED BLU module with
dimensions of @=38 mm, p=15 mm, lamp diameter=3 mm (d: dis-
tance between diffuser and lamp, p: distance between two lamps).
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th o] W Al FkRS 72 6em, AE 1 cmZ HHS)
o] FHsI e, SAHZ AL 2F < (frequency) 1 Hz, X1
(strain amplitude) 0.1%, o< 3°C/min, =X $] 30~
180 °Co]t}.
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Figure 2. SEM micrographs of cross-sections of PC- based diffus-
ers containing (a) 3 wt% PMMA bead; (b) & (c) 3wt% mixture of
PMMA and SiO, (a & b: x 5000, c: x 20000).
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Figure 3. Angular luminance distributions on the PC-based diffuser:
(a) contrast map; luminance with varying view angle for the diffuser
containing (b) PMMA; (c¢) mixture of PMMA and SiO..

A9, FEEHA PR S8 A87 A M= Bard
uf Qo) B

Figure 4= o] 912 Yo 2 3= 4= ¢ 7
st & Ao velsly] flal, Alaw sk s
o 4 #Ast% BLUE 7dsh= LED 3ds 944 1<
L HASH sed YAE Tk FG3h ARdolT). oef



A7t ggAle] 2t wgrie| o= MiglolE {8 ETiTRRYIO|EA sbae] At 5l dINA1A B & AT 765

LED Lamp

Figure 4. Digital images showing qualitative luminance uniformity
of diffusers containing (a) 1 wt% PMMA bead; (b) 3 wt% PMMA
bead; (¢) & (d) 1 wt% and 3 wt% mixture of PMMA and SiO,,
respectively.
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Figure 5. Luminance uniformity of diffusers containing various dif-
fusing agent contents.
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Figure 6. Haze of diffusers containing various diffusing agent con-
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Figure 7. Light transmittance diffusers containing various diffusing
agent contents.
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Figure 8. DSC thermograms of neat PC resin and compound dffus-
ers with 3 wt% PMMA bead and mixture of PMMA and SiO,.

7x10'

6x10'

5x10'

4x10' <

204 PAMA, with SI0,

3x10"
2x10' §

1x10"

Elastic Modulus(MPa)

TemperatureCi

T T T T T T T M T T T

30 60 90 120 150 180
Temperature(°C)
Figure 9. Storage modulus and tand as a function of temperature for

the neat PC and PC-based diffusers with 3 wt% PMMA bead and
mixture of PMMA and SiO,.

< olHg 43¢ M SleiM=
thaAle] A8-5 Al=st3it.

Figure 8 =4 PCS} 3 wt% S4HAl - EH4itete] DSC
GEA AFE HeRAL gloh & PCst o}=E = 7}
ko] 739 150 °ColX §8 a7t velston, &3 of
/g7t FAE A7 gitate] Ag-olls 152 °CollA
SE9 A7} P o] Naﬂ oAl H7tel fal frejxlol
Tt 7RSS & & ATk ol Hd A4 TEOS
(tetraethlyorthosilicate) X%?—xﬂi—,—lﬂ =4 Whg-FA el o3|
Az ezt thaA EWe] S48k AT-&(Si-OH)71¢t
PCe] 7HEE (-C=0)7|2e] 7t Aol P4 o] PC AatAk
AkEe] -85S A7) wiieel] vt AaEtal AlsE
o gt oA Hrtel o3k Q71AA B4 Y =
= Figure 9] DMA 4 A= gRIg o+ 3l

a2 7] el



Aej7} oAl og

TPolM Ho], £ o}a b AE)T) 3wi% g bkt
o] A% BAEL FEAEIS HolE 140°C °)3ke] &% 9
Aol o oA H| = g Sbre] A7 vdEol| H]s)
°F 6% S 7Fs Ao = YERTh 3 1¥Yl= DMA 24
S 53] 2A4% tand(E"/E’ ratio; E" A ©AE, E" &4 B
AE)=E A UePAT). o3 /4817t 3 wt% St Eakete]
739 tand FAoA = 25Tt Ho 2% WigEo g oF 2°C
A o)Fd Ao yeht, DSC £4 AaolMe gelsls]
o] A7} YA PC ko] fejdolee Aso] 7]
9SS & & AT ol e Fr)AA] 7t o3 44
EAFRIAolex) 2 /A ENEHE BAEE)] e =
= F8 AF & PMMA e g9 g AEAolE
710 Z2] -l gh e B3 o230 ek A Aol M B
A b=

r

PE 39S o83l F IS PC WEY 2 FR3)

| 71 LED 2318 BLU® HA3}-$=4
, A2)7) Al ola Y vj=9) 33}
o] 3 AR g5t glvte] B35 548 A% A3,
22 BAPSAEEI7E thAe] EAS A
Foe] SR ddl v a7 F Alet 2 Sale] #
Shakzte] sl 91x] 2
SRR e, v
of A3 xe] Tae Haske 4 AT Egk &5 of=
d/AE)7E LAl o Gakte] A 77 Ao A &
73 Rk ope} FHel| ASE(Si-OHy 15 2t A2t o
Aok PC FA 28] =8 2484 (compatibility) > 2 {18l WL
EA Aol 2x) 2 7]AIF 24 (storage modulus)©]
HAeS SRl

>
o
—
L2
=2
)
i
Hour
!
et
o
i
N
=
et ).
i,
ofr
o
X

(10036981) A+ AP TH

i
ki
G
ror

1. Z. Sun, J. Chang, N. Zhao, and W. Wang, Optik, 121, 760 (2010).
2. B. Y. Joo and D. H. Shin, Displays, 31, 87 (2010).
3. C. F. Chen, C. C. Wu, and J. H. Wu, Optik, 121, 847 (2010).

Wgrol o= Wzlo|= g SelkuvolEA SR 3 B QoA B P AF

10.
11.
12.
13.
14.
15.

16.
17.

18.
19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

767

. A. Tagaya, S. Ishi, K. Yokoyama, E. Higuchi, and Y. Koike, Jpn.
J. Appl. Phys., 41, 2241 (2002).

. M. Y. Yu, J. H. Park, and J. H. Ko, J. Opt. Soc. Korea, 12, 174
(2008).

. R. Ly, S. Gauza, and S. T. Wu, Mol. Cryst. Lig. Cryst., 488, 246
(2008).

. G Harbers and C. Hoelen, SID Int. Symp. Digest Technol.
Papers, 702 (2001).

. G H. Kim, W. J. Kim, S. M. Kim, and J. G. Son, Displays, 26,
37 (2005).

. G J. Park, T. S. Aum, and J. H. Kwon, J. Korean Phys. Soc., 54,

44 (2009).

C. F. Lin, Y. B. Fang, and P. H. Yang, Optik, 122, 1169 (2011).

H. J. Cornelissen, H. P. M. Huck, D. J. Broer, S. J. Picken, C. W.

M. Batiaansen, E. Erdhuisen, and N. Maaskant, SID Int. Symp.

Digest Technol. Papers, 1178 (2004).

Y. H. Ju, J. H. Park, J. H. Lee, J. Y. Lee, K. B. Nahm, and J. H.

Ko, J. Opt. Soc. Korea, 12, 25 (2008).

C. F. Lin, Y. B. Fang, and P. H. Yang, J. Disp. Technol., 7, 3

(2011).

J. S. Hsu, L. P. Chao, J. L. Jhong, T. F. Chen, and W. C. Tsai, Opt

Laser Eng., 48, 354 (2010).

T. K. Shih, C. F. Chen, J. R. Ho, and F. T. Chuang, Microelectron.

Eng., 83, 2499 (2006).

L. E. Helseth and I. Singstad, Opt. Commun., 193, 81 (2001).

S. J. Liu, Y. C. Huang, S. Y. Yang, and K. H. Hsieh, Opt. Laser

Technol., 42, 794 (2010).

G. H. Kim and J. H. Park, Appl. Phys. A, A 86, 347 (2007).

H. P. Kuo, M. Y. Chuang, and C. C. Lin, Powd. Tech., 192, 116

(2009).

M. F. Chen, C. T. Pan, and Y. M. Hwang, Sensor. Actuat. Phys.,

A, 167, 130 (2011).

T. C. Huang, J. R. Ciou, P. H. Huang, K. H. Hsieh, and S. Y.

Yang, Opt. Express, 16, 440 (2008).

N. Y. Kim, H. J. Kim, D. W. Kim, J. H. Cho, and S. W. Kim, J.

Semiconductor and Display Technology, 11, 21 (2012).

E. E. Gurel, P. M. Peters, and J. Graf, Annual Technical

Conference - ANTEC 2, 11671 (2007).

G H. Kim, Eur. Polym. J., 41, 1729 (2005).

S. W. Kim, Korean J. Chem. Eng., 25, 1195 (2008).

K. M. Shin, H. N. Kim, J. C. Cho, S. J. Moon, J. W. Kim, and

K. D. Suh, Macromol. Res., 20, 385 (2012).

VESA FPDM version 2.0 Standard.

S. W. Kim, Korean J. Chem. Eng., 28, 298 (2011).

B. Finnigan, D. Martin, P. Halley, R. Truss, and K. Campbell,

Polymer, 45, 2249 (2004).

T. W. Cho and S. W. Kim, J. Appl. Polym. Sci., 121, 1622 (2011).

Polymer(Korea), Vol. 36, No. 6, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


