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Design and Fabrication of a Multifunctional
Light-Guide Plate for LCDs
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IT-Related Chemicals Research Laboratory
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Kiyoharu NAKATSUKA

We developed a two-step design method of diffraction optical elements. In this method diffraction angle
and polarization splitting property are adjusted separately by different manners. We also proposed a multi-
functional light-guide plate for LCDs that combines the functions of light-guide plate, prism sheet, diffusion
sheet, and polarization splitting film. The multifunctional light-guide plate was designed by this two-step
design method and was fabricated. The properties of fabricated multifunctional light-guide plate substantially

met the design targets.

gooo

gooobooobooobooobooooobooo
obOoboooooooOoobOOobobOOooOooDOon
obOoboooooooOoobOOobobOOooOooDOon
obOoboooooooOooobOOobobOoOooOooDOon
coooboooooboocobOOoOoocobOoooonDn
ooooooooooooooooboobo1b0z200000
cbOoocOooooooOooobOoobOOooOooDOon
obOoboOoooooooobOOobobOOooOooDOon
obOoboOoooooooobOOobobOOooOooDOon
cbOoocooooooooboOobooOo OobOoon
obOO0” OoooooooobOOoboboOooOooDbOon
ObP00000000000000

HEN

gobooobooooooooooobooooooon
oooooboooOooooobooooOoOooooDoon
obOoboOoooooooobOobobOOooOooDOon

goooooooooooooo

34

0000000000000 0000o0oOooon
0000000000000 0000o0oOooon
oooo
ooooooo
1000000000000CCFLOO00O0DOOn
O0OLEDOO0OODOO0ODO0O0ODO0DOODODOOO
ooooo
20000000000000000000000O0
oooooo
300000000000000000000000
00o0000oo0o0oOooooo
4000000000000000p000sO0000
00000000000oo00oooooooon
0oooO0o0oooooooo
oooo
00000000000 0000ooooooon
00000000000000000000o0onoon
0000000000000 000000o0o?200
00000000000000000000003%490
0000000000000 00000o0O0oon
0000000000000 00000o0O0oon
0000000000000 0000o0ooooon

oooo 2009-1



00D0000000000000000 wire grid®0
do0ooooooboobooboooboobooooa
goooooooooboooooooboooooon
000000000000 000000 wire gridO
Jo0oDoD0oO0do0OwiredOODOOOODOOOO
009%000000000000000000000
gddddoooooooooooo
holographic0 OO D0 O O0O0DOO0DOOOOOO
doooooooobooooobooboboonboo
000000000000 0holographicO O OO O
doooooooobooooobooboboonboo
0 O computer generated hologram, CGHO O OO OO
0000000000000 O0hologramOd OO OO
gododdooobobooooooooobooooo
dooooooobooooobooboboooo
00000000000000?P000000000
goooooooboooooboooboobooooo
000000000 holographyDd DO OO0 OO0 80
do0odooobooboooobooboobooooo
000000000000 O009000000000
J000d0oD0DU00ooooooDoOooCGHOOO
gooooobouoooobooboooboooboo
gooooobouoooobooboooboooboo
gooooobouoooobooboooboooboo
000000O00ooooooowooooooo
OJO0CGHOUOOOOOODUOODOOOoDooooo
jdoo30odopooooooooooooooa
gooooooooooobooboooboooo
0000000000000000000"1900
gooooooooooobooboooboooo
J000000000000d00 holographicO O O
speckle noise I 0 0000 Onoise0 0000000
00000000000 holographyD0 DO 000D
OOOhologramO 0000000 O0OOOOOOOO
goooooooooooboooooboooo
goooooooo

ogooooooo

noise ] 000 00O0OODOOOO O hologram [
gooooooooooobooooobooooo
gooooooooooobooooobooooo
goboodooooooboboboobooooooooon
J00000d0d0oDooOoOoooooOoOognit4s
Jddddddooooopoooo40900000
JdoooodooDox 2000000000000
Jood0oo00bDdoOooooDOooooods 230
(090-440/20 00000000000 DODOOOODO
goooooooooooboooooobooooao
goodooooooboboboobooooooooon

oooo 2009-1

oooooooooooooo

coooooooobOoobooOooboOoobobOoon
cobOoooocobOoOoooboOoooboOooboOoon
coooooooobOOooboooOooboOoobooon
cooooooo* Oboobooooor oooboo
0ooooooobo

ood
oboooooooooooooobooboboooo
cboooooooooOoooboooOooboOoobooon
O00000O0O0OCCFLOLEDODOOODOOOO
cboooooooooOoooboooOooboOoobooon
cboooooooooOoooboooOooboOoobooon
cboooooooooOoooboooOooboOoobooon
O000oooooo0oooooooo0O0oocCCFLO
LEDOOOO0OOO0O0O0Ooooooocoooooood
oooooocobOoOoooboooobooooon
cboooooooobOooboooOoobooobooon
cboooooooobOooboooOoobooobooon
coOooooooooboooboooooboOoobooon
O0O0s/p0000000000sO00p0O0O0O0O
coooOoooooooboooooon
100000000-200200
200000001900
gnoooov7ood
ooooooooooooovoooooooo
ooooono

200000000000
ooOooloobooDooooboz2ccO0O0bCOoOoO

gooboboooobobbboooobbbboo

gobooboooboo

01oo0o0oooon

00O000e:00006«00000000DO0ODO
0000000000000 O0000000oOon
0000000000000 O0000000oOon
0000000000000 O0000000oOon
O0mO00#»000000AND0000000O0O00OA
00000000e8:0000640000000 grat-
ing equationd 0 0 0 0O V0

A= mAL (Eq. 1)
72 - Sin@ 4— n1 - sinb ;
goo
sind 4= m -\ +/N\ - n1-sinB ; (Eq. 2)
N - n2

UobbmwmOOOO0O0oooOOoO0OO0oooboooOog
O000000m=000000Eq.20 SnellD 00O

35



oooooooooooooo

doodooooobooboooooooooooooo
0000000000000 D0Eq. 20000 1.00
ddddeqil0d000d0000OO0O0OOUOUOUOOOO
0doooooaOdOOOO0ODODODOOOAODODOOO
ogoooooooooooooooooboooooo
doooboobooooooobooboobooooao
000000 zero order gratingld 0 O O O wire grid
ddddddooooooooooooooooon
goooooobobboooooobobobooooo
doodooooboooooooooooooooo
doooooooooooobooboobooooo
ogoooooooooooooooooboooooon
00 00grating equationd 00000000000
doooooooooooobooboobooooo
doooooooooooobooboobooooo
doooooooooooobooboobooooo
doooooooooooobooooobooooo
doooooooooooobooooobooooo
ddoodobooooo-=20020000000000
gdooooAOO0OOooooono

020000000000
goobooooobooboobooboooooo
doodooooooooboobooboobooooo
J000O00boooooo0oOMaxwellDOOODOOO
00000O0DO000O0o0o0o0o0o0ooodgnoMied
gododooooooooooooooooooon
goodooooooooooooooooooon
goodooooooooooooooooooon
0 O O RCWAO Rigorous Coupled Wave Analysis[!?
goodoooooodouobouoooouooooo
goodooooooooooooooooooon
00000000 000000000o0o0o0o00b20
gooooooooooooooooooooon
0000000000000 00paralleld 0pO00
0O O O perpendicular0 O O O senkrechtd O sO 0O O
gooooooooooooooooooooon
gooooooooooooooooooooon
jdo3doooodoooooooooooooa
Op0sO000000D0DOO0O00O0ODODOOOO0OO3
0000000000 conical diffractiond 00 190
goooobooboooooposooobooooa
0200000000000000
goodooooooodoodooobooooooa
oAO0000ooooouobouoooouoobooo
gooooooouobouoouobouooooooon

3000
O0O00LEDOO0OOCOOODODOOOODOOO

36

Angular displacement [deg.] 0o

Lower Side /7> \ Upper Side

Relative radiant intensity [%]

PEEE  The angular distribution of the LED used
for the developed Multi Functional Light
Guide Plate.
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A\ /4 wave plate

OR46.4

In46.4

mirror

N
.

BEEEN  Incident angle and diffraction angle

Subscripts are incident or diffraction angles, respectively. T and R indicate transmitted and reflected waves,

respectively. 1, 0, -2 depict diffraction orders.

1N The diffraction angles diffracted by the multifunctional light guide plate

0 i [deg] 0 4 [deg]
1T or -17 2T 1R OR -1R -2R
46.4 none none 15.8 none none 46.4 -10.8 none
89.0 none none -7.4 none none 89.0 5.1 -55.4
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Eeue + E‘flT (Eq 3)

Ee-= ES_1R+Ei1T+E£1R+Eg1T
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LI P s/p ratio and maximum light extraction ef-
ficiency of gratings having several refrac-

tive indices
s/p ratio Light extraction efficiency
n=1.50 n=1.75 n=2.05
>3 0.18 0.51 0.54
>7 0.09 0.28 0.37
>11 - 0.17 0.31
>15 - - 0.30
>19 - - 0.24
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LS5 Fabrication error and grating characteris-
tics

PSR Ee
width [y m] +0.015
- 20.4 ~ 22.6 0.048 ~ 0.192
height [u m] +0.010
over etching [u m] 0.07 13.9 ~22.6 0.087 ~ 0.192
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LI Effect of trapezium deformation of grating
by fabrication errors

Top [um] PSR Ee Top
0.065 22.56 0.112 g
0.060 22.51 0.105 2
0.055 22.17 0.095 Z
0.050 21.87 0.087 —_0.0651m
00O
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BEEM SEM image of the fabricated Multifunc-
tional Light Guide Plate

110155 Measured size of fabricated grating

size [y m] error [u m]
period [u m] 0.420 +0.000
width [u m] 0.065 ~ 0.069 +0.004
height [u m] 0.065 +0.000
over etching [u m] 0.013 +0.013
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s-polarization p-polarization

BEEEEN Polarization splitting characteristics and
luminance uniformity of the fabricated
Multifunctional Light Guide Plate
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BGEEM  Angular distribution of exit light from the
fabricated Multifunctional Light Guide
Plate
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