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Since reflective liquid crystal displays (RLCD) have several advantages such as low power
consumption and high visibility, they are widely used for displays of portable information
terminals. An auxiliary illumination system is necessary when an RLCD is used in a dark
environment. Front-light illumination devices with many small reflection prisms on the front
surface have been proposed. However, these devices require a protection panel avoiding the front
surface of the device being touched, which make the illumination system relatively thick. We have
developed a thin illumination device for front-light systems employing gratings. We have calcu-
lated the optimum grating structure with suitable scattering profile and low noise over a wide
wavelength range. We have fabricated a thin light guide device with gratings for a front-light
system and characterized its performances.
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Fig.1 Schematics of a front-light system with (a) a
grating and (b) prisms.
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Fig. 2 The grating equation in (a) a transmission grating
and (b) a reflection grating.
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Fig.3 Diffraction efficiency #» vs. the ratio of grating
period to wavelength. 2/A=1, n=15, n’'=1, §=50". (a) p
polarization and (b) s polarization (ref: reflection, trn:
transmission, diff: diffraction).
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Fig. 4 Configuration of a grating.
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Fig.5 Diffraction efficiency vs. inclined angle a of the
grating facets. A/1=0.7, i/ A=1, n=15, n'=1, #=50".

Thb, EHRFOLBECLS 77y VR EIRET S
(13) kAT 2 L, K (15) 215 5.

a=CTE LT (g -y i & ISEHED % TE)
(14)
sin @ cos(a—6,) =— A (15)
2 2'%2'/1
FIRRIC — 1 RREEHECDWTHEZ B &,
1/EH : n,sin 6’ —n, sin 6,=0 (16)
2EH : n,sin 6,* —n, sin 6,= A a7)

A
Lz, XABFTONS,

a= 0, 4262 )

(6. % Y Hhp SIFEHE D 2 1E)
(18)

sin a cos(a+ 6.*) :ﬁj (19)

2 2
P /% (20)

n 2% (20) &L, m=1.5, ms=1, A/1=0.7, 6,=50" D
rx, R (1D~ 2HOT a 2518 2 &, EaR[ET
Jewwt U Cix 115.8°, RETEHGICH L TiE38.5 & &
5.

Kz, b o HEHOETERMCMZ, BTRES /A=



-
-~ -

g 05 o
S 01— reflection diffraction
0.05 [ transmission diffraction
0r
:L 0=50°
-0.05 * !
0.8 0.9 1 1.1 1.2

wavelength |1

Fig. 6 Offence against the Bragg condition vs. normalized
wavelength ratio.
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Fig. 7 Diffraction efficiency vs. normalized wavelength.
(a) Transmissive diffraction and (b) reflective diffraction.
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Table1 Specification of the designed gratings.

1st medium index 2nd medium index A (nm) h/A a (°) 6 (C)
Boundary-relief grating 1.5 356 0.5 136 65
Surface-relief grating 1.5 400 1 117 50
0.12 Table 2 Specification of the fabricated gratings.
e Ist medium  2nd medium
Profile A (nm) a () index index
0.09 Slant 356 nm 44 1.56 1.33
F Unslant 350 nm 0 1.56 1.33
S
z 0.06
surface-relief grating
0.03 Laser
boundary-relief grating A=266nm
0 L 1 L L L I 1 I 1 1
450 500 550 600 650

wavelength (nm)

Fig. 10 The »/# vs. wavelength about the designed gratings.
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Fig. 11 Experiments. (a) Fabrication setup, (b) cross-
sectional view of the grating and (c) measurement setup.
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Fig.12 Experimental results. (a) Transmissive diffraction efficiency 7 vs. incident angle 6
about slant grating, (b) #z vs @ about perpendicular grating, (c) reflective # to transmissive
diffraction efficiency # ratio vs. 8 about slant grating and (d) /7 vs. § about perpendicular

grating.
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Fig. 13 The illumination by front-lights (a) with the grating and (b) without the grating.
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