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Optimal Design of Electric Field Driven Liquid Crystal Fresnel Lens
Using Taguchi’'s Method
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Abstract: A rigorous electro-optical simulation and ray tracing for an electric field driven liquid crystal
Fresnel lens was proposed to obtain design parameters of the electrode pattern of the Fresnel lens. The
optimal design was carried out using Taguchi's experimental method for 17.1"(368%229.5 mm) wide LCD
panels with 9 views. For the calculation of the distribution of liquid crystal molecules and the optical
transmission of the panel, finite difference method and extended Jones matrix method were used to deal
effectively with highly nonlinear and complicated motional equations of the liquid crystal molecules and to
obtain the oblique transmission characteristics of the LCD panel. As simulation results, the optimal
lengths of the 3 electrodes of the Fresnel lens are 4.0 pum, 30 wm and 83 wm, respectively, and the
locations of the second and third electrodes are 32.9-33.0 pwm and 45.9-46.0 pm, respectively. The
optimal applied voltage of the 3 electrodes are found to be 575 V, 7.80 V and 11.9 V, respectively.
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Table 1. Specifications of the LCD panel and design
parameters of the ELC lens.

Parameters Values

Panel Size 17.1(368x229.5) mm’
Resolution WUXGA(1,920%1,200)
Pixel Structure RGB stripe

Number of view 9

Optimum Viewing Distance 80 cm

Focal Length 1.57 mm

Eye Distance 65 mm

Pixel Pitch 63.9 /m

Lens Pitch 287 m

Maxmum Incident Angle 15°

63.9x 1061
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Fig. 1. The focal length and the distance between the
panel and the lens.
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Fig. 2. Design of lens pitch of fresnel lens.
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Fig. 3. Electrode structure and liquid crystal distribution

of ELC lens.

oF

)

ﬂw_wo

il

o]-& gt [7].

tel otefel HErdl E]MM

|

KN
=

p—

= e
54

CR (cross—talk ratio)<

(4)

tS(} tp()j' |:A$j'
Loelpe Ap

s e ety

)|

exp(—i

0

0

s ot,, t,, =t

exp(—ik,.d)

~

|

tos t(%s
toptep

H

AP

tS(} = t()S

AS
o uf,

3)

of Aqast A%

tet [6].

o
o

A

2 A



A7 AAAN BT =5A A25H A3E pp. 218-223, 20129 39: B 5 221

Table 3. Applied voltages and LC parameters.

Parameters Values
Voltage(1st Electrode) 575 v
Voltage(2nd Electrode) 78 v
Voltage(3rd Electrode) 11.95 v
Cell gap 18.7 ym
Pretilt angle 2°

Kii 6.4 pN
K22 3 pN
K33 10 pN
An at 550 nm 0.1918
Ae 13

= %%E]Ea'% 94‘3]3}”:], tsa tva_

k,,— 2%716(9)(10037 1(0)
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k,,— Tnodcos ) (6)
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Table 4. Conditions of the experiments and measurement
data.

Conditions
No. CR SNR
A B C D E F G H
1 o o0 o0 o0 0 o0 0 o0 1072 0.601
2 o o 1 1 1 1 1 1 1137 1.113
3 o o 2 2 2 2 2 2 1201 1.590
4 o 1 0 O 1 1 0 2 125 1.176
5 o 1 1 1 2 2 1 0 103 0.276
6 o 1 2 2 0 0 1 1 1120 0.983
7 o 2 0 0 0 2 2 2 1136 1.104
8 o 2 1 1 1 0 0 0 1075 0.631
9 o 2 2 2 2 1 1 1 113 1.073
10 10 o0 2 2 1 2 0 1143 1.163
11 10 1 0 0 2 0 1 1223 1.746
12 10 2 1 1 0 2 2 104 0.454
13 11 o0 1 2 0 0 1 1191 1.521
14 11 1 2 0 1 1 2 1122 0.999
15 11 2 0 1 2 0 0 0991 0.078
16 1 2 0 2 1 2 1 1 1087 0.722
17 1 2 1 0 2 0 1 2 1092 0.761
18 1 2 2 1 0 1 2 0 1106 0.873

Table 5. Conditions of the experiments and measurement
data.

Conditions
No. CR SNR
A B C D E F G H

1 o 0 0 O 0 0 0 0 585 15.336
2 0o 0 1 1 1 1 1 1 6.656 16.464
3 o o 2 2 2 2 2 2 7606 17.623
4 o 1 0 o 1 1 0 2 6350 16.055
5 o 1 1 1 2 2 1 0 6668 16.480
6 o 1 2 2 0 0 1 1 7242 17.197
7 o 2 0 0 0 2 2 2 6.09% 15.700
8 o 2 1 1 1 0 0 0 6537 16.308
9 o 2 2 2 2 1 1 1 7346 17.321
10 1 0 0 2 2 1 2 0 739 17.382
11 1 0 1 0 0 2 0 1 60M4 15.669
12 1 0 2 1 1 0 2 2 68% 16.772
13 1 1 0 1 2 0 0 1 68% 16.771
14 1 1 1 2 0 1 1 2 7191 17.136
15 11 2 0 1 2 0 0 6034 15.641
16 1 2 0 2 1 2 1 1 173% 17.367
17 1 2 1 0 2 0 1 2 6134 15.754
18 1 2 2 1 0 1 2 0 6515 16.279
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Table 6. Conditions of the ELC fresnel lens.

Conditions Values

Ist Electrode Voltage 575V

2nd Electrode Voltage 7.80 V

3th Electrode Voltage 1195 v

Ist Electrode Length 4.0 pm

2nd Electrode Length 30 pm

3th Electrode Length 82 um

2nd Electrode Position 32.6-32.7 um
3th Electrode Position 45.9-46.0 um

Table 7. Optimum values of the design parameters.

A B C D E F G H

Optimum
575 78 119 4 30 82 326 46
Values

Table 8. Cross—talk ratio and SN ratios for the optimal
design.

Conventional Method Novel Method

CR SNR CR SNR
1.0118% 0.1015 dB 5.5772% 14.9283 dB
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Fig. 4. Intensity of each view at optimized distance for

(a) ideal lens, (b) ELC lens using conventional method
and (c) novel method.
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