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Abstract: At present, the deflection angle of orthogonal cascaded liquid crystal polarization grating is
considered to be an integral multiple of its angular resolution. Actually , there is deviation between the
actual deflection angle and the design angle of the orthogonal cascade liquid crystal polarization gratings. To
solve this problem, the deflection angle formula of cascaded liquid crystal polarization gratings is derived
according to the angle deflection theory of single—chip liquid crystal polarization gratings firstly, and then
the deflection angle model of two—-dimensional orthogonal cascaded liquid crystal polarization gratings is
derived, the relationship between the deflection range and the angle resolution of two-dimensional
orthogonal cascaded liquid crystal polarization gratings is analyzed, and the actual angle resolution
satisfying a certain angle range, the angle range that satisfying the actual angle interval and the design angle
interval that satisfying the angle range and angle interval at the same time is calculated respectively.
Finally, A software model which measurement accuracy is 0.1° is established use optical design software
and a construction which measurement accuracy is 0.1° are established, they prove that the angular
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deflection model is accurate.

Key words: Diffractive optics; Liquid crystal polarization grating; Orthogonal cascade; Angular range;
Angular resolution
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Fig.1 Molecular structure of LCPG in one cycle
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Fig.2 Diffraction properties of passive LCPG
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Fig.3 Passive LCPG stage with two variable LC half wave —plates and two LCPG
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Table 1 Achievable deflection angle and angular resolution of Cascade LCPG
Control Control Control Control Control )
Number parameters of  parameters of  parameters of  parameters of  parameters of Realizable /\ngulfar
1.25° grating 2.5° grating 5.0° grating 10.0° grating 20.0° grating angle resolution

1 0 0 0 0 0° —

2 1 0 0 0 0 1.25° 1.25°
3 0 1 0 0 0 2.50° 1.25°
4 1 1 0 0 0 3.75° 1.25°
5 0 0 1 0 0 5.00° 1.26°
6 1 0 1 0 0 6.26° 1.26°
7 0 1 1 0 0 7.51° 1.26°
8 1 1 1 0 0 8.78° 1.22°
9 0 0 0 1 0 10° 1.27°
10 1 0 0 1 0 11.27° 1.28°
11 0 1 0 1 0 12.55° 1.28°
12 1 1 0 1 0 13.83° 1.28°
13 0 0 1 1 0 15.12° 1.30°
14 1 0 1 1 0 16.42° 1.31°
15 0 1 1 1 0 17.72° 1.32°
16 1 1 1 1 0 19.04° 0.96°
17 0 0 0 0 1 20° 1.34°
18 1 0 0 0 1 21.34° 1.35°
19 0 1 0 0 1 22.68° 1.36°
20 1 1 0 0 1 24.05° 1.37°
21 0 0 1 0 1 25.42° 1.39°
22 1 0 1 0 1 26.81° 1.41°
23 0 1 1 0 1 28.22° 1.43°
24 1 1 1 0 1 29.64° 1.40°
25 0 0 0 1 1 31.04° 1.47°
26 1 0 0 1 1 32.51° 1.49°
27 0 1 0 1 1 34.01° 1.52°
28 1 1 0 1 1 35.53° 1.54°
29 0 0 1 1 1 37.07° 1.58°
30 1 0 1 1 1 38.66° 1.62°
31 0 1 1 1 1 40.27° 1.66°
32 1 1 1 1 1 41.93° —

g SR 1.25° A4 £f B A BE 5 K T 38750k A B3 i Y L 26 SR D 1.25°.3.75°.8.75° . 18.75° Al
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W HE S J5 0 D e f BE LA P 5. DA BT eh AT LR H T A 7 5 R A ) BB TR AT L 28 (A 20w e A R TR) A
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Fig.4 Achievable beam deflection angle of Quasi—binary and Ternary Cascade LCPG
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Fig.5 Achievable beam deflection angle of Quasi—binary and Ternary Cascade LCPG after correction
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Fig. 6 OC-LCPGs beam deflection angle distribution diagram
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Fig. 7 Composition diagram of software model
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Table 2 Software model parameter
Component Parameter Value
] Wavelength 632.8 nm
Light source
Aperture 0.1 mm
Linear density and direction of grating 1 100 lines/mm@zx
Linear density and direction of grating 2 200 lines/mm@x
Grating Linear density and direction of grating 3 100 lines/mm@y
Linear density and direction of grating 4 400 lines/mm@y
Material BK7
Thickness 0.5mm
Thickness Grating and grating 0.5mm
Grating and image plane 1 000m
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Fig.8 Physical diagram of modulation angle test system
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0.05°, B i b PRk 7 b SR DU <8 LA, 7 2 B 808 AS 2 1E 298 0.057, BT LLEVRS JEE 24
J(0.05°) + (0.05°) + (0.05°)° + (0.05°)° = 0.1° (15)

1105003-8

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



XU, A5 1E S GIPRR A i IR ' A R R Ml e A Y

®3 WX RFHBRIER

Table 3 Composition and parameter of test system

Component Parameter Value

Light source Wavelength 630 nm
138.3 lines/mm@x
138.3 lines/mm@x

275.6 lines/mm@y

Linear density and direction of grating 1
Linear density and direction of grating 2

Linear density and direction of grating 3

Grating ) . o ) .
Linear density and direction of grating 4 275.6 lines/mm@y

Material BK7
Thickness 0.5 mm

Material BK7

Half wave-plate )

Thickness 0.5 mm

Grating and half wave—plate 0 mm
Thickness Grating and grating 0.5 mm

Grating and screen 2 000 mm

S A K s R s R 4. NRPETIL, B LCPG .OC-LCPGs 1y it {8 15 A H 8 55 7 76 22
S, S 04 D e R JEE A ORAE N 0.7°
S50 25 R 5 B EANAE o J7 1] A7 AE AR /N A BE DR 22 , 1% 2 3 [ AT 00 55 T I 8 7 ik iR 2206 . Al A g i i

{E-5 BIEEANLT
x4 ZTHER
Table 4 Experimental result
Ideal angle/(°) Theoretical angle/(°) Average va.lue of Actual angle/(°) Angle error/(°)
measured coordinates/mm
(0,10.0) (0,10.1) (0,356) (0,10.1)
(0,—10.0) (0,—10.1) (0,356) (0,—10.1)
(20.0,0) (20.4,0) (744,0) (20.4,0)
(—20.0,0) (—20.4,0) (—746,0) (—20.5,0) 0.1
(20.0,10.0) (20.7,10.7) (757,381) (20.7,10.7) 0
(20.0,—10.0) (20.7,—10.7) (756,—382) (20.7,—10.8) 0.1
(—20.0,10.0) (—20.7,10.7) (—760,381) (—20.8,10.7) 0.1
(—20.0,10.0) (—20.7,10.7) (—759,—381) (—20.8,10.7) 0.1
3 it
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