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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

S i B A 1 A 5 R
n(z) = [Sin(x/A),cos(I/A),O] (1)

o, AR B 5 T AL o= re /A TR o il 2 TR I AR AR

LCPG A% F3) LCPG 5443 LCPG P, H i H AR i i 2 9 3 LCPG, #3h LCPG 417 3 e 1 4n 141
2HR AR 98 LCPG JR e fE i EEAE AR+ 1905 — 198, 25 A S 2 47 [ 4 6 s, 5ok
5 B BEAE AR LG, R A R BRGSO AR A TR P — 1 Y A S R R AR G s
FAROGE AR 1905 — 1R 5. @ik 29k 8l LCPG B A W] I 21 30 % 4 A5 il 41k O 72 e
A E RS AT B SO R AE £ 1 R A (£ 0°) B mEE o anlEl 3 FTaR R R AH R 5 8 LCPG 5
F TR A AR — N LCPG 27, Al SE 3 0°, — 207+ 20° = A 1 BE 1w %

B LCPG (%% £ B 56 M R, 306 208 Ye s 5 A B 5 e i B 2 R e R VR

A
$in (0on) = % — sin(0,) (2)

1105003-2



KU, A5 IE S GIPRR At s IR ' A R E Al A 2

m=+1

. :
>99%

C

m=+1
(Experimental)

(a) Left-handed circularly

(Experimental)

(Experimental)

(¢) Linear or unpolarized lights

M2 #3 LCPG #9474 45
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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 Angulfir
1.25° grating 2.5° grating 5.0° grating 10.0° grating 20.0° grating angle resolution

1 0 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° —

S5 B 1.25°0 # B R) B 5 OR T 38,757 Y S B A i 0 FL L 28 (=R 1.25°.3.75°.8.75° (18,757l
38.75°M LCPG gk, — AR 1.25°.3.75°  11.25°F1 33.75°1) LCPG Z Ik , SR FH 3 1 Fh 9 1k 7 =X nl 52 30 1)
i e 61 B 5 T B G 15 4

ME AT LUE Y, 28 AR 0 = E T 000078 A B 18.75°~20.0°,16.25°~ 17 . 5°FF T 8 K i 22 , I 22 fi
B R B RN T R SR DR A2 0 R 1Y Ty v R A A P o R v AN He B A B U HE I A S B R e A R HE )Y L
HHES J5 0 i e AR (B 0 TS0 DAL R RT DL AR O 58 0 18] IR T I, 28 T 0E S e AR B TR B N
1.22°~1.66°, ={H=4 0.76°~1.69°,

1105003-5



T oF

45

= Quasi-binary angle
35 + * Quasi-binary resolution
- Ternary angle

W [ = Ternary resolution ,-‘:‘.'n

2 257 s?

1] a&

g - o sd

—_ oed

g 15}

Q 2 9

< .
5 A
_-:‘...-.‘...ﬁﬁ.A‘.....'.‘..Q.ﬁ‘.ﬂ A

_5 I 1 1 1 I 1

0 10 20 30

Control number

M4 % XM= EXAHRLCPG N Kl 4% A £
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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Tab.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@x
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

2.2 OC-LCPGs % fa Eik
X OC-LCPGs SE W) % /1 BE AT 17 0k , D03k 5 e an 1] 8, 1 2 0 7 AR T o 2 0 v i i 30 1)
e AT EL PR R T RN R ST OGAERE B 2 000 mm BE % T B0 g B KOG EE TR0 AR BR S (L, m)
PR A AT a0 (14) 35 .
0= arctan(l)

2000mm
(14)

¢ A o 000mm

B8 AR AR R G

Fig.8 Physical diagram of modulation angle test system

R a8 e 30 3z v G EE 0 AR BRI SRS BE 2958 2 mm, XN AR I R R 2
0.05%; #8124 JEE 28 5 a] B X6 56 BE A8 A 52 00 29 28 5 mim, X5F 7 YGBE H0 7 B R 22 249 2 oy, R A JEE ) A R
297 0.05° T 5 F 4R B B A 2 T TUT 0 6k O BE PO A7 B R 25 290 2 mm, W AR I R ORG FE 29
0.057, K HIa b 3 3oF i v SR I 0 48 LA, 77 A 1 B3O8 AN Wt 2 M 29 8 0.05°, BT LLEORS BE 24

J(0.059)7 + (0.05°)° + (0.05%)° + (0.05°)° =0.1° (15)
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Table 3 Composition and parameter of test system

Component Parameter Value
Wavelength 630 nm
138.3 lines/mm@x
138.3 lines/mm@x

275.6 lines/mm@y

Light source

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 N A PG M BES (AN R 4. R ATIL B R LCPG .OC-LCPGs ) B S {8 5 B A AH B S5 A7 75 22
S S R e R B R AE R 0.7°,

S G 25 B 5 B (AN TE & O I A7 FE A /I AR R I 22, 158 2 31 1L G AL S 1 0 o D R I DR 25 (E . R IA Sk
1B 5 HOSAEAHAT

x4 IHWHER

Table 4 Experimental result

Average value of

Ideal angle/(°) Theoretical angle/(°) . 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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S5 3 B 1T OC-LCPGs 1 B i % 0 Fl 5 £ B2 TB) B 2 18] 19 56 & L, 7 : OC-LCPGs 2 24> 52 LCPG IE A
Gk, e KA M (63.93°,63.93°) , Fe K A BE 8] B ol (6.01°,6.01°) 535 58 £ 8] B 76 (2.0°,2.0°) A, ] S0 A
FI AL R (£39.60°, £39.60°) 5 [m] i il 72 £ 2 fi % 115 el ( £240.00°, 4-40.00°) , e K A ) B /N T 55 5 (2.0°,
2.0°) B, B it B 7 2255 T 1.22°, e il i A R v RS AT TR, R SE R AT T I, AR ORS B
70.001°, M2 22 Goks B 0.1°, Fpk 5k R e ¥k B T A i M
S % 3k
[1] MORITSUGU S, THANH N , KOHEI N, et al. Polarized beam steering using multiply—cascaded rotating polarization

gratings[ J]. Applied Optics, 2021,60(7) : 2062-2068.

[2] MORITSUGU S, KOYA Y, RYUSEI M, et al. High-efficiency aerial display using a liquid crystal polarization grating, a
retroreflector array, and a right-angle prism[J]. Applied Optics, 2020, 59(14):4228-4233.
[3] HOY C, STOCKLEY J, SHANE J, et al. Non-mechanical beam steering with polarization gratings: a review [J].

Crystals, 2021, 11:361.

[4] KIM J, OH C, JESCUTI M, et al. Wide-angle, non-mechanical beam steering using thin liquid crystal polarization

1105003-9



[6]

[7]

(8]
(9]

gratings[ C ]. SPIE, 2008.

KIM J, MATTHEW N, STEVE S, et al. Demonstration of large—angle non—mechanical laser beam steering based on L.C
polymer polarization gratings[ C]. SPIE, 2011.

KIM J, MATTHEW N, SSTEVE, et al. High efficiency quasi—ternary design for non-mechanical beam—steering utilizing
polarization gratings[ C ]. SPIE, 2010.

ZHAO Xiangjie. Oblique incidence effect on steering efficiency of liquid crystal polarization gratings used for optical phased
array beam steering amplification[ J]. Optical Review, 2016, 23(5): 1-10.

XIS . 3T A OGS 17 45 F1 LCPG 9 OGP 77 ik [ D 1. i - g FRHE R, 2020.

ARG AR . TG M. bt HUBCl ) hieat, 2013,

[10] LI Songzhen. Design of liquid crystal polarization grating and study of its beam deflection characteristics[D]. Changchun:

Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, 2019.
ZERNIR .V D AR A 8 B 3T B O R S (D ] K A« BB 2 B A O A B PR S g B SR T, 2019

[11] WANG Lina, LI Mingqiu, WANG Chunyang, et al. Diffraction characteristics analysis of cascaded liquid crystal

polarization grating[ J]. Laser &. Optoelectronics Progress, 2020, 57(3):030501.
R, AU, EAR LA G R RO R AT S AR AT [T ] O 5ot A Bk L 2020, 57(3), 030501,

[12] ZHAO Zhiwei. Study on liquid crystal polarization grating with large deflection angle [D]. Changchun: Changchun

Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, 2020.

KA AT M e 1A T IR B AT SE D 1A < i R REE e K AR Dl 2 4 B HLBR 5 ) BT 58 BT, 2020.

[13] YU Fengjun. The characteristic analysis of the diffraction pattern of two—dimensional grating[J]. College Physics, 2016,

35(8):32-35.
TR UM AT 5 B R R e [T ] R 3, 2016, 35(8):32-35.

Foundation item: National Natural Science Foundation of China (No. 61805028) , The 13th Five Year Plan of Science and Technology
Research Project of Jilin Provincial Department of Education (No. JJKH20190566KJ) , State Key Laboratory of Applied Optics (No.
SKLAO2021001A08), Young Fund Project of Changchun University of Technology(No.XQNJJ-2018-20)

1105003-10



	1.1　单片LCPG角度偏转原理
	1.2　一维级联LCPG光束调制角度计算
	1.3　OC-LCPGs偏转角度计算方法
	1.4　OC-LCPGs偏转角间隔分析
	2.1　OC-LCPGs偏转角度模拟
	2.2　OC-LCPGs偏转角度测试

