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Large-aperture laser beam scanning system based on liquid
crystal polarization grating
LIU Yutong', CAO Zongxin', LI Zifan', GONG Junhao', MAO Hongmin', ZHANG Dawei’,
ZHAO Yuanan’, HONG Ruijin’, FAN Lina', CAO Zhaoliang'
(1. Jiangsu Key Laboratory of Micro and Nano Heat Fluid Flow Technology and Energy Application, School of
Physical Science and Technology, Suzhou University of Science and Technology, Suzhou 215009, China;
2. School of Optical-Electronical and Computer Engineering, University of Shanghai for Science and

Technology, Shanghai 200093, China; 3. Laboratory of Thin Film Optics, Shanghai Institute of
Optics and Fine Mechanics, Shanghai 201800, China)

Abstract: The non-mechanical laser beam scanning system has advantages such as small size, light weight,
and easy integration, and has great application prospects in fields such as LIDAR, laser weapons, and laser
communication. Its aperture determines the working distance, scanning accuracy, and target destruction ability
of the equipment. A fully electrically controlled large aperture laser beam scanning system based on a liquid
crystal polarization grating was designed. Based on a liquid crystal polarization grating assosiated with a liquid
crystal spatial light modulator, the large-angle continuous scanning of the beam was achieved. A beam
scanning system and focused on analyzing the control strategy of cascaded liquid crystal polarization grating
groups was designed, providing specific control methods. Finally, a preliminary scanning experiment of the

laser beam was conducted, achieving a deflection of the 70 mm aperture beam at —16.575°~16.575°. The
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research results provide technical support for the non-mechanical scanning control of laser beams, and make

preliminary exploration in the application of large-aperture laser scanning systems.

Key words: laser; liquid crystal polarization grating; non-mechanical scanning; large aperture; cascade control
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Fig. 12 Optical spot images of measuring control voltage of

half-wave plate
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Table 3 Control voltage of liquid crystal half-wave plates

gLl RENV RV
F 4.0 9.2
2 42 9.2
3 43 9.9
74 42 9.0
PR 5 4.1 9.4
6 4.0 9.7
el 4.1 9.1
P8 4.2 9.1

32 AR

PR R A R G AT B, e 2O
e R 13 fros . WKL 13 AT LA i, 635 nm
BWOLR RO E R R WA, BRI RER

6.5 mm YL I, 1O 2 AR B s F A AR O R 43 oK
e S 5 B i S 2R A s TRDOG R i 2%, 8RR
R E & VAl R, BB AT /AL, LR
P AN A2 70 mm, JF RS S O A G
W, W o B9 B o R RO R
i 2 G 0 1 1 B0 0 A7 K ST D 1 R Y B A 82
55, HFAE B e SR A R . g, SR
—16.575°F3 4 ] +16.575°, 4 Jr 1n] Wy A F- i M 22
A7, B 14 5 8 R B IOEBE . WIS
S5 WR, %R G T FE R +16.575°, AT SE I
70 mim 1A% 806 6 TR A 4 i

it s DGR B 6

PRALE

WA IR

13 AR\PEIB RS
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Table 4 Error values at different scanning angles
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Fig. 15 Diagram of relationship between scanning angles

and errors

P25 AT T A FE L5, DASR IR RS 1] 1) —
Btk &R XF 10,4 5% £, ) R e A T
10 YOG o I 7 , 98 I 1H 53 oA 5% #A B 79 RMIS 1A,
PEAT S 7] — B R . A T IHBR G ER B3
I iR 22, BUOCH R R 10 IRIE A, R85
HRAE (3) 20 (4) AT ICBE F0 7 BT, P AR
(5) A IEAT A% A I . SRR 10 R
BRI AT T2, VRN AR R O R e A B K
Pt e T3, K 10 YOG SR B E AT Ab B, A5 201
o S B e B 1 RE R 16 TR o NIE] 16 AT LR

W, BRI 5% A FE BB LAy 10.4°, & 8BTS
F)H RMS 1222 4 0.000 2°, FHXT Tl 4% £f B h) 15 2%
ﬂ‘j 0.2%00, iﬁ%ﬁ'ﬁﬁiﬁ%*ﬁﬁ?&%o

10.6

10.5 |

10.4 +

FAAEEC)
=

0 2 4 6 8 10
it OCE R
B 16 miEERXBSARAEXRE
Fig. 16 Diagram of relationship between deflection times

and scanning angles

4 g

ARSCHE SMIT TR DRSO R A AR HLAR
PRI A Bk, TSmO, ST
G LR SR G A R R R 2 TR
AR AT A /N AR BE RS U, SR FH S A g
PG R AT O TR K A B AN I SRR B AN
S 1) Ff1 DX ) F Y 2 TR0 ' R a4 1 /D 1 RS A
HEAT IS, T SEI A A B Sk . R s, X
T 70 mm FARBOEER R RS, I FIH Zem-
ax G FE WA AT R B AL Ak, MTF #1551 &1 45
REBRRGEW R RITER . B8, X KA R
i 7 W 45 ) 5 1 R AT A0 A, I 4 R O e AR B 1 oy
it 5 v RN RN . e, HESEAE TR IR IR
i A RE A S W B BT o W N E i )
R G AR 4 2 DA B AR % 7 1 9 O &R (R
S8 HH TR P R A R D A G

XK HBRBOCOCHR AT THM L, 8T
635 nm POCHM LI RGBSR T A
Jr AR PR AR, DS SR o, 6RO A
1.08 4, Wi )3 B 18] g 26 ms, AE % 52 B4 % = 5 4
PLRESR o SR, $E5 2 T WA 10 e L AR e gl
TG, AR 1 D R A D R A 2
AR BE L OGEBE R oA, B R IR B R
R A YR I B N B R . B R, U R
G s i 1, S PR T G B TR O IR 6 M R I A
23 [E) 68 1 2% B [E) T AR, JF 547 T 70 mm 148



.« 566 o]

HAsSE 3 Y

JER M LB . SR A5 R Won, B A AT LA
—16.575° 1 £ +16.575°, WIS T R G T
FE bR o I S AT KA R R A A T A I
B LR B L 8 RS R L R MRS e M AR
ARI&H5 -

ARSCHEAT T RO RO RAR LR R
TAE, W45 RN e 2 AR BOR T Ik . ot Al
WO A5 Y R BRI T R S, WA A EBL
O AR AT R R TR RIR IS AT RS %

S Tk
(1] JAzLE WA R AR5 (D], B R
K, 2018.

ZHOU Jianhua. Research on liquid crystal phased array
wave control technology[D]. Chengdu: University of
Electronic Science and Technology of China, 2018.

(2] ®HGE, ALTH7, 0L s, I TS e AR M i e A

BRI HE R L], WOt 5Ot H T2 Pt R, 2019, 56(11):
18-27.
HU Jie, DU Shengping, GUO Hongyang. Research pro-
gress in beam scanning based onliquid crystal optical ph-
ased array[J]. Laser & Optoelectronics Progress, 2019,
56(11): 18-27.

(3] BUBRa, ZRW]. e MR R AR I BE I (1] 0 5
JGELFAIEE, 2018, 55(2): 58-68.

YAN Yuewu, AN Junming. Research progress in optical
phased array technology [J]. Laser & Optoelectronics Pro-
gress, 2018, 55(2): 58-68.

[4] NIKOLOVA L, TODOROV T. Diffraction efficiency and
selectivity of polarization holographic recording[J]. Op-
tical Acta, 1984, 23(31): 579-588.

[5] TODOROV T, TOMOVA N, NIKOLOVA L. High-sens-
itivity material with reversible photo-induced aniso-
tropy[J]. Optics Communications, 1983, 20(47): 123-
126.

[6] EAKIN J N, XIE Y H, PELCOVITS R A, et al. Zero
voltage freedericksz transition-in periodically aligned li-
quid crystals[J]. Applied Physics Letters, 2004, 85(10):
1671-1673.

[7] PROVENZANO C, PAGLUSI P, CIPARONE G. Highly
efficient liquid crystal based diffraction grating induced
by polarization holograms at the aligning surfaces[J]. Ap-
plied Physics Letters, 2006, 89(12): 121105-1-3.

[8] PROVENZANO C, CIPPARRONE G, MAZZULA A.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Photopolarimeter based on two gratings recorded in thin
organic films[J]. Applied Optics, 2006, 45(17): 3929-
3934.

KIM J, OH C, ESCUTI M J, et al. Wide-angle nonmech-
anical beam steering using thin liquid crystal polarization
gratings[J]. SPIE, 2008, 7093: 709302-709312.

KIM J, OH C, SERATI S. Wide-angle, nonmechanical
beam steering with high throughput utilizing polarization
gratings [J]. Applied Optics, 2011, 50(17): 2636-2639.
KIM J, MISKIEWICZ M N, SERATI S, et al. High effi-
ciency quasi-ternary design for nonmechanical beam-
steering utilizing polarization gratings[J]. SPIE, 2010,
7816: 78160G-78111.

SERATI S, ESCUTI M J. Demonstration of large-angle
nonmechanical laser beam steering base on LC polymer
polarization gratings[J]. SPIE, 2011, 8052: 80520T-
80512.

BUCK J, SERATI S, HOSTING L. Polarization gratings
for non-mechanical beam steering applications[J]. SPIE,
2012, 8395: 83950F-83956.

SERATI S, HOY C L, HOSTING L, et al. Large-aperture,
wide-angle non-mechanical beam steering using polariza-
tion gratings[J]. Optical Engineering, 2016, 56(3):
031211.

STOCKLEY J E, KLUTTZ K. Non-mechanical beam
control for entry, descent and landing laser radar (confer-
ence presentation) [J]. SPIE, 2017, 1019: 10190F-10195.
WANG C, WANG Q, MU Q, et al. High-precision beam
array scanning system based on liquid crystal optical
phased array and its zero-order leakage elimination[J].
Optics Communications, 2022, 506(15): 127610.

Kt iz, RN, 55 BAOCHRAEEEAR (T]. v
Jt, 2010, 37(2): 325-334.

ZHANG Jian, FANG Yun, WU Liying, et al. Liquid crys-
tal beam deflection technology[J]. China Journal of
Laser, 2010, 37(2): 325-334.

IR, A, Dhlal . U HORBT TRk R ]
Je5 ot TR, 2013, 50(8): 223-229.

SHI Yubin, SI Lei, MA Yanxing. New progress in beam
scanning technology[J]. Laser & Optoelectronics Pro-
gress, 2013, 50(8): 223-229.

AR — AT 1 38 TR I AR VR R AR DA 25 1 1 e Dl o
B 7 107966885A [P, 2018-04-27.

XU Lin. Exposure device and method capable of manu-

facturing large-aperture liquid crystal polarization grating


https://doi.org/10.1063/1.1789578
https://doi.org/10.1063/1.2355456
https://doi.org/10.1063/1.2355456
https://doi.org/10.1364/AO.45.003929
https://doi.org/10.1364/AO.50.002636
https://doi.org/10.1117/1.OE.56.3.031211
https://doi.org/10.3788/CJL20103702.0325
https://doi.org/10.3788/CJL20103702.0325
https://doi.org/10.3788/CJL20103702.0325
https://doi.org/10.3788/CJL20103702.0325

NG 2024, 45(3)

XS, &5 F T I ROEA K 0RO ORA R 5

567

[20]

[21]

[22]

[23]

[24]

device: 107966885A[P]. 2018-04-27.

GUO Q, XU L, SUN J T, et al. Fast switching beam steer-
ing based on ferro electric liquid crystal phase shutter and
polarisation grating[J]. Liquid Crystals, 2019, 46(9):
1383-1388.

AR, R IR IO e B G R AT FE (D).
Jemt: shERRE B CE (h EREEB KB GEAE E LK
SYIBBTTERT), 2019.

LI Songzhen. Design of liquid crystal polarization grating
and study of its beam deflection characteristics[D].
Beijing: University of Chinese Academy of Scien-
ces(Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences), 2019.

ARG, i A R D R CHE BT 5E (D). JEst: i
BlEBe s Oh ERABE KEG R BRSBTS
Jit), 2020.

ZHAO Zhiwei. Study on liquid crystal polarization grat-
ing with large deflection angle[D]. Beijing: University of
Chinese Academy of Sciences(Changchun Institute of
Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences), 2020.

TANG D L, SHAO Z L, XIE X, et al. Flat multifunction-
al liquid crystal elements through multi-dimensional info-
rmation multiplexing[J]. Opto-Electron Advances, 2023,
6(4):39-47.

EIRAR, BRJT. — Fh U &2 A W
CN110646992A[P]. 2020-01-03.

WANG Qidong, CHEN Wan. A dual period composite li-
quid crystal polarization grating: CN110646992A[P].

i I Sk -

[25]

[26]

[27]

[28]

2020-01-03.

T, SR, AR, 45, BT AR R A AR R 1 T
s G SR B I 45 R RS (). LG, 2017, 38(4):
581-586.

DU Shengping, HUANG Yongmei, FU Chengyu, et al.
Research on liquid crystal beam deflection wave control
method based on phased array radar model[J]. Journal of
Applied Optics, 2017, 38(4): 581-586.

B, TRIE, ZEHE, 5. JE T2 DGR R & IOk A
JEHTHOARBETE [T]. N, 2020, 41(4): 816-821.
ZHENG Xinbo, ZHANG Xuan, LUAN Lin, et al. Re-
search on large angle beam scanning technology based on
spatial light modulators[J]. Journal of Applied Optics,
2020,41(4): 816-821.

WHR, B2L, Wk, & WA BRI E AN AH IR H
AR M K AR TEB 5T (7], W5 7, 2008(2): 157-
162.

CAO Zhaoliang, MU Quanquan, HU Lifa, et al. Nonlin-
ear phase modulation of liquid crystal wavefront correct-
or and closed loop correction[J]. Chinese Journal of Li-
quid Crystals and Displays, 2008(2): 157-162.

PR, a2, BLAE, 45 TR GE AR IR A
9K Bl WL B B D). WA S R, 2022, 37(12): 1572-
1579.

CEHN Meirui, DU Ying, MAO Hongmin, et al. Design of
low-cost drive circuit for passive liquid crystal optical
device[J]. Chinese Journal of Liquid Crystals and Dis-
plays, 2022, 37(12): 1572-1579.


https://doi.org/10.1080/02678292.2019.1573327
https://doi.org/10.5768/JAO202041.0409803
https://doi.org/10.5768/JAO202041.0409803
https://doi.org/10.3969/j.issn.1007-2780.2008.02.007
https://doi.org/10.3969/j.issn.1007-2780.2008.02.007
https://doi.org/10.3969/j.issn.1007-2780.2008.02.007
https://doi.org/10.3969/j.issn.1007-2780.2008.02.007
https://doi.org/10.37188/CJLCD.2022-0266
https://doi.org/10.37188/CJLCD.2022-0266
https://doi.org/10.37188/CJLCD.2022-0266
https://doi.org/10.37188/CJLCD.2022-0266

	引言
	1 液晶偏振光栅工作原理
	2 光束扫描系统设计
	2.1 系统总体设计
	2.2 系统光路优化设计
	2.3 控制系统设计

	3 大口径光束扫描实验
	3.1 液晶半波片相位调制特性
	3.2 光束偏转实验

	4 结论
	参考文献

