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Fig. 1. Holographic grating interference recording and diffraction reconstruction: (a) Schematic diagram of two-wave interference

recording and diffraction reconstruction; (b) schematic diagram of three-wave interference recording and diffraction reconstruction.
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Fig. 2. Five-wave interference optical path for the fabrica-
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tion of two-dimensional grating: (a) Coherent beam config-
uration; (b) generating a two-dimensional diffraction array.
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Table 1. Design specifications of the two-dimensional
grating parameters.
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Fig. 3. Diffraction beam splitting ratio versus the reference/object beam intensity ratio for three-wave interference two-dimensional

grating: (a) 10 pm thickness; (b) 25 pm thickness.
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Fig. 4. Simulation of one-dimensional grating with thickness of 25 pm and beam intensity ratio of 1.0: (a) Grating refractive index

distribution structure diagram; (b) normalized electric field diagram of diffraction reconstruction.

JEXTTAT SRR BN A %, FEAE 20, 7]
DLE B A BRICH; AT 04 sl Bt

P& 1.0, D5 FLESRIA 4(b) RWDGHHE AR
10 pm F 25 pm AR, SEHT IO 2 G .

3.2 FHFETHAMEERSHE

RS L] LA R R L T30 By ik, 8

it — W BRI A ORI —4E H-PDLC
S XF i, ATHR TR E FoR AR %y et A5 A AT
W858 o A W & o, y R0 2 =45 ) B
B3 0%, DR G 75 B2 A S X N 3D B i A AR 7R
x Ay )5 1% & Floquet WM #4544, 4%
RERTIA B S B m ik, 256 T et
P43 53 A 2 AR K A SRR
B 532 nm Y p IRIEE AL, 7E 25 pm SGHE
JEEE AT, A& BT RCR MR OGR L AR

FLARUNE 5 FR.

0.20

—a— (0, —1)%& e (0, D%

018 e (=1, 0)% (1, 0)%

0.16 | » (=1, —1)%& (-1, V%
014l (1, — D)% e (1, )%

0.12
0.10
0.08
0.06
0.04 -
0.02 +

Diffraction light splitting ratio

00 0.3 0j6 0j9 1?2 1:5 1:8 2:1 2:4 2:7 3.0
Reference light/Object light intensity ratio
P 5 T T8 LT AT 40t 5 L BES 8 Ot /1 Dl

LR AR Ak
Fig. 5. Diffraction
reference/object beam intensity ratio for five-wave interfer-

beam  splitting ratio versus the

ence two-dimensional grating.

030408-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

%= Acta Phys. Sin.

Vol. 75, No. 3 (2026) 030408

(a) d
1.57
1.56
1.55
1.54
1.53

y/pm

1.52
1.51
1.50
1.49

0000000000
0000000000
000000000 OHE
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000

10d

20000000000

5d 10d
z/pm

6 et 25 pm, BEOLESR L 1.5 5500 T 4D 1

10d e

(a) JEAWT S5 2341 1815 (b) 417 45 P BUH — Ak i 37

Fig. 6. Simulation of two-dimensional grating with thickness of 25 pm and beam intensity ratio of 1.5: (a) Grating refractive index

distribution diagram; (b) normalized electric field diagram of diffraction reconstruction.
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Fig. 7. Three-wave interference optical path diagram: (a) Sche-

matic design diagram; (b) physical prototype diagram.
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Fig. 8. Experimental results of one-dimensional grating: (a) Sample test data; (b) beam splitting diagram under the condition of

1.0 reference/object beam intensity ratio.
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Table 2.  Comparison between simulation results and fab-

ricated sample test data.

MG (ogﬁ%ﬁ@&) (ogj}fgﬁ@m
0.5:1 42.0/29.0/29.0 44.8/27.7/27.5
1:1 2.8/48.6/48.6 10.7/44.3/45.0
15:1 25.8/37.1/37.1 27.9/36.8/35.3
2:1 29.2/35.4/35.4 32.6/34.7/33.7
2.5:1 21.0/39.5/39.5 25.4/37.2/37.4
3:1 9.8/45.1/45.1 16.1/41.9/42.0
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Fig. 9. Optical path for five-wave interference grating fab-
rication: (a) Overall optical path diagram; (b) schematic
diagram of prism beam splitting in the z-z plane; (c) sche-

matic diagram of prism beam splitting in the y-z plane.
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Fig. 10. Beam splitting diagram of five-wave interference

sample.
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Table 3. Comparison between simulation results and fab-

ricated sample test data.

HIEIE TN 115 LR /%o MR /%
(0, 0) 2.6 10.4
(0, -1)/(0, 1) 13.4/13.4 12.0/12.4
(-1, 0)/(1, 0) 12.0/12.0 11.0/11.1
(-1, -1)/(-1, 1) 11.8/11.8 10.8/11.0
(1,-1)/(1, 1) 11.5/11.5 10.5/10.8
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Fig. 11. Scanning electron microscope image of fabricated

sample.

5 % @

ASCHT H-PDLC YGHHE sUALER R 2 8 21
TWHE, A4 BRI B COMSOL Multi-
physic HFHEXT I (A 42 835 S OB R Hr i
RO BT WS A AHUCEL. 25505 B4
B TR R 25 wm | Bt /PR H
1.0 5, R =B TR 25— A E A
fir, 1 RATE A6 R 44%, BAIE T T i
B 3 F . A — M at , RO & 55
JEW A HE LU TR, AEEMHE RS 25 pm
DL RS20 /0 e eesR ek 1.5 0T, T
il 2 AR S BT R bR B 4 AR . ST
532 nm J BLIE A SR B 3x3 " 4ERESIATT, 19
RS 18.4°, 1IEA2 5 45° )7 A1 A 1 AT
L3R 10%. FEMEA% 50 2x 2 Fir 5 B3 — 2 56
JRIBR, A BT 29K B Aot H s,

S 0k

[1] Wang Y M, Mo S P, Wang H, Qiu L Z, Xu M, Lu H B 2024
Chin. J. Lig. Cryst. Disp. 39 1285 (in Chinese) [EM5¢, 5
M TR, IRIRER, R0, BELLI 2024 W55 SR 39 1285)

[2] Yamaguchi M, Matsukizono H, Okumura Y, Kikuchi H 2024
Molecules 29 4837

3] LiWC,LiuY G, Xuan L 2011 Acta Phys. Sin. 60 046101 (in
Chinese) [Z53CFE, XKW, H il 2011 Y354 60 046101]

[4] Zhang Z W 2025 Ph. D. Dissertation (Beijing: University of
Science and Technology Beijing) (in Chinese) [#4FER 2025 #
TR [EaT: ERTRHER))

[5] Chen H P, NieY J,Li G C, Wei Y H, Hu H, Lu G H, Li S T,
Zhu' Y W 2023 Acta Phys. Sin. 72 177701 (in Chinese) [%
M, Bk s, ZEME, ML, MR, B2, 8%, K
2023 YyH2EdR 72 177701]

[6] Khalid M, Shanks K, Ghosh A, Tahir A, Sundaram S,
Mallick T K 2021 Renewable Energy 164 96

[7] Cheng D W,NiD W, Lii X, Wang Y D, Yang T, Wang Y T

030408-8


https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10. 37188/CJLCD. 2024-0214
https://doi.org/10.3390/molecules29204837
https://doi.org/10.3390/molecules29204837
https://doi.org/10.3390/molecules29204837
https://doi.org/10.3390/molecules29204837
https://doi.org/10.3390/molecules29204837
https://doi.org/10.3390/molecules29204837
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.60.046101
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.7498/aps.72.20230664
https://doi.org/10.1016/j.renene.2020.09.069
https://doi.org/10.1016/j.renene.2020.09.069
https://doi.org/10.1016/j.renene.2020.09.069
https://doi.org/10.1016/j.renene.2020.09.069
https://doi.org/10.1016/j.renene.2020.09.069
https://doi.org/10.1016/j.renene.2020.09.069
https://doi.org/10.1016/j.renene.2020.09.069
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol.

75, No. 3 (2026) 030408

(8]

(9]

[10]

(1]

2024 Acta Opt. Sin. 44 0222001 (in Chinese) [F2E3C, f5#HS,
B, TR, i, TR 2024 Y6244 44 0222001

Ma W Z, FuY W, Han D D, Dong K Y, Zeng J Q, Wang Q,
Lin P, Zhang Y L, Gu Y, Liu Z, Liu X Z, Jiang H L 2025 J.
Light: Sci. Appl. 14 393

Kang S, Zhou B, Xie Y, Wang J, Jia W, Zhou C 2024 Opt.
Ezxpress 32 20589

He W C, Geng M M, Feng Y, Lai M B, Liu Q, Zhang Z R
2023 Opt. Commun. Technol. 47 8 (in Chinese) [fif Ji A", Bkfi
A, LR, UM, XI5, SRR 2023 SLEFER 47 8]

He Y M, Jin X Y, Li Z M, Hu X W, Li M, Zhou G F 2022
Chin. J. Lig. Cryst. Disp. 37 1052 (in chinese) 3 FEME, ¥l
F, B, BN, 22, RIEE 2022 A5 WoR 37 1052
Yin Y F, Liu Z W, Jirigalantu, Yu Z H, Wang W, Li X T,
Bao H, Li W H, Hao Q 2020 Chin. Opt. 13 1224 (in Chinese)
ok, XPRR, & HIE 2P, TR, 3, 20K, 6k, 2%
SO, BRE 2020 HEDE 13 1224]

Huang C Y, Lin S H 2021 Polymers 13 2906

Wu K M, Sun J J, Meng F X, Fan M, Kong X M, Cai M L,
Zhao T Z, Yang C Y, Xin Y B, Xing J, Xing HY, Ye W J

(15]

(16]

(17]

(18]
(19]
(20]

(21]

[22]

030408-9

2022 J. Mol. Liq. 353 118664

Shi J L, Li M, Yan M F, Zhan Q S, Zou Q S , Dai S X,
Zhang P Q) 2025 Opt. Laser Technol. 183 112243

Zhu N, Zheng J H, Shen T, Li K, Liu Y R 2024 Chin. J. Ligq.
Cryst. Disp. 39 752 (in chinese) [T, FRARLL, HifR, 258}, X
R 2024 W5 R 39 752]

Liu Y R 2021 Ph. D. Dissertation (Shanghai: University of
Shanghai for Science and Technology) (in Chinese) [XI] #& i
2021 T2 AHESC (L FIFRELT R2)]

Meng S, Kyu T, Natarajan L V, Tondiglia V P, Sutherland R
L, Bunning T J 2005 Macromolecules 38 4844

Gui K, Zheng J H, Wang K N, Li D P, Zhuang S L 2015 J.
Nanomater. 2015 298913

Shen C, Kyu T 1995 J. Chem. Phys. 102 556

Li S B, Yang M 2011 J. Southwest univ. (Nat. Sci. Ed. ) 33
67 (in Chinese) [ZEAA, B8 2011 PHRE K244 (HARFL#
JiR) 33 67]

LiK, Cai J, Lu SY, Xu H, Hu H F, Zheng J H 2025 Acta
Photonica Sin. 54 0605001 (in Chinese) [22F}, #54E, & B ¥,
VR, TG, SRAKLT 2025 Y6243 54 0605001]


https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.3788/AOS230836
https://doi.org/10.1038/s41377-025-02060-0
https://doi.org/10.1038/s41377-025-02060-0
https://doi.org/10.1038/s41377-025-02060-0
https://doi.org/10.1038/s41377-025-02060-0
https://doi.org/10.1038/s41377-025-02060-0
https://doi.org/10.1038/s41377-025-02060-0
https://doi.org/10.1038/s41377-025-02060-0
https://doi.org/10.1038/s41377-025-02060-0
https://doi.org/10.1364/OE.523341
https://doi.org/10.1364/OE.523341
https://doi.org/10.1364/OE.523341
https://doi.org/10.1364/OE.523341
https://doi.org/10.1364/OE.523341
https://doi.org/10.1364/OE.523341
https://doi.org/10.1364/OE.523341
https://doi.org/10.1364/OE.523341
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10.13921/j.cnki.issn1002-5561.2023.04.002
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10. 37188/CJLCD. 2022-0010
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.37188/CO.2020-0237
https://doi.org/10.3390/polym13172906
https://doi.org/10.3390/polym13172906
https://doi.org/10.3390/polym13172906
https://doi.org/10.3390/polym13172906
https://doi.org/10.3390/polym13172906
https://doi.org/10.3390/polym13172906
https://doi.org/10.3390/polym13172906
https://doi.org/10.1016/j.molliq.2022.118664
https://doi.org/10.1016/j.molliq.2022.118664
https://doi.org/10.1016/j.molliq.2022.118664
https://doi.org/10.1016/j.molliq.2022.118664
https://doi.org/10.1016/j.molliq.2022.118664
https://doi.org/10.1016/j.molliq.2022.118664
https://doi.org/10.1016/j.molliq.2022.118664
https://doi.org/10.1016/j.optlastec.2024.112243
https://doi.org/10.1016/j.optlastec.2024.112243
https://doi.org/10.1016/j.optlastec.2024.112243
https://doi.org/10.1016/j.optlastec.2024.112243
https://doi.org/10.1016/j.optlastec.2024.112243
https://doi.org/10.1016/j.optlastec.2024.112243
https://doi.org/10.1016/j.optlastec.2024.112243
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10. 37188/CJLCD. 2024-0114
https://doi.org/10.1021/ma0480906
https://doi.org/10.1021/ma0480906
https://doi.org/10.1021/ma0480906
https://doi.org/10.1021/ma0480906
https://doi.org/10.1021/ma0480906
https://doi.org/10.1021/ma0480906
https://doi.org/10.1021/ma0480906
https://doi.org/10.1155/2015/298913
https://doi.org/10.1155/2015/298913
https://doi.org/10.1155/2015/298913
https://doi.org/10.1155/2015/298913
https://doi.org/10.1155/2015/298913
https://doi.org/10.1155/2015/298913
https://doi.org/10.1155/2015/298913
https://doi.org/10.1155/2015/298913
https://doi.org/10.1063/1.469435
https://doi.org/10.1063/1.469435
https://doi.org/10.1063/1.469435
https://doi.org/10.1063/1.469435
https://doi.org/10.1063/1.469435
https://doi.org/10.1063/1.469435
https://doi.org/10.1063/1.469435
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.13718/j.cnki.xdzk.2011.09.006
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
https://doi.org/10.3788/gzxb20255406.0605001
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030408

Simulation and preparation of two-dimensional
polymer-dispersed liquid crystal gratings via holographic
multi-beam interference”
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(Shanghai Key Laboratory of Modern Optical System, School of Optical-Electrical and Computer Engineering,
University of Shanghai for Science and Technology, Shanghai 200093, China)

( Received 17 October 2025; revised manuscript received 17 November 2025 )

Abstract

Polymer-dispersed liquid crystal (PDLC) gratings, as an emerging optical material, have significant
advantages such as low fabrication cost, suitability for large-area processing, and rapid electro-optic response.
They show great potential in holographic waveguide displays and optical interconnection systems, where they
are often used as key beam-splitting and coupling components. However, most of current beam-splitting devices
based on PDLC materials are limited to generating 2x2 diffraction arrays, which greatly restricts their ability
to achieve multi-channel and multi-order light field modulation, thereby failing to meet the growing demands
for high-dimensional optical information processing.

To overcome this limitation, this study proposes a fabrication scheme for two-dimensional PDLC gratings
based on holographic multi-beam interference. First, starting from holographic interference theory, we rigorously
derive the light intensity distribution function of the multi-beam interference field. Second, a physical model of
a volume holographic transmission grating with a refractive index distribution matching the interference field
intensity is constructed using the finite element analysis software COMSOL Multiphysics. Utilizing this model,
we simulate and optimize the final diffraction performance by changing key fabrication parameters, such as the
exposure intensity ratio between the reference and object beams and the grating layer thickness.

During the experimental validation phase, we successfully fabricate a one-dimensional PDLC grating by
using a symmetrical three-wave interference exposure method. Under normal incidence with a 532 nm laser, the
fabricated one-dimensional PDLC grating exhibits symmetric diffraction, with both first-order beams showing a
diffraction efficiency exceeding 44%, thereby preliminarily verifying the reliability of the model. On this basis,
we further design an innovative five-wave interference exposure setup. Using a custom-made quadrilateral
pyramid beam splitter, we achieve five-beam interference and successfully prepare a two-dimensional PDLC
grating that meets the design specifications. The test results demonstrate that under normal incidence at
532 nm, this two-dimensional grating produces a 3x3 two-dimensional diffraction array. The Ist-order
diffraction angle is 18.4°, and the beam-splitting energy ratio of each single Ist-order diffracted light exceeds

10%, achieving efficient energy distribution.

Keywords: polymer-dispersed liquid crystal, multi-wave interference, two-dimensional grating, beam splitting

device
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