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

cording and diffraction reconstruction; (b) schematic diagram of three-wave interference recording and diffraction reconstruction.


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)

Jeff, i A

sinflyy  sinfg; sinfy, ny

sinfp  sinf;  sinfa  ng (1)
Horpon, AZESITHHR, ng WA EITHR, T2
%fﬁﬁﬁiziﬂﬁiﬁﬁ[ﬁ%, U!'J/f:\ﬁ esl = _9s27 980 =
0, MTEY I LMY 2§ E, =
Ew— - El 5 EPI‘EI%%%%%‘FEEIO - EO 9 kxl ) k:c()a
koo RYGUE 1. 25 CURMPIOCIE 2 76 = 07 ]
giéj\ia kzl ) kZO ) kZQ %%%?& ]-\ %%ﬁ[ﬁ?&%n%
G 2 7E 2 DT R A, B RIRZRIA N
Frowl :Em+ exp (ikmlm—i—ikzlz)—i—Ew exp (ikzor+ik,02)
+E,_ exp (ikgox—+ik.02) = Ey exp (ikyx+ik.2)
+ E0exp(ikz) + Ey exp (—ikyz + ik.2), (2)
,H\EP@{EJ: kx = Tlgko sin 951 = ng2n/)\0 sin 951 y k=
ngko = ng2m/No , k. = ngko cos bs1 = ng2m/Ag cos by, ,
o AT HIESOEIRAE B2 rhf k.
i el¥ + e~ = 2 cos o fh ] AT 15
B = Egexp(ikz) + 2F; exp(ik.z) x cos(kyz). (3)
St AU X FR:

2 . .
I(z,2) =|Fwa| = FEo® + 4E1%cos® (kyx)

+ 4EyE; cos(kyx) x cos(kz — k,z).  (4)

5= PR, ROt 55O

Wb, AH TSGR E AN E 2(a) FTR, TS0

TUT 2B AST, Y0 2 Al 4 7E a2 1 22T 24

XIFRAS, YOG 3 F1 5 78 y-2 I T 2 X Ax

NG, We 2—5 1R RN S 2 Bl f R/ M

— & YSH I A ST AR 2 A

3x3 “HEFESIRTES, ti 2(b) Bk, BE RS %
JCIHIRIE N Eo , Y060 2—5 BIPRIELN By .

(a) (b)

z
I

I3

Reconstructing
beam

Beam3 | Beam4
A=

.......

~7 Diffraction
beam

K2 I T¥otms & 4o () M TOERIEE;
(b) =2 — 4EA7 55 FE 51

Fig. 2. Five-wave interference optical path for the fabrica-
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. 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. 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 3. Comparison between simulation results
and fabricated sample test data.
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Fig. 11. Scanning electron microscope image of fabricated
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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)
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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

* Project supported by the National Natural Science Foundation of China (Grant No. 62475158).
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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 1st-order diffraction
angle is 18.4°, and the beam-splitting energy ratio of each single lst-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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