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Fig. 1. (a) Schematic diagram of the interference between two orthogonally circularly polarized plane waves; (b) schematic diagram

of the interference between an orthogonally circularly polarized cylindrical wave and a plane wave; (c) periodic distribution of polar-

ization states in LCPG; (d) periodic distribution of polarization states in PVLS.
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K2 IEs R IR 4 B B
Fig. 2. Schematic diagrams of orthogonal circularly polariz-
ation holography.
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Fig. 3. Schematic diagram of the polarization sensitivity
and diffraction characteristics of the reflective PVLS grat-
ing (with a right-handed chiral agent): D Right-handed cir-
cularly polarized light incident on sample surface 1; @ Left-
handed circularly polarized light incident; @& Right-handed

circularly polarized light incident on sample surface 2.
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Fig. 4. (a) In-coupling grating diffraction; (b) out-coupling grating diffraction.
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Fig. 5. Schematic diagram of the internal structure of CLC.
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Table 1. Main materials and ratios of the PVLS
liquid crystal layer.

5CB R5011
25 EAN N 97.79% 2.21%
S 97.37% 2.63%
ST 96.94% 3.06%
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Fig. 6. Schematic diagram of the liquid crystal cell.
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Fig. 7. Schematic illustration of the experimental setup for fabricating PVLS grating.
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Fig. 8. (a) Fabricated reflective PVLS (anti-green light);

(c) schematic diagram of incident and diffracted light; (d) graph of the relationship between the one-dimensional direction z and

i (o) ASHEERTAHDERIRE; (d) —4ET7 1) 1

(b) schematic diagram of diffraction for the reflective PVLS grating;

grating period A .

& 9

532 nm A7 5 B i Skt A PVLS St R 218
Fig. 9. Schematic diagram of right-handed circularly polarized 532 nm light obliquely incident on a PVLS grating.
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Fig. 10. (a), (b) Fabricated PVLS gratings for anti-red and anti-blue light; (c) graph of the relationship between the one-dimension-

al direction z and RGB diffraction angle 6 as a function; (d) graph of the relationship between RGB diffraction angle 6 and grating

period A as a function.

114 RGB 433l A 4 2 6 E A 3137.7 nm(z =
—0.28 ¢m), 2631.76 nm(z =0 cm), 2277.62 nm(z =
0.27 cm) v & _EAF, = AR A9 G0 LU ]
FIRTEHFRE (0 = 11.66° ) P47 HI T

BT R, s LA EOE PVLS St
O (A =2649.1 nm ) AL PR AORTES A BE 11.59° K

* 2 RHLDE (632 nm) PVLS W45
Table 2.  Measurement results of PVLS for anti-red
light (632 nm) reflectance.
x/cm JeHE# /nm g/ ()
0.9 1739.4 21.31
0.5 2044.7 18
0 2655.9 13.77
-0.5 3567.5 10.2
-0.9 5304.5 6.84
* 3 UG (457 nm) PVLS M4
Table 3. Measurement results of PVLS for blue
light (457 nm) reflectance.
z/cm SEE I /am Tt/ (°)
0.9 1723.5 15.38
0.5 2081.9 12.68
0 2651.1 9.93
-0.5 3684.5 7.13
-0.9 5395.9 4.86

ZZhRUE, WKIEE 8(c) FrznJti%, 43I 632 nm,
457 nm F O BB R A 1y B 4 =0 PVILS, JF:
DU ATT S0 A7 B 11.59°40 45 A XTI g S .
STHGAE R, FE 1721.2—5346.5 nm (KGR
AALTE BN, 24 RGB = o re et JE 1 43 51 ok
3147 nm (z = -0.28 cm), 2649.1 nm (z = 0 cm),
2275.6 nm (z = 0.27 cm) 2 '& A, B A5 A9 AT
SR BE ¥ 11.59°; H 32 BRAT S #A B2 5 B A7 S
AR R 22 E10.5°LA N . R L, 38 SRS A O 4
RGB =00 IRGSTEA [F] JEH A 6HE |, T LS8
=AUk B 08 6 DUAH [R] A A S AR RS SEAT 5, G
11 Fs.

K11 R R A S e
Fig. 11. Theoretical diagram of a single-layer color wave-
guide.
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(a) Sample 1

C DRCP

QWP I

POL

Sample 2

1.2 cm

0.7 cm

K12 (a) SR EE; (b), (c) 532 nm B ELAR 0.7 cm 1) 532 nm A7 B Y6 HR 5 = PVLS A9 3#%m Z K
Fig. 12. (a) Schematic diagram of the optical path; (b), (c) schematic diagram of the propagation of 532 nm laser and 532 nm right-

handed circularly polarized light with a diameter of 0.7 cm incident on PVLS.

3.3 PVLS tite0iKk SN AR R4

T FHEASER I T B i) 4 RS 554, LA
WA L FEAL S BB . DGR K] 12(a) B,
SEgRRH] 532 nm HOGEHOGHRAE RO, St gt
L A A8 e dmdiot, S 8 at a4 2 — i i
il R A7 e B AR O, M ELA ST n = 1.57
A BT, A& BRI E 0 = 42.44° ISR
X, PVLS St (Sample 1), Yool & AERTHE, If
TR T WAL 1 MATHDCRAZ /% 2= 55— i PVLS
(Sample 2) I}, FRUE AN, T EE T SF
T 7 Tl AL th 2.

R T WG 5 PVLS 76— 4 5 m) L)t
WY WU, LR AE R 12(a) B el i L mt I
PR EAAY KE 0.7 em. SLEGLEREH, 6K
2t Sample 1 fi7 4 & Sample 2 B}, Sample 2 [l
R HEREAE K7 0] BB RSHY B2 1.2 em, E
W17 PVLS JGHRE % A R0 7 — 4k 7 10 b X GHE
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4 %

AWFFEIRIIE 7R T — bR T E 10 B AR
T B TR 2 A R 1 S S RN PVILS Dl
W BLIEIE S T T ORI I A 9 PVLS Sl
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1955 S50 il 25 ARAS B8 ' R B A iR 25 HE 8%
DL, BE T S804 B B E#f M. il & 19 PVLS Ot
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T [, PR AR AR i 2SR AT DU 3 Fir /5 1) PVLS
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FIFINAS A A BT 11.59°, SEBRATE ff B 5 3
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Abstract

Photo-oriented liquid crystal technology utilizes polarized light illumination to achieve the directional
alignment of liquid crystal molecules. This technology can be developed into polarization volume gratings
(PVGs), which possess polarization and volume holographic selectivity characteristics, and also have a broad
application prospect as an optical coupling element in optical waveguides and for pupil expansion output. This
paper reports on the fabrication of a liquid crystal polarization volume holographic cylindrical lens (PVLS) with
a beam diameter of 2 cm by using photo-oriented technology combined with a polarization off-axis holographic
optical path. During the experiment, the exposure angle can be controlled to achieve the desired grating period
variation range, enabling the diffraction angles of red, green, and blue light incident on different grating periods
to be the same. The experimental results show that within the grating period variation range from 1721.2 to
5346.5 nm, when the red, the green, and the blue light are incident on grating with periods of 3147 nm,
2649.1 nm, and 2275.6 nm respectively, the measured diffraction angles are all 11.59°, with an error between the
actual and theoretical diffraction angles within +0.5°; under 532-nm right-handed circularly polarized light, the
diffraction efficiency for 18 normal incidence reaches 90.6%, and the diffraction efficiency for oblique incidence
satisfying the Bragg condition is 84.4%; simultaneously, beam expansion in one-dimensional direction is

achieved, preliminarily verifying the feasibility of PVLS application in the field of color waveguides.

Keywords: photocontrolled orientation, liquid crystal, variable spacing polarization grating, optical

waveguide
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