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Abstract: Orthogonal cascaded liquid crystal polarization grating can realize optical beam large angle-scale
deflection, and has broad application prospects in the fields of space laser communication and LiDAR. It need to
emit and receive laser at the same time in most application fields, but how to solve the problem of separating
emitted light from received light has not been reported. To solve this problem, change of polarization state of
outgoing polarization light source after passing through passive liquid crystal polarization grating layer and
orthogonal cascade liquid crystal polarization grating was deduced based on the theories of 1/4 wave plate, 1/2
wave plate and liquid crystal deflection grating, the reversibility of the polarization state of the outgoing light and
the beam deflection angle was verified. An optical structure which could realize the deflection and separation of
transmitted beam and received beam was designed using polarization splitting prism, 1/4 wave plate, 1/2 wave

plate and orthogonal cascade liquid crystal polarization grating. A test system was constructed, the test results
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prove the correctness of the theory and the applicability of the optical structure finally.

Key words: optical design;

transmittance
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Fig.2 Diffraction properties of passive LCPG: (a) Incident light is right-
handed circular polarization; (b) Incident light is left-handed

circular polarization
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Fig.3 Passive LCPG layer with two LC-AHWPs and two LCPGs
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Tab.1 Control coefficient and polarization state change at different angles

Modulation Polarization state of Phase delay of Polarization state

Polarization state Phase delay of Polarization state ~ Polarization state

angle/(°) incident light AHWP1 after AHWP1 after LCPG1 AHWP2 after AHWP2 after LCPG2
26 0 RCPL LCPL T RCPL LCPL
0 RCPL 0 RCPL LCPL 0 LCPL RCPL
-260 i LCPL RCPL T LCPL RCPL
26 ] RCPL LCPL m RCPL LCPL
0 LCPL 0 LCPL RCPL 0 RCPL LCPL
-260 0 LCPL RCPL T LCPL RCPL
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Tab.2 Control coefficient and polarization state change at different angles reverse light path

Modulation  Polarization state

Polarization state  Phase delay of Polarization state

Polarization state Phase delay of Polarization state

angle/(°) before LCPG2 before AHWP2 AHWP2 before LCPG1 before AHWP1 AHWPI1 before AHWP1
260 RCPL LCPL RCPL LCPL 0 LCPL
0 LCPL RCPL RCPL LCPL 0 LCPL
-20 LCPL RCPL T LCPL RCPL m LCPL
20 RCPL LCPL T RCPL LCPL T RCPL
0 RCPL LCPL 0 LCPL RCPL 0 RCPL
-20 LCPL RCPL T LCPL RCPL 0 RCPL
MR 2 TPl LU Hh, 7EEASHE LT, LCPG JZ2 e Z WA TLZ LCPG.
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(0.625°—0.625°) + (1.25° +1.25°) +(2.5° - 2.5°) +
(5.0°=5.0°) +(10° +10°) = 22.5°
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LCPG Al A b il 77 20
—1x1.25°+0%x2.5°-1x5.0°-1x10°+0x20° =
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Tab.3 Control parameters of AHWP in each layer

Realization angle

0°(MD 1.25° layer)

—1.25°(SD 1.25° layer)

Wave plate serial number 0.625° 0.625° 0.625° 0.625°
Control coefficient 0 0 1 1
Realization angle 2.5°(MD 2.5° layer) 2.5°(SD 2.5° layer)

Wave plate serial number 1.25° 1.25° 1.25° 1.25°
Control coefficient 0 1 0 0
Realization angle 0°(MD 5.0° layer) —5°(SD 5.0° layer)

Wave plate serial number 2.5° 2.5° 2.5° 2.5°
Control coefficient 0 0 0 1
Realization angle 0°(MD 10.0° layer) —10°(SD 10.0° layer)

Wave plate serial number 5.0° 5.0° 5.0° 5.0°
Control coefficient 0 0 1 1
Realization angle 20°(MD 20.0° layer) 0°(SD 20.0° layer)

Wave plate serial number 10.0° 10.0° 10.0° 10.0°
Control coefficient 0 1 0 0
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Tab.4 Polarization states before and after each element of OC-LCPGS

MD SD MD SD MD SD MD SD MD SD
1.25°layer 1.25°layer 2.5°layer 2.5°layer 5.0°layer 5.0°layer 10.0°layer 10.0°layer 20.0° layer 20.0° layer

Layer

Realization angle/(°) 0 -1.25 2.5 2.5 0 -5 0 -10 20 0
Polarization state after layer =~ RCPL RCPL LCPL LCPL LCPL RCPL RCPL RCPL LCPL LCPL

x5 FANGER TEZRBEEREMEN TEHER. BRES
Tab.5 Polarization states before and after each element of OC-LCPGS under the condition of reverse incidence

SD MD SD MD SD MD SD MD SD MD
20.0° layer 20.0° layer 10.0° layer 10.0° layer 5.0° layer 5.0°layer 2.5°layer 2.5° layer 1.25°layer 1.25° layer

Layer

Realization angle/(°) 0 -20 10 0 5 0 =25 -2.5 1.25 0
Polarization state after layer =~ LCPL RCPL RCPL RCPL RCPL LCPL LCPL LCPL RCPL LCPL
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Fig.4 Beam transceiver separation structure using OC-LCPGS
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Fig.5 Experimental diagram of OC-LCPGs receiving and transmitting

separation structure verification

AWHOEAS 1 BRKGE S BPS, 143 . 4 Fv
LCPG VU K—h 12 P Ja, SEAJ7 1 2k 0°, 5t 5t e
i 4 785 A e B B ', D630k 2.61 mW, AT LU
A SR A G B BR AT G, AR R EER
22,

FIFHBOEAS 2. BPS 5 1/4 3% 7 # nlA7 ke [ s 4%

& 6 MiXRGAMKIER

Tab.6 Composition and index of test system

Component Parameter Value
Wavelength/nm 630
Laser | Optical power/mW 3.20
Wavelength/nm 630
Laser 2
Optical power/mW 1.50
PBS Transmittance P:96%; S: 94%
QWP Transmittance 96%
HWP Transmittance 96%
Linear density of grating 1/lp-mm™" 159
Linear density of grating 2/lp-mm™ 159
Linear density of grating 3/lp-mm™" 286
Grating  Linear density of grating 4/Ip-mm™ 286
Transmittance As shown in Fig.6
Thickness/mm 0.45+0.04
Material D263

AR OLIR, 4 i@ o R4, 7F BPS 1935 5
J5 18] 5 SR 1) 43 B BT R, WA & B,
BRI Lt B LCPG Ja Rk R &1L, 1 E 9k
e 5 A OGRSy 1746 52, BPS 9 52 556 7 ) 4%
WHE N 1.22 mW, & 5 7 m BRI EEE AR
10 W, 7T 0L 3= B2 g fat 4 Th 7 S0 1l

I FH A 5 5 B0 & S i AS [ 08 4 6 B2, % Bl A
P IOEIR Z =15 2] 5 BPS 19 S e 5 PG
Jr B AR 7 R

R7T ARBAHBETETER

Tab.7 Transmittance at different modulation angles

Main order Transmittance of 1 * Transmittance of 2."‘1 Transmittance of ?'d transﬁ‘i]t:erliiz of S transgl\i,t‘:erler‘l%: of P
angle/(°) measurement of S light measurement of S light measurement of S light light light
0 81% 82% 81% 81% <1%
10 61% 61% 61% 61% <1%
-10 61% 61% 61% 61% <1%
20 52% 50% 53% 52% <1%
-20 50% 50% 51% 50% <1%
30 41% 39% 40% 40% <1%
-30 36% 37% 36% 36% <1%

PR 7 F A S T UL B D e A B R, i
JeE R BE I, (B FEHUOEII N PBS 1) S J7 1] %
5, AR A S HOE T s Eh 7 S

FHE9 LCPG A B2 0°, 1T 55 2803 B & A 5 A B2 1
RT3 R (536 AN TR) S5 A 38 8ot i 9 IR A 25
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Fig.6 Diffraction efficiency of different LCPG at different angles
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Tab.8 Incident angle at different modulation angles

Main order Incident angle of Incident angle of Incident angle of Incident angle of
angle/(°) LCPG1/(°) LCPG2/(°) LCPG3/(°) LCPG4/(°)
0 0 5 0 10
10 0 5 10 0
-10 0 -5 -10 0
20 0 5 0 10
-20 0 5 0 -10
30 0 5 10 20
=30 0 =5 -10 20
10 f ———t————, WOt R GE b A SHOE S H O G 73 25 1R L, 1 7 S 56
A~ 8 e g e .
A PR GEHEAT 7L, 04SSR R WA [R) I ) £ R 34
09 r , N 2y N 3 > >
> / TSR B S MO A3 B, PR T 965 RGEE it
c
g o5l AR T, S B 5 SR 3 B R A AT 50 X R 8 g ]
5 VAR i R I A BE A DL B R
8 07t
5 % 3k
0.6
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