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Influence of physical parameters on the properties of
liquid crystal polarization grating

CHEN Yu-nuo', LUO Wei-cheng', YAN Hong-jie’, CHEN Lu-jian'"

(1. School of Electronic Science and Engineering » Xiamen University, Xiamen 361005, China ;
2. Xiamen City University » Xiamen 361008, China)

Abstract; With the demand on increasing data storage capacity and information processing speed in the
modern society, more compact and integrated planar optical devices have received widespread
attention. As one of the typical liquid crystal (LLC) devices to modulate geometric phase, L.C polariza-
tion gratings have shown great application potential in optical systems due to the advantages such as
high diffraction efficiency, large deflection angle, and short response time, etc. However, some of the
problems related to electro-optical performances have not yet been overcome in the current manufac-
turing process of LLC polarization gratings, limiting its practical application. The control of diffraction
characteristics of LLC polarization gratings is subject to certain preconditions. In this work, by optimi-
zing the elastic continuum model used to analyze the LLC polarization grating, the influence of LC

physical parameters (elastic constant, dielectric constant, etc.) on the critical cell thickness and
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threshold voltage, under the strong and weak anchoring conditions were investigated, providing the

theoretical support for the selection of LLC materials with suitable physical parameters for LC polariza-

tion gratings toward different applications.

Key words: L.C polarization grating; anchoring conditions; elastic continuum model; physical parame-

ters

1 7]

nu\‘

FERL K 10 AFp LT ARG . B AR PB A
fii (Pancharatnam-Berry phase) J5 Iff i i 5% L 15
T4 NBE H kR b R 25 3 R Bh A AR
B AR AN TR] S JUART AR A7 A2 A6 35 T 6 Y -0 AH
H VB ™ (Spin-orbit interaction, SOD) , i ik i) &
30 Ao 2 1] S R A BT R 7 AR A R i 4 A R
Z B FR . i TG JUART AR 7 AR e T -
R — & 1) SR A BT By LA B A A i iR
AR OB A BT 3 B A T B AR KA R
SPORAEHEAR 7 AR R, HLR A A R b oY BRI B A
BAF M E e . T LA R S LR AR 7 9
Ny o s A AR N AL B A BRI T & ]
RETE

W fh (Liquid crystaD) 7 2 — Fh ] gl 25 B
FL 7 1 R B BLAE W] Uk B o RS Y 4%
Te] S P AL 2 o L AR AR S 8 o g A £ BEAE
. BETCETWMSMOCRSFCEB S T
JIZ R s TR IR R OB | 4R
P 28 A AT ke i, 2 R RV AR 43 1Y
R AR L A A0 3 AT A SO G AR A
AT 52 BT DI 5 i 4 285 55 010 2 R e 1 T o

YR A I R Y6 (LLC polarization grating, LCPG)
SR — P LAY % AT LA S I TL A AR A 3 A A
. 2004 4, 35 E A B K 2% 1) Crawford % N H K
I FH T B A2 (B i A1 ' 114 4 5L B D' A B ot Bl 47
SEAE . AR T AR A B B 3 i R B 1)
524 [ € 1R G WA, I L k0 i R TR R AT
I ] 33 b I R P VR O I DG | PR O ke s O
R IR G 5 2 X R R AR SO R B
I Al B G s IR AR Sy - PP MR B 3 2
Ti1] R G EL A A F, 45 [ S P R OIG 27 4% ) S 1 19 1) 91
ARV fh o I 308 5 A B 1) (50 9 & 20 5 1 REARCF T

PEAT RSP HE A S 7 A 30 P93 23 1 A 1)
RIERE T 1807 K Se M . 5 B Bl O O IR O
WA [ 5 a2 Gl nT LA i e s R AT i L X T AR S
T o B B A W i R OCHIE L To R IR B L S —
15 3 3 WA IR 6

FLTI Y i I DG Ml 8 28 78 i K5 B o O % 1Y
JCHU A R R R BT Tz B T 5
UURD O S KNS INEAWDA B N N T3 S
G ORI R, E A AR A A Y
HOeATofE . (H2, [F N A B 58 2 4 08 T
AR AA — L BARME R U R T ES
AT B SNFD SRe FH TR Ml I DI DA A B A B 5

H 20 fit2d 80 4 AR fi #= D6 A A4 8L 2 1 Tk
B R LR S VR i AR ' M E AT S80I AR i
BUCIETT A A TR R M E RS, 2007
4 Komanduri 55 A e 1 A A 51 34 2 0K 3108
P o 1 i IR D' A A SR 3 S AR R L o o
PR X Rt D IR O M B 8 23 5 4 L R O R R
SRR AW 39 0 M 3 28 03 A 19 45 2R X T
Foi s it B AR R MR T B P % TAE
F BGOSR A A 3 R R Ry
Pl 5 0I5 0 B L PR ) 4 ] 4 B R
Me o R AR G A B9 45 R R AR R R L A
R RS o DRE N I R Y
SO TPV T A I R R R SR R
2 B AR 23 1 B HE S Sl B L B AE G A i E
ORI N B A G SRS R T ol ol N 1}
AN TS AT X O0F A D R O M A AT S 28R R
i P V81 8 4 PR AT 2 AR B (E A TR AR
SR AR D B O A A o TR TR L S 2R B R AR L Y
25 W Bl IR O — A~ /N T B HL T 4 A1 e TR
I 98t & B 1 R B L P A 3% 21 o
T EL 37 B B2 0 TR 24 A0 0 A TR R T R H R
AL AT U 2o R 5 A o T RO A . 2 TR



1224 W5 B

35 %

TR At D T O M B 4% S RE B 2 A AT I AR D R
BERHBTT ML R RIEC A AP, S
BCR B 28 5 3%, HIX S S W0 A
TE WA &5 /N T B & )5 A0 I R T 9
R A Al b BT LAAS SC R AT DL S AR B Ak
TR R 4 4 9 i R O B AT S O B9t
P i 50 V5 R B R T O DDA T B
5%

AR ST Fe A G WA i U G I 4 P 3 2 (A
BB RE S S SR IO FH 2% A5 2R 23 i) A 5 il A 2% 7 R
55 B E SR F P FR RS O0F L BE X BAOR [F & )R 50t
A JEL 303 4090 o i e D' A AT B T SR A
TE TR W0 P 2 00 S S 1 S i Rl 6 P A
L FEL TS 19 R I L L O HEAT R 2 T R B

2 AN

2.1 SRR A A 3 i A

BE, BB Komanduri B9 TAE T # @
AU Y 30 7 5 R0 0 ok R, A S 11 43
BFAR AL B R T VB L ¥R 5 T I 0 25 4 3%
BEME 1 PR NS0T TR TN
A g AR R LI 1 R o Ly
W B d R B RLRE LA A TR 4R 6
S . 52 X — AN A ke FR A T
$5 1%

;(6 Q)= cos@cosgov; + cos@singo; + sin@g )

D
ol oL, 2o — o] NI
Hor, 0 #4350 Ry s 6] A6 s £ H B AR} A1 L A
F+g_‘_ B R HLR
—hF O 4 4 =24 ® F — —
—hF O A4 A 448 F — —
—hF O A4 A4 — 448 F — —
——F O 4 4 ——440®F — —
—hFF O 4 4 — =44 0 F — — PHEE
—hF O 4 4 44448 F — —
b~ F O 4 == = 4 ® F b
OTh—+ F O 4 4 448 F — —
—F Q4 A — = 4 @ F  — x
—hF O 4 4 — 4448 F — —
—F Q@ 4 4 — =48 F - — |
—hF QA4 4 o4 @F [V z
—hF O 4 A — =4 4 8 F — —
dl—HF O 4 4 4408 F
7=-5 ~
2L WIS l%ﬁ’(
r t |
x=0 =A x=2A

BL1 I i T B 45 s =
Fig.1 Schematic diagram of liquid crystal polarization

grating structure

o TR & S 1R R SRR R L 0 A o #R
JERT y AR ST L R I 5 P R 2 f A
P11 5 T A SR A A8 ot D A I A ) S A 254

AR WA 0 0 T TR B, 2 N W 2
FSNFAE ] J i o 2 A R MBS o IR O

FE 04 5 48 T 9 160 5% e B2 1) A B ) 5 5
Al BT LR R — A S Y &N
W i 32 B A A D 5 SCE B — A - 3
LA BT 00 1 A7 25 A 0749 BB i e I A T D) B
W Y R 22 58 [ fE % BE (Frank-Oseen elastic
energy density) N % % 7E % R & T B8 & /b
T BA SMn e 3 1R T Al T 10 51 A W
A SR 22 5 Pl R T SRR o

1 e 1 - -
wF:?K] (V'?’l)2+?Kz (77 'V><7’l)2+

1 . .
?Kg (n XVXn)®+

%sz- [(n+V)n— (Ven)n] (2)

Horp K Ko (K 3 50 O BT A A ek B J i
sV Rl R R ROR S il SR R, 4
WA i RO M I — A L S e W N R
RE I 2 Al KR
wCICCZ*%sOAs (;-IE)2 ) (3)
For e g FL 23 A HUH B, Ae Sy BT T AR BA R
(90 L 25 1] S
B LI D IR EA A I — AR T B E RV,
R IR VR O 1R 2 R A e, S B A
[ B — s B . N 2 o 7 45 0 &5 E] A 5t
ZEAFRR G AN N L g, T DL s AR vk T R A A

d BEREE | - Hi
z=t+5 5 n
—FF O A4 A4 444408 F — —
ik ad N~~~ d 2
L e A B A A S i
Y r L4 NNt L
VXYY LY Y NYY Y LY v« AR
\;jviyzgzvivs\;\\;
X b4 b4 X
HNTY ¢« 1Ly NSNSy Ly ¢
Y Y Ly vy NYY VY Ly v« x
VY Y Ly Y NY Y LY v«
LYY Y Y L v é_'
i A A A T T TS S i gl 9 4 z
[ T B e B T TS e
dl—FF O 4 4 <4440 F —
7= = :
2L ﬁﬂlﬁﬂ' i@.&
r 1 "l
x=0 x=A x=2A

Bl 2 V>V B O P 00 i 25 4 s = R
Fig.2  Schematic diagram of liquid crystal polarization

grating structure when V>V,



512

W U 5 A5 < W1 25 00T 80 O A1 D' R 2 1) 52 1225

FHT BE 25 J3E d /I I 9 0 & 2148 1) < o3 A gt T
PEATIZA B 25T HAB O PES R0
SROFIAST 2 W i IR OC MY B B e BE R RE A

2

do
W —wFf +wclc0:f(6’§0) E +
20\ ? 0\ (90
c0(52) rroo(GE)(52)-

1 )
?a)AeEzsinz(? , 4)

M

L
. _cos’l

e(0,¢) =sin’¢ (K, — K, sin*0 — K, cos’0) ,

[Kz Sln26+K3 Cosza +(’((99€0) ] )

g (@) Z%(Kl cos’d + K, sin*0) ,

h(0,¢) = (K, — K,) cos’fsing .
FIA—ABUE N — 1, V5B« AR
B SO, @) B 2] LAAG BN T4 1) 5% fh
B0 AR < R &R J DL SN Y
Yk E Z RS,

T

d iﬁofe d (5)
A(Z+§J*o 7 (OnoB) A8
Hrfr,

G (0..8)=[K,+ (K:-K,)sin’0,, sin’8]* X
2K37K3+ 2
sin’@,, X , (AN

aK,+(1—a) +e, AcE? (*) X
(1+sin’B) X T
(K:—K5)
(1—sin®0,, sinﬂ@)fé ,
sinﬁ(z)j

PL (5) Sy 5 il 4 5 o8 W O B G — R 51
RSB EREXIEATU AR 1 58 2 2
() £1%) B B 1 L 50 9% 70 ok AR R N Ml FE AR vl
AT a=0.4 X—ZBHA .

22 MBI ESG

A T Y8 0 I s BT DA — B I K
Fil B TE VR 8 PN K R A FRATT AR AR A 5 IR
FVEL 5 5 B 09 R 6 P 3R T [ 09 A ELPE T PR
AR . 7E A AR H L 46 22 fiE (Anchoring ener-
gy) B K /INDE TE T 4l 78 2% 1 1Y) 5 55 5 A 2% 1
T R 1 2 7 R 0 RISV b 40 4 ) S AE R 1H
A [ 7 L DA 2028 (A8 100 5 22 R T Y TR

5348 1) < A5 3R T A 25 oy Wl 78 (R 15 0 L B
55l 7E S A

DI U o) g AR S ) 5 5 T 9 R I L ART AR 2
JCAE TR Y e EE A B R Z P A
Ichimura 11 1988 4F 7 Y42 Ot B 1) £ R
K AZBARRARE T ARk, 2002
4F, Chigrinov % NP5 JF & T — 5 T 6l g 5%
18 U e AT AR 1 D645 ) A1 RE SDT, AR
AR b e e A SRR B R 01 BRG] L 2
R AR R R OR300 HL A A6 e
FORT] LA $ A3 55 B8 452 I v £ R AH LU 00 09 B E fE
(>10"" J/m»HHF,

WAL, AT R G 5 VR DA R A P 24 4 1
R R R R S T R U Ol R R A
T ¥R RS E RE . DG 1Y SR A E S5 1R AE H A
AR T B &2 fa e i HERY (3 Z BR T 55 5
FNE A ANl A RE 32 4k 55 B 2 A% 1 O
WO PR, 55 SR AR WA R 3 A 1 T
i o348 ) 5% T8 45 5 Bl 20 L X6 55 i 8 R AR R AT
F5E AT BT ik DR R0 i 4 D' Bl o) 8 5 e v 7 A i
AT CTE TR

2.1 715 T R HE S A AR O T O R Y iR A
A, FE M 3R, Komanduri 1 % 8 #Y 76 55 44
TE ST HEAT T B IR AR R Y S RE B RO
2RI AT T 4 % TR A R R

(6)

Horp W W43 51 2 Wi & 2 T AL W 4y 4R
AR 0 FJT i o Jiml B ERE . IFT
AT WA R B — B R BB L B AT AR A
5 T 5598 0 S BB AL, R A AT DL
S 55 PR IR A 2% 1F T VR O R 6 B 09 R 2 4
AT 5 7
23 WMAEBENYESH

) AT LAFE H o 52 M Y O A1 DA o T
ST m R BRN A 0.7 B AR 2 SR E d
PLEAMIN % 08 E 2 18] ¢ 2 0 W5 M R b
SHUH W AR A LA ] e Ae T3 0 X
i H S R R R R K K WK .

i oY AR 22 B T AR S B A e S
TR i A A B 37 v ) R 43 ) B2 S 4R 2 e
A\ HL A ] S T e L T A 2 I B



1226 W5 B

35 %

09 TE PR R RE L A H 2 1) S 0 B
Fl— b [5. 10007, 3l ad 48 24 45 7 vk vl DL X
T I A LA ) S R AT R, N, 2004 4,
Thisayukta % A4 H 1 78 177 51 F & b m A 4R
YKL 14 %, T LS B 1) 470 R Y RO R
PRI AR
AP R K, (0 =1,2,3) & —Fh FH Ol 4 14 W
mmor PRt AR A B R KA B N A
pN =, Hil o L8 O 4828 7 — Ml M 3 4
SPCPE B ) B R B R
0.5 < K. < 1.2
K,
(D

05 <K uo
. K, .

FESE B, AT L A 2R BT VR 4 T
Rt WIPESGE S B 4ok 908 K. /K M K, /K,
(A ASART L N, 3T o T K R SR
AR AT BRI BT A R R K /K

JUSTEM IR R, e FI K, K, K, ZIAIfF
FE 2 — 22 B HE EL R 0 5L A8 KRS 4 X i) 1 A YR
PP R AE 1 BF 58 R, 3X 2 2 H0ER B 4 O Ok T
WU B A S PR X B AN AR A
PE S H00 53 590 0k <7 b A U SE BBl U

3 BEMAEAMHTHITE

R T ARAS B 0 T SR RN B AR T AR
R A 3] MATLAB o #1715, I i T 358 4 2t
SRR Ak . % 5 — e UL [ 51 A W MILC-
6080, H M HL A& 1] SR Ae = + 7.2, BPE 8K
[K.. K,, K;]=[14.4, 7.1, 19.1] pN, H « H
HH 0.4 PRFFANAS , i T M SO A i ik 5
hEED K. /K, M K, /K, 8 = 8t o DL
E K BEANZ,Eid K, # K, {8 ) 8 AR Sk 52 91
LR HA LA R AR 1L
31 BREE

SR AN E SR ARG R R AR, AE JE A
JIER 37 HAS 25 PR & 43 48 7] 2K A7 76 0 AR T
FEW b b B 2 [ AR bR = =0 bR A 0, =0, 4%
AR G5,

}Zdﬁ :
(8

ﬂfjf K,
2A  Jo |eK, + (1—a) 2K, —K,)

15 A I A5 2 I IR D6 A B I B R d 3R
LW

d.=A l:aJr(la) (2;{* —?” .
1 1

(9
H A T DL 8 B I ' M 4 i TR R — A Ol
MRS A IR AR AR S R R K. /K K/
K LR g S5
TE—2H [EE M A A B OBERIGE R &) d.
SWAM IS K, /K, K,/K BKEH. H
TAE /N SE A T i S R B0 B R A
S, P AR ST 27T SR B9 W 5 Hh 405 4 Yt B I
JEA R O s T A L AR — A BN B BOK
GO HPEATHAE ., 3 M 4 735 T A 4y
#H2,5,10,20 pm Bf d. 5 K,/K, . K,/K, K%
Z L e e d AR AL I, O T
VLA SIEC 5 A A 300 ke L, TR il 2R ZE L
HebR EARTEH T A fEH.

RN

(@ ()
2.0 5.
Lo 4.8
4.6
g18 44
> >
™7 4.2
4.01
1.6
3.8
194 06 08 10 12 04 06 08 1.0 12
2Ky Ky/K,
© @
10.0 20
9.5 19
5_9_0 518
<85 17
8.0 16
5 5
734 06 08 10 12 %6206 08 1o 12
K,/K, Ky/K,

3 ARFBUER d. 5 K, /K X FR. () A=2
pm;(b) A =5 pm; (¢) A =10 pm; (d) A=
20 pm,
Fig.3 Relationship between d. and K, /K, at differ-
ent values of A. (a) A=2 pm;(b) A=5 pm;
() A=10 pm; (d) A=20 pm.

AT LLAE L P A SR 6l 2 R 2L @ th 28 e
AL AR B R AR S R, HERRI S KL /K
K /K A T) B4 A0 OGP 3X J2 H 3 > 2 57 5C
(9) v BT Ak B B R Y, B AN L SR E AR
PETR 3 D AR A ) e 5 & V8 o o3 i) R B



BRI A 25 « W01k 2 OGS Y B A DI A AR5 P 1) 52 1227

%12
(@) (b)
25 6 \
pJ
2.0
£ £
~ ~
3
1.0 )
0 1 2 3 4 0o 1 2 3 4
KJK, KJK,
() @
12 25
10 \
20
g g g
S N 15
6
4 10
0o 1 2 3 4 0o 1 2 3
KJK, KJ/K,

B4 A RFEBUER .5 K /K XR, (0 A=2
pm;(b)A =5 pm; (¢) A =10 pm; (d) A=
20 pm,

Fig.4 Relationship between d. and K5 /K, at differ-
ent values of A. (a) A =2 pm; (b) A=5
pm; (¢) A=10 pm; (d) A=20 pm.

K./K fHIEMH%. 5 K, /K AR H %, B d 09H
BOES A MIER.

RIS b YU A TE VR & R )
Ao A 7 R ottt SHH it A S il 3 AR AR HH il i R R
K 4t 38 0 st 02 W R 1A it 45+ X ) 2
B — S8 AR K, {8 U B 2 W M R 2
Gyt G54 X T T K EHRE K’ &
A ) T Al B A, 4R R J AR R
H B AN & 25 5 s IR 3 SRR A8 B 29 5
B AL o G 1 I N A O L B ol ol R 1118
25 5| Wb A T HEAR b B R B 1 T X Y A
P A Y P BE 7 A BT R IR L 3X S AR 5 O T AR
S5 R — B .
32 HEBRE

SRANE ST YW A &R BE d /N TR R
PRI G o B X i i — A~ H 3 8 A5
Al W i FEL R A 4 o B F e, O B R O A
L EPZS [ AL bR = =0 AR A 0, =0 FF B AR A
RG],

K, z
d 7[% eK, + ({1 —a)(2K; —K,) +

ﬁi 0 Vl 2 2
eoAs(dhj )

(10)

B =X o)A A AL T BRI AT A5 2 B AL RV, B3R
LW

N K, \? _(d 7
V”‘“(EOAEJ ':1 (dcj j| [} (11)

ARV i R DG % B0 F R — A B O A
WA YEREK, K, K A 7R Ae 3T
[P S8, T Vo BT R B 85 RO &R
JEE AN T A 5 0 B B, 7E W e R A A 1
T XA ST EE, R T FERG ZE A
PN A TN QD PR ALE A
W 11 R — 2 VR R S O R A Ll d /A
KM Va5 K,/K Ky /K, LR Ae (8
FL.HAD A, X — A R L EEN 1,
B2 = A /NF 0 (R BIE HE E .

Bl5 FE 6 il m T d/A 4393k 0.2,
0.4,0.6,0.8,1,0 V, 5 K,/K, . K;/K, lIX&,

16
1.4
I
124
o
2 0.8
N 06] F—aa=02
— d/4=0.4
044 |— a0
- @/4=08
021 —au=1
0.0
-0.2 T T T T T T T T
04 05 06 07 08 09 10 L1 12 13

K)/K,

K5 d/A RFEBUERN VL5 K. /K KR
Fig.5 Relationship between V,, and K,/K, when
d/A is different

1.6
-
1.24
1.0
% 0.8+
N
0.6 F—a4=02
—— @/4=0.4
S — d/4=0.6
0.2 —— d/A=0.8
— a@4=1
0.0
-02 T T T T i T T T
05 10 15 20 25 30 35 40 45

Ki/K,

Kl 6 d/A ARRIBEN Vo5 K /K RHR
Fig.6  Relationship between V,, and K;/K, when
d/A is different



1228 W5 B

35 %

AT LI AR SR A AR R S A i PR G Y
BIfEH T Vo 2 ZE S Ky /K EM RS
K, /K MG, X5 d A8V, B3R 3K 0 i 4k /Y
LB AT W BEE o /A BORBHET 1, 3X FhAH
KANEZ WAL 58V, BB B T 0, X 5 BEE
TR0 G VB JEE 3 K YR O3 B i B By 7 AR R
T G b AT AR R AR AT Y

VoV
=)
%

0.07
-------------------

0 5 1015202530 354045505560 65 70 75 80 85 90 95 100
Ae

Bl 7 d/A RRIEER Va5 Ae LR
Fig.7 Relationship between V,;, and Ae when d/A

is different

B 7HR/xRT d/A }0.2,0.4,0.6,0.8,1 i,
Vo5 ae 3k FZR, H,d/A k0.8 A1 i £k
JUFAE 0 b E A, AT LUE Y, 76 3R 4 8 251 T 1)
PR PR A B B R V., REL S Ae B T AH
Kbk, BAER Vo B — DR AT e [, 6]+,
BEE WA d /A B R,V B EAR R T 0,

4 BRELHTHHHE

B SCE 232 B £ 55 B 2 26 1F T 7 2251 AW
it A4 4 B — S RO AR, RIVRE BT 8 9 B
TG IR S R K Ll R R R K, A
SRR K R A A A AR B R R TR R
£ MLC-6080 , 4 2 A% H 1) 56 — 100 4 1 2 ot
PL K =K, 5 5 — s e B e, H o JUE N
0. 4 PREFAAZ,
41 wREE

5535 5 A PF T IR i R 'R M F Il R 8 )R
OAE d AT 3.1.1 /NS o S el i A i o 7R B
AR R R K

2 K=
T=Al1— = ! R 12
d |: - tan (WPAJ} 12)

S ER SV  HR OB AE 55 4l A0 I R SR
s H G A A R R K R T AR A
G3FH6 1 O ABURE AR B G E B W, 3R R T E 1 2
B, HET R AR SORE [ — 2GR R A0 5
B A &R S M F RN R, XRAS W, =
1077 J/m® 302 — A 559 4 2 25 1F T I E g (<<
107" J/m*),

B8 xmT A4l 2,5,10,20 pm . d!
5K BRFR X EXT K i B8 H 05w 50 H
fE[5. 501 pN, &l 21 & il 42 Ak B S d i AR
b IF TR AL AE DAL AR EARIE L T A fH,

@ (b
2 5

4

3

™ 2
1

0 1 —
05 10152025303540455055 0 5 1015 20 25 30 35 40 45 50 55
K/pN K/pN

© @

0
0 5 10152025303540455055 0 5 10152025303540455055
K/pN K/pN

d,'/pm

—

[

d/'/pm

O = NWHE U0

d.//pm

8 AANFEBMENJSKMNER. (0 A=2 pm;
(b) A=5 pm;(c) A=10 pm;(d) A=20 pm,
Fig.8 Relationship between d'. and K at different
values of A. (a) A=2 pm; (b) A=5 pm;

() A=10 pm; () A=20 pm.

AT LU TR 559 B AR WA D RO Y
I 5 0 V5 o A5 O 01 S Y b B A
5 K @O AR R 20 10T i S & )R
B 55 Bl E IFAY /DN
42 BEBRE

S5 E A PE T J R i A D' B A R (R R TR
ICPE VTS 30101 /N Hh B A T A B
AR R




512

W U 5 A5 < W1 25 00T 80 O A1 D' R 2 1) 52 1229

K [(Via) e [“) d
ta”ﬁ"_wp[ oK la

K Bo W HUE 5 5 4l 251 N R BIE R R Vo i
5, T B LA W 2 LA SR A A N W 1R Ak PR AR
fift A AT LAAS BN AERR E W, I 09 B R T

ARV B—AH ALK WA e 1)
SR 9 BN T d/A 435108 0.2,0.4,0.6,0.8,1
mVe'5 K R XHFEES W, =107 J/m’,
Hrrd/A 0.8 F 1B ZJL-F7E 0 b HE 5, A]
DL L 75 559 40 A5 1 Vol i i YA 1 3 {1 P
JE V3 UTE d/A BRI RIS K A 51 f
AN R B /A B3 KLV, Y sk
FOES T 043 55 5 5 5 s A 15 0 2 AR LAY

B 10 JB/R T d/A 439 H 0.2,0.4,0.6,0.8,
LE VG5 Ae R, Hip.d/A 2 0.6.0.8 il

0.7
0.61 /\
0.5
0.4
g
0.3 ——d/4=02
——d/A=0.4
0 —— &/4=0.6
: ——d/A=08
0.17 e,
0.01

0 ; 1I0 1‘5 2‘0 2‘5 3‘0 3’5 46 4‘5 5‘0 55
K/pN

B9 d/A REBER V.5 K #ER

Fig.9 Relationship between V' and K when d/A

is different

1.6

1.4+

1.2

1.07

ViV

0.87

0.6

0.4]

02]

0.0 ]
...................

0 5 10152025 30 35 4045 50 55 60 65 70 75 80 85 90 95 100
Ae

10 d/A RFEBUEN V' 5 Ae R
Fig.10 Relationship between V' and Ae when d /A

is different

1AL 5e A 0T LA L 18 55 48 2 51
TV R G Ae A C, 5 5RAH B 1 3
ALY . [RIRE Bl 2 VR R BE G R L
M3V I Ok T oo, BARE L TE
FHIF 20 o0 s AT 3 — W 1 S 80 59 4l
i (14 15 (L P, e T 2 L i Al B P2 /DN
43 BHELGESEHEEEHITL

AL 4.2 WIS RS M ERIETH
S5 R HEAT X LT UL W O 4 ' A A I S TR RN
I3 {1 PR 7E 5 L 55 4 8 T 32 B 1 2 800 5 R A7
TERRIE 753X — /N5, LA W, R F 78 i, B 5 4l
JE REIG KA A8 L o L 55 P R 8 A1 T S
P RIXA R,

PRA A S AR B E W &R d =2
pern s 57 SR A T R i O AR M I B VR R 1
FL R O S A T 5553 5 7 T 1 VR O e 16 B i A &
JEFN R W, B R B R W HUE N — 1
JUT-JE vk S A4l o 7 L B9 B 2 e (107 J/m®) %
A DA FR (A 5 A A FH B B 2 RE (100 T/ m®) W% T
d/A5y5 M 0.2,0.4,0.6,0.8,1 i, d./d.®T
W AN 11 B,

1.0

0.5
0.0 T T T
7 -6 -5 4 3
In(W;)
K11 d/A RFEBUER &' /d. 5 W, %R
Fig.11  Relationship between d'./d. and W, when

d/A is different

HFMd/A R V=0V, )V, I&HE
SCSFRUAXS T d /A 535 0.2,0.4,0.6,0.8, fi
VL Ve F W EG K 12 s, w1 L
EHLBEE W . d./d f Vv,V %
Koo Hod /AN 38 R T B3 PR, I A il i B
VTSR A UF R OB T 1, B Y 4 E BE R 8 K
W, XA FA G AT RER R
P2 S 1Y % S5 0 HE — 25 UE B TR B AR P



1230 W

35 %

Bl E AR AT B — Bk,

1.07

V'l Vi

0.5

0.0 ; T
7 -6 =5 4 3

¥,

Bl12 d/A REBRER V., /Ve 5 W, R
Fig.12 Relationship between V' /Vy, and W, when
d/A is different

A5G B Komanduri BF A4 # 1& D Hi
DI 3R P 3 e AR R R0 xR Al L 58 A T R
A HA A [R] & TS 55 M S0 6 9 i 9 Sl B4
P> St P B L BRIl R G V5 A 1 (P S R A
FHIE S B 3 R A R RS 1 S R AT
PRI A D N s B " o /A S R AN
25, Ao SR TR D A1 D' WO A A 2o A P A 1
SR B I —E MBS S KA

e 55 8 T« 7 ol 2 T D A DI A I R /N
i 303 8 9 ot A I A — e 30T R A 8 K 1 i
PG VR A B SR AT LB Bt il E 2% 1 DG

Z * X #:

kAR M B K, /K, %K VK /K H 8 /N
AR R S BT DL AR [F] 5% 1 F AR AR 3 Kl B 2 )R
o 1 FH A R AN R 4 1L 55 4l 2 2% 1R 19 6 B 1) A4 L
T 0 6 MR K 388 /0N 9 W b A4 L BT DLAE A R) 45 40 R
ARAT T G AR 5 A At S5 AR ER AR R A 1 5L T
1 FH R B2 A48 58 88 2 % P 1) Y L ) A R T A AR A5 BT
PN Ol RS

5 H P« 50 B G SR AN [R) S R [ 1) g 37 53¢
Xof [ P, AT AN [] A 23R 5 (0 A 2 T A 3t it i
B R SR A R S I B XM T R A PR A —
AR 5 {8 B, T L R K. /K (5
KK, /K Oe (EE /N WS AR, T 24 75 2204
R AT — 55 /N B F B AT DL 2% e f
K,/K 88/ K, /K, A {HE KB SR B
VR A R S A B LG (BB B 1, % B
(18 8 e A LR o FH %) S A e 4 L 55 Ak
PR CIR AR T B b AR YA — AR
149 1 (L HL B T A2 BB Ae 388 /0N (1 TR &
A T 2 55 EE T R IR AT — /N B
B AT DL A Ae (B3R PR AR AL RE R 00 2 >
5555 2 A E T VR T R O R L R
B AF F PR A K AT 5 I FAH DG

AR UL 53 AT A T A O R ' B P A i
Tl PERES B S W A M R M S B0 R B W
it D IR YA A5 18 22 HLAth 1 1 58 2 800 A7 78 A At
PR f ) S, 00 Y A o 57 B 1) 45 L E R SR A BF 5T R
o ZN I AT 43 BT, W BEK B 2 0 WA T M S 8
Yy AASERY rp R AT 25 B I X VA O A Y A A e
T S RS i itk — 2B i A

[1] WAGH A G, RAKHECHA V C. Density operator description of geometric phenomena in the ray space [J]. Pra-

mana , 2001, 56(2/3): 305-319.

[2] BLIOKH K Y,RODRiGUEZ-FORTURO F J, Nori F, et al. Spin-orbit interactions of light [ J]. Nature Photonics ,

2015, 9(12): 796-808.

[3] CHENP, WEIBY, HUW, er al. Liquid-crystal-mediated geometric phase: from transmissive to broadband re-
flective planar optics [J]. Advanced Materials, 2019, 32(27): 1903665.
(4] B & EWmEwAE S5 H S FHEEHCRWE P E m s [D]. Kt 4t Tk X2, 2011.

ZHAI D. The quantum chemical study on intermolecular interaction of liquid crystal and surface material [D]. Tian-

jin: Hebei University of Technology, 2011. (in Chinese)

(5] Zadk. B IRCH A BT OB 3 R T (D], K& o E R B K E LR S YL S 9 BT 5 Br . 2019,

LI S Z. Design of liquid crystal polarization grating and study of its beam deflection characteristics [ D]. Changchun:

Changchun Institute of Optics. Fine Mechanics and Physics, Chinese Academy of Sciences. 2019. (in Chinese)



5 12 4] W U 5 A5 < W1 25 00T 80 O A1 D' R 2 1) 52 1231

[6]

7]

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

[23]

[24]

YAMAGUCHI M, YAMAMOTO T, YUKIMATSU K, et al. Digital {ree-space photonic switch structure using
exciton absorption reflection switch (EARS) arrays [J]. IEEE Photonics Technology Letters, 1993, 5(10):
1203-1206.
KOMANDURI R K, LAWLER K F, ESCUTI M J. A high throughput liquid crystal light shutter for unpolarized
light using polymer polarization gratings [ C]//Proceedings of the SPIE 8052, Acquisition, Tracking ,» Pointing ,
and Laser Systems Technologies XXV. Orlando: SPIE, 2011.
IKEDA T, TSUTSUMI O. Optical switching and image storage by means of azobenzene liquid-crystal films [J].
Science, 1995, 268(5219): 1873-1875.
BROER D J. Molecular architectures in thin plastic films by in-situ photopolymerization of reactive liquid crystals
[J]. Journal of the Society for Information Display ., 1995, 3(4);: 185-189.
CRAWFORD G P, EAKIN J N, RADCLIFFE M D, et al. Liquid-crystal diffraction gratings using polarization
holography alignment techniques [J]. Journal of Applied Physics, 2005, 98(12): 123102.
X A AL F B FOR i IR Y ] s AT ST LD KR i B B2 B K B OG22 R S WL S BT 5 B . 2018,
LIU C J. The study on the fabrication of active liquid crystal polarization grating [ D]. Changchun: Changchun In-
stitute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, 2018. (in Chinese)
BUCK J., SERATI S, HOSTING L. er al. Polarization gratings for non-mechanical beam steering applications
[Cl//Proceedings of the SPIE 8395, Acquisition, Tracking , Pointing , and Laser Systems Technologies X X
VI. Baltimore: SPIE, 2012.
EAE A5, H ARG (F HOR 0905 RN & S D 1m 2R 3R [T ], & #3 K ,2005,31(2):259-262,265.
WANG J, YU X. Free-space optical communication’s current situation and development trend [J]. Optical Tech-
nique » 2005, 31(2): 259-262, 265. (in Chinese)
X AA B R, Bk, F. RS OGUR IE S 0 45 % X A R G AT SRR 2 (D], & dh B 2%, 2018,33
(2):144-149.
LIU CJ, PENG Z H, LI SZ, et al. Diffraction properties of liquid crystal polarization gratings with orthogonal
circular polarization and different intensities waves [ J]. Chinese Journal of Liquid Crystals and Display . 2018,
33(2): 144-149. (in Chinese)
PROVENZANO C, PAGLIUSI P, CIPPARRONE G. Highly efficient liquid crystal based diffraction grating in-
duced by polarization holograms at the aligning surfaces [J]. Applied Physics Letters, 2006, 89(12): 121105.
OH C, ESCUTI M J. Achromatic diffraction from polarization gratings with high efficiency [J]. Optics Letters,
2008, 33(20): 2287-2289.
OH C, ESCUTI M ]. Achromatic polarization gratings as highly efficient thin-film polarizing beamsplitters for
broadband light [C]//Proceedings of the SPIE 6682, Polarization Science and Remote Sensing 111. San Diego:
SPIE, 2007.
OH C, ESCUTI M J. Time-domain analysis of periodic anisotropic media at oblique incidence: an efficient FDTD
implementation [J]. Optics Express, 2006, 14(24); 11870-11884.
OH C., ESCUTI M J. Numerical analysis of polarization gratings using the finite-difference time-domain method
[J]. Physical Review A, 2007, 76(4): 043815.
KOMANDURI R K, ESCUTI M ]. Elastic continuum analysis of the liquid crystal polarization grating [J]. Phys-
ical Review E, 2007, 76(2) . 021701.
WHF Ry (M Jbat B2k 1988.
XIE Y Z. Liquid Crystal Physics [ M]. Beijing: Science Press, 1988. (in Chinese)
YEH P.Optics of liquid crystal displays [C1//Proceedings of 2007 Con ference on Lasers and Electro-Optics - Pa-
cific Rim. Seoul: IEEE, 2007.
STEWART I W.The Static and Dynamic Continuum Theory of Liquid Crystals: A Mathematical Introduction
[M]. London: Taylor & Francis, 2004.
SLUSSARENKO S, ALBERUCCI A, JISHA C P, et al. Guiding light via geometric phases [ J]. Nature Photon-
ics, 2016, 10(9): 571-575.



1232

W5 B % 35 %

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

FNEMG A IR, ST Y 2T A E BB, & i8R, 1993,1(2):1-13

SUN R P, Huang X M. Surface anchoring energy of nematic liquid crystals [ J]. Chinese Letter of Liquid Crystal ,
1993, 1(2): 1-13. (in Chinese)

EH AL kA F Ak B ALM] U R IR . 2006,

WANG X J. Liquid Crystal Optics and Liquid Crystal Display [ M]. Beijing: Science Press, 2006. (in Chinese)
SR LB A AT L L I B AR B T A AR R ST A TR RS S 2 7.2017,32(6)
411-423.

ZOUPF, WEIBY, YANG S L, er al. Some progresses of photoalignment technique applied in liquid crystal
nondisplay field [J]. Chinese Journal of Liquid Crystals and Displays, 2017, 32(6);: 411-423. (in Chinese)
ICHIMURA K, SUZUKI Y, SEKI T, et al. Reversible change in alignment mode of nematic liquid crystals regu-
lated photochemically by command surfaces modified with an azobenzene monolayer [J]. Langmuir, 1988, 4(5):
1214-1216.

ICHIMURA K. Photoalignment of liquid-crystal systems [J]. Chemical Reviews, 2000, 100(5): 1847-1873.
SCHADT M, SCHMITT K, KOZINKOV V, et al. Surface-induced parallel alignment of liquid crystals by linear-
ly polymerized photopolymers [J]. Japanese Journal of Applied Physics, 1992, 31(7): 2155-2164.
YAROSHCHUK O, REZNIKOV Y. Photoalignment of liquid crystals: basics and current trends [J]. Journal of
Materials Chemistry , 2012, 22(2) . 286-300.

AKIYAMA H, KAWARA T, TAKADA H, et al. Synthesis and properties of azo dye aligning layers for liquid
crystal cells [J. Liquid Crystals, 2002, 29(10): 1321-1327.

PR MG . B Ol Rk W 5 4 7 AR ARG DU R e G LD, R At B Bt R, 2019,

CHEN P. Photo-induced liquid crystal domains for the generation and detection of optical vortex [D]. Nanjing:
Nanjing University, 2019. (in Chinese)

AR . [0 AR R G B BRI AT FE LD, KA < v [ B} 22 B K B O6 ~2K B WL 1 BELOT 5 B 5 2006.
ZHANG ] R. The studies of photoalignment technology for nematic liquid crystal [D]. Changchun: Changchun In-
stitute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, 2006. (in Chinese)

LEE Y J, BAEK J H, KIM Y, et al. Enhanced surface anchoring energy for the photo-alignment layer with reac-
tive mesogens for fast response time of liquid crystal displays [J]. Jowrnal of Physics D: Applied Physics .,
2013, 46(14): 145305.

KIMURA M, NAKATA S, MAKITA Y, et al. Strong liquid crystal anchoring on photo-alignment copolymer
films containing w-(4-chalconyloxy)alkyl side groups [J1. Japanese Journal of Applied Physics, 2001, 40(4A) ;
1.352-1.354.

SAKAMOTO M ] P R D. Alignment technology and applications of liquid crystal devices [J]. Physical Review
D, 2005, 74(1). 251-255.

ESCUTI M J, JONES W M. A polarization-independent liquid crystal spatial light modulator [ C]//Proceedings
of the SPIE 6332, Liquid Crystals X. San Diego: SPIE, 2006.

ESCUTI M J, JONES W M. Polarization-independent switching with high contrast from a liquid crystal polariza-
tion grating [ J]. SID Sym posium Digest of Technical Papers, 2006, 37(1); 1443-1446.

KOMANDURI R K, JONES W M, OH C, et al. Polarization-independent modulation for projection displays u-
sing small-period LC polarization gratings [ J]. Journal of the Society for Information Display, 2007, 15(8):
589-594.

ZHAO W, WU C X, IWAMOTO M. Weak boundary anchoring, twisted nematic effect, and homeotropic to twis-
ted-planar transition [J]. Physical Review E, 2002, 65(3): 031709.

CARR E F, HOAR E A, MacDonald W T. Influence of electric fields on the NMR spectra of the liquid crystalp-
(Anisalamino)-phenyl acetate [J]. The Journal of Chemical Physics, 1968, 48(6): 2822-2823.

KLASEN M,BREMER M, G6TZ A, et al. Calculation of optical and dielectric anisotropy of nematic liquid crys-
tals [J]. Japanese Journal of Applied Physics, 1998, 37(8A): 1.945-1.948.

A RE T IS AR F TG B AT LB e D RE M AR CFBF LD, BB - B TR A, 2019,



12 4 R T 5 55 < W 1 5 0O VR i B8 6 AR 1 A 5 i) 1233

[45]

[46]

[47]

[48]

ZHAO Y Z. Research on mechanism of electromagnetic metamaterials and functional devices based on liquid crys-
tals [D]. Chengdu: University of Electronic Science and Technology, 2019. (in Chinese)

THISAYUKTA J, SHIRAKI H, SAKAI Y, et al. Dielectric properties of frequency modulation twisted nematic
LCDs doped with silver nanoparticles [ J]. Japanese Journal of Applied Physics, 2004, 43(8A): 5430-5434,
A, e dh BT Z R A IM. AT A8 TR L R AL, 2000.

FAN Z X. Liquid Crystal Device Process Foundation [ M]. Beijing: Beijing University of Posts and Telecommuni-
cations Press, 2000. (in Chinese)

KBS WS T EHN R G Y o BOR G RE S R A IR R [ D] db et b st R K%, 2019,

ZHANG H M. Study on effects of the mesogenic structures on the electro-optical properties of polymer dispersed
liquid crystal films [D]. Beijing: University of Science and Technology Beijing, 2019. (in Chinese)

B2 . [ FAR WA P s AR RS DR IR (DL MR < iR R ol K%, 2014,

FEI Y F. Strong nonlocal spatial optical solitons in nematic liquid crystals [D]. Harbin: Harbin Institute of Tech-
nology, 2014. (in Chinese)

EEE T :

FRES (1980 —), B & EH 1T A, 1
L B HR, 2007 T ETL R =R A
AL, BTN SO T O
AR FNA HLTC AL 2% 4k 6 24 b4 kL J7 TH 1 BF

5% . E-mail: lujianchen@ xmu.edu.cn

BRR%E (1998 —) , B A A N AL A0+
oA, 2020 4 F JE 11 K24 315 2%+
A, T TR O Y AR .

E-mail: ynchen@stu.xmu.edu.cn




