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Characteristics Analysis of Binary Optic Liquid Crystal Blazed Grating

Zhang Cuiyu Huang Ziqiang

(University of Electronic Science and Technology of China, Chengdw , Sichuan 610054, China)

Abstract Based on binary optics, a new binary optic liquid crystal blazed grating was proposed by combining wave
optics and liquid crystal orientation vector theories. Step-shaped phase was obtained by applying a step-shaped voltage
on liquid crystal grating electrode and its diffraction efficiency is derived. By changing the number of steps in one
unit, the diffraction angle is changed. The maximum diffraction efficiency can exceed 90 % and form blazed grating at

this order. The range of the first order of diffraction angle is 0°~10°.
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Fig. 1 Binary phase grating
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Fig. 2 Schematic of blazed liquid crystal grating

P 2 25 AT LS Ao K T FE AR OO 20 IS
PV PIE SE R FE P Z R Z T A — = i W
o 2 Ay T3 R AT B T R A A o5 48 5 S BE

BN 26 f il o — 41 A6 o 2 A A
FATC . A 3BT A X R A G o S B 0 A YRR
WA TAER T AT R A= i % i e A i A R g T
YA B BT S A A TR DA R DG A B0 BT P A% e
e b Fi e AN [R]  DUDAS [i] b AR e 07 DX S AT B3 5 00 A £
AR BOCREA [ 3 A G i 4R 06 5 1A B A AL A
(7] » DRI SE g LK P s DR R D' Bl 45 1 R AR it i 5 3 9
FL TS 7 A ] A o IO 980 A DX R 5 A ) A o 52 I
o3 At S5 88T AL 52 BB T2 20 A 1) — T el

TR DA DG I JE] 20 BT ) N 2% H AR 1 L 9
SR A H TR AT L S R A A P R e R
HOH N BB MR B LR 52 B B S RS 2
TR N S2BUAT S A B2 A e 78 0 e 3 T R AR R
He o {2 — A R S B IAHE

i TR SRR T A R B SR R R AR L Ry L A
IH A 2R FH R ER P R BB T B AR A 1) % 0 A
T A A5 L BT 5 238 5 W T 9 0 A G &R B & R A5 A
(AST:NENOEA TS

3 AR [ S Yo A AT S R R

A DR VR O B o 3 0 R 93 F 1
G5 R T A Ak BV 3 190 2% 25 81 s 1 PR R
TS . ST T2 St 3 PR F i B A
kL AT ol IS B ML AR 0
I 1 P R R ) — AT

d

F; =J(F,.—Fﬁ)dz, (D
X Fo At A i BE % B F. WG E 8 A il
AESE R Fo D TR0 Ah SN HL 3707585 A9 F o RE A JEE

F. = %[ku(v c 1)’ F k(e 7 X+ 23/ po)’ A+

kys(n X 7 X n)?], (2)
1 1 \% . 2
F, = ?D +E = ?<—$>(e// sin“d+e, cos’@),

(3)
Po R Iy T HBREE .V N SN R D O AL RS R
HLE HHY R R e LR B K e =
(cos fcos @, cosOsingssind) 0,435 KW b o+ 1)
15U AL A ey vy 23900 D9 P A7 A0 3R FL T 45 1)
R HLHEL ko koo ks S IRIE R EL
I A2 73 BB S iy BRA T R AR B R T VL0, 1
i 5k 73 75 R4 ik 22 RIVAS 0t 45 1] 2R 5% T 2 R 7
(5 A 0 . 22 40 i AR R SR A (2) 30, (3) 5K
AR o e T B 4 1) 5 9 400 96 {6 7 3 24 A9 2 4L X
P 22 ) P T A ) 7 o0 A% o 3 45 3 21 1Y R AR KL
IS R R AR A 0, AR VR AT S R A R
B 0 AT T2 AT SR AT B — 2 B9 AR #OE RN 57Ot
HUE/TE N
1 _ sin%d

2 2 2
N, no ny

o e ne 4300 R I EL R S RN A R AR R
ST AT W AT R 0y ony S AR F S IS
TR AT 1) 3 G T SRR AR SR OB R

TEIOB AR I =AM R B R R =137 X
1072 ky =7.0X10 "2, by =16. 8 X102 ; /M HL &
B M M e, =8.85X 10 %, e, =18. 5epre, =
8. Seo » M AR A IL A 200 J2 Wb B MR E S (=6 X
10 m, W] AR AFAE X B 25 748 F 46 10 2% R 4T 5 2 11
Sy . B3 Fn AR HL TR R WSS A N T A 4 R Y
i B A FOoR AR 1 R R AR R TR
(AT I 2

90 ¢

80 ¢
70+

cos“ @ 1)

s N, =M

(1 7]
o o

40V
35V
| 3.0V 11
25V
/ 20V \
0 0102 03 04 0506 07 0809 1.0
Normalized thickness

'
(=]

Tilt angle /( °)

W
(=]

= DN
S o O

B3 I AL R IR 2 AR
Fig. 3 Tilt angle of liquid crystal layer under different

voltages
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Fig. 7 Diffraction efficiency of different orders

100 A M

80 A
60
40 A

20 4

Diffraction efficiency /%

0

0 100 200 300 400 500 600 700
d/pm
8 ASTA] M B s — 2 % I AT B R R

Fig. 8 Diffraction efficiency of the first order at different

grating constants

100
98| '
9 |
94 --~ 1 st order
------ 2 nd order

92 — -3 rd order
— 4 th order
90

Diffraction efficiency /%

88

86 S S
0 500 1000 1500 2000 2500 3000 3500

d/pm
B9 A R R A S 2803 B D it ) A2 Ak
Fig. 9 Diffraction efficiency of different orders versus

grating constant

6 4

Lt T A DA O 9 P i 8
5 FHS A R MRS e S T AT ROt A
SRR DR B 4 03 43 A5 3 FL T 2%
TGRS T O BT SR
O T 5 2 e e — b R 0



74 KA E

TG R T E I 4 4 1 A

1235

FAE — GRATT I AR 98 1Y 9 B AT SE B 0~ 1075 3 1ok
R IS A e — G A i S AR AT U A A A
RFIBFE 90 %L I

1

oo

(21

o

oo

©

10

& X X #
N. Konforti, E. M arom, S-T. W u.
with twisted nematic liquid crystal spatiallight modulators[]].
Opt. Lett. , 1988, 13(22) ¢+ 251~ 253
Y. G. Andy, M. S. Tsai, L. J.
switchable gratings based on polymer-dispersed liquid crystal
films doped with a guest-host dye[J]. Appl. Phys. Lett., 1999,
74(18) :2572~2574
M. W. Fritsch, C. Kohler, G. Hass e a [..
properties of rectangular phase gratings in a liquid crystal phase
modulator[J]. Mol. Cryst. Lig. Cryst., 1991, 198(1): 1~ 14
S. . Edward now inow ski-Kruszelnicki, PDLC
diffraction grating[ C]. Proc. SPIE, 1994, 2372. 367~ 371
R. L. Sutherland, V. P. Tondiglia, L.
Electrically switchable volume gratings in polymer dispersed liquid
crystals[J]. Appl. Phys. Lett., 1994, 64(9): 1074~1076
R. L. Sutherland, V. P. Tondiglia, L. V. Natarajan. Evolution
of anisotropic reflection gratings formed in holographic polymer-
dispersed liquid crystals[J]. Appl. Phys. Lett. , 2001, 79(10):
1420~1422
Zhan He, To shiaki
polarization properties of a liquid crystal grating[J]. Jpn. J.
Appl. Phys. » 1996, 35(6A): 3529~3530
Ren Hongwen, Huang Ximin, Wang Zongkai et al.. Diffraction

Phase-only modulation

Huang e al.. Optically

Diffraction

Kloscowica.

V. Natarajan e al..

Nose, Susumu Sato. Diffraction and

properties of a polymer dispersed liquid crystal grating[J]. Acta
Optica Sinica , 1998, 18(5): 631~634

FEUESC BB B, FREL 55, BA W43 BOR & G M AT S R Y
WFFEl]. 5 4R, 1998, 18(5): 631~634

Zheng Jihong, Chen Gang, Gu Lingjuan et al.. Analysis of the
major factors affecting the efficiency of H-PDLC volume grating
[J1. Chin. J. Lasers, 2003, 30(6): 524~528

HARLL L, B WL BRI . R R A YA BOBOT R 4 BB AT
SRR R ML) P E#R, 2003, 3006): 524~528
Zheng Jihong, Chen Gang, A novel

Gu Lingjuan e al..

11

13

14

—_
(21

16

17

18

19

electrically holographic polymer dispersed liquid crystal Bragg
grating[ ] ]. Acta Optica Sinica, 2003, 23(4): 491~495
FRARLL B WL BRI 45, B LR G W 43 BIOB & R R Y
ke BOEMI]. 4R, 2003, 23(4): 491~495

Max Born, Emil Wolf. Principles of Optics: Electromagnetic
Theory of Propagation, Inter ference and Dif fraction of Light
[M]. 7th. ed., Cambridge: Cambridge University Press. 1999
Jing Guofan, Yan Yingbai, Wu Minxian. Binary Optics [ M].
Beijing: National Defense Industry Press, 2006

S EEE L EHO R, —a k2 [M]L dbat: E B Tk R
tk, 2006

Huang Ziqiang. Principle of Liquid Crystal Display [ M].
Beijing: National Defense Industry Press, 2006

W, RS2 A s [M] dbat: B D i 2006

Zuo Fen, Chen Lei, Xu Chunsheng. Simultaneous phase-shifting
interferometry based on two-dimension grating[ ]J]. Acta Optica
Sinica , 2007, 27(4): 663~667

£ IR R &LIREA. T 4ot FE S B AT
BEARDD A% 2R, 2007, 27(4): 663~667

5 Li Jianlong, Zhang Lijuan, Fu Kexiang et al.. A new structure

for designing beam splitters with the compound modulated grating
[J1. Chin. J. Lasers. 2007, 33(1): 43~48

e SKINIE A AR S, — R R R R o R A
PRI ROEMLI]. + B%ck, 2007, 33(1) . 43~48
Zhou Sumei, Zhou Changhe. Wavefront measurement by using
quadratic grating[J]. Acta Optica Sinica, 2007, 27(1); 1~4
S JH R W ROCHE AT B g LT R AR,
2007, 27(1): 1~4

Yu Daoyin, Tan Hengying. Engineering Optics [ M]. Beijing:
China Machine Press, 2002

ABIE AR IRME L. TAEFE[M]. dtat: HUA Tk AL, 2002

Ye Yidong, Li Jianmin, Yan Hong et al.. Numerical simulation

2a

for optical beam diffraction propagation[J]. Chin. J. Lasers,
2006, 33(suppl.): 284~286

MR LRERG L R . L RAT S B Oy B oy ]
P E Bk, 2006, 33K H)D . 284~286

Hu Lifa e al..
characteristics of the liquid crystal spatial light modulator[]J].

Chin. Phys., 2007, 16: 1665~1671

Cao Zhaoliang, Mu Quanquan, Diffractive



