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Liquid Crystal Beam Steering Technologies

Zhang Jian Fang Yun Wu Liying Xu Lin
(Institute of Ultra-Precision Optoelectronic Instrument Engineering ,

Harbin Institute of Technology . Harbin , Heilongjiang 150001, China)

Abstract Novel laser beam steering technologies are capable of steering a laser beam in real-time and programmable
fashion. The precision non-mechanical agile beam steering system based on liquid crystals can be established in a way
of small size, light weight, and low power consumption. The research progresses of beam steering technologies at
home and abroad are summarized. The principle and some key technologies of beam steering system based on liquid
crystal are introduced. Taking the self-maded liquid crystal optical phased array (LCOPA) as example, the factors
that affect diffraction efficiency of the device are analyzed, the methods that design and optimize the device are
explained and discussed. The ways that improve the features of LCOPA are summarized including response time,
dispersion, and broadband beam steering et al. The research trend of beam steering technologies based on liquid
crystal is previewed.

Key words optical devices; beam steering; liquid crystals; digital light deflector; polarization grating; prismj;
optical phased array
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Fig. 1 Liquid crystal digital light deflector. (a) basic

beam steering switch; (b) two-stage liquid crystal
digital light deflector, with four possible steering

directions

AN TR) s 6 0 A ARk T i S5 B DT T 5 R AN [ T 5 0 5
i 2 1 Y /NIRRT IR O AT S AR B AR .
TR b AR B T % 5 S I Bk 1) A 1 Ca)
RELR P75 i T LAAE WA i 5% f b i B b 22—
HE 25 T A YRR BT ' Ml e BB A e 1 (b))
B s FHPR A W& i B JF OG0 42 ol B s /T A A 4
AT BE 1 SRR B T

X A M) RS S 05 016 TR 0 8 5 R 8 R L TE
AR RHf S A I D0 T S R R O e A R L Y
KM B A - [ I B A5 6 o T AR 38 K 36 2 D 2t
TR S BRI K. — Pk Ip ik 2
WU /N A58 [ 471 0k I i 7 200 36 32 31 5 e % 1 )
A I BFEBR T 5 55 Hb—F fife e I3 1 2 o B A
ARHFE AT 100 Do 17T 52805 1)V b A 41 G A
3.1.2 &R SRR AM

VL st D 3 D' A0 e o A ST ' 14 i i 285 1 A 04
6T ) R E AR AT S B A o VB Tl R OGN P 45
W 2 Rt SR e oy TN 2 J5 T
W n(x) = [sin(rx/A),cos(na/A) 0], A 36
S o A 645 B R BT S B R ) s — 4
25 [ A A I Rl e

off-state
| glasskITO
Nizamsssiinizzass| CEC L o Aomaieils 8\ photo-
Yy == o o o e e - alignment
0 0.5A A 15A 25A 2 layers
X @ | glass 1y
g10 z 10 ®)
5] = M.
508 £os8
© 0.6 (e - -theory] % 0.6 - -theor,
504 o oFDTD| £ 04 © oFDT,
Zo2 Jo Z 02
& B 7.,
= 0.0 £ 0.0
[0 05 10 15 20 A -45.0 -225 0.0 225 45.0
And/A x /)
(© ()]
P2 WO AR DG M A 25 S AT ST AR . () R R BT 2
5 (b) AR IEI S5 5 (o) FFEF R (D —FAT AL
A7 555 1) Bl 91 32 45

Fig. 2 Structure and diffraction properties of liquid

crystal polarization grating. (a) top-view
geometry; (b) side-view geometry; (c¢) diffraction
efficiencies; (d) polarization selectivity of first

order
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Fig. 3 Electric controlled nematic liquid crystal prism used for continuous steering. (a) no control voltage;

(b) voltage is supplied; (c) effective prism
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