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Optical Property Simulation of Liquid Crystal Based on
Finite-Difference Time-Domain Method
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Harbin , Heilongjiang 150001, China)

Abstract Finite-difference time-domain (FDTD) method is used to simulate the light propagation through liquid
crystals. The computation window is truncated by the perfectly matched layer absorbing boundary conditions. The
incident fields on left connecting boundary and right connecting boundary between total-field region and scattered-
field region are calculated independently to introduce plane wave for non-periodic structures. A split-field 1-D
auxiliary FDTD method is proposed to calculate incident fields on those boundaries, where the medium are
inhomogeneous and anisotropic. Combined these techniques together, plane waves are applicable for non-periodic
liquid crystal devices. The simulation results show that the maximum leakage of transmissivity into scattered-field
region is less than 3% for twisted nematic cell in on state at 30° incidence. The approach is proved effective for the
analysis of optical properties of non-periodic inhomogeneous anisotropic medium.

Key words liquid crystal optics; non-periodic structure; finite-difference time-domain method (FDTD) ; total-field/
scattered-field techniques
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Fig. 1 Schematic diagram of 2-D computational space and computational cell for FDTD method. (a) Computational space;

(b) computational cell
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Fig. 2 Geometric of twist nematic liquid crystal cell
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Fig. 3 Director distribution profile of left half pixel with

only one electrode and half gap on state (v=3 V)
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Fig. 4 Near-filed electric field images of twist nematic
liquid crystal cell in on state (v=3 V)

N T ER T OGRS &S T AE R RE R RS
AR 1 00 - AR TR Wt & TOURTS D6 £t 3 )l 3 A 4R
2 BAFE— BT v T ) it AR G 45 » SR i Ot
TE A 12 PRAEUAS O 45 S 9 358 S R 00 A1 TR B S R il
25 Berreman J5 3k (T SR BEAT HUES L SR ANIAD 5
Jis. AL FDTD J5 ik th 1 8 2ty i A 0 4 b ik

(a)normal
1.0+ L)), incidence

(b) 30°

At | incidence

el
o o

Transmissivity
=
(2]

0.4
0.2
0 030 = 0
Axis x /pm

B 5 IR Co=3 V) I St % i 411 i 1 51) A
AR RS TG o 3T 1) 1 3 A 6
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