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FAST CHOLESTERIC LIQUID CRYSTAL LIGHT SWITCH BASED ON 
FIELD-CONTROLLED TOTAL INTERNAL REFLECTION 

PER RUDQUIST AND LACHEZAR KOMlTOV 

Department of Physics, Chalmers University of Technology, 
S-41296 Goteborg, Sweden 

Abstract A new fast cholesteric liquid crystal light switch with response times in 
the microseconds region is presented. Light is partially transmitted or totally 
reflected depending upon the field-controlled position of the optic axis in a 
uniformly aligned short-pitch cholesteric subjected on an electric field 
perpendicular to the helix. Its performance is temperature independent in a broad 
temperature range and a contrast ratio of 2 0  1 is achieved. 

In short-pitch cholesteric liquid crystals aligned in ULH (uniform lying helix) texture, 
the helix axis takes on the properties of a macroscopic optic axis. Recently, 
flexoelectricity has been found to give rise to a linear electro-optic effect in cholesterics 

when an electric field is applied normal to the helix axis"*. The effect seems to be very 

promising for applications due to the large values of the field-induced deviation of the 
optic axis of the cholesteric layer and in some materials, an induced tilt approaching 30 

degrees has been achieved3. To a great extent the induced tilt is a linear function of the 
applied field and can be also temperature independent, which is a big advantage. 
Moreover, the response time of the effect is very short, usually in the microsecond 
region. 

The electric-field-controlled total reflection by nematics has been used in 
different optical devices almost 20 years ago starting with the pioneering work of 

R.A..Kashnow and C.R.Stein4. Since then, a couple of new devices operating on this 

principle have been developed using nematics or smectics' *. 
In this work we present a new fast cholesteric liquid crystal optical switch 

based on the linear electrooptic effect in a uniformly aligned cholesteric layer and the 
field-controlled total internal reflection at the boundary of a high index glass prism and 
the cholesteric layer. 

387 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
19

 1
8 

Fe
br

ua
ry

 2
01

3 



388 P. RUDQUIST AND L. KOMITOV 

EXPERIMENT 

Pevie 0- 
. .  

The critical angle of incidence for total internal reflection a, at the prism-liquid crystal 

interface, according to Figure 1, is given by 

Nsina, = na(E) (1) 

where nCb is a function of the fieldcontrolled direction of the optic axis. At 4 we get for 

TE light 

where N E )  is the angle between the optic axis and the electric field vector of the light. n, 

and n are the refractive indices parallel and perpendicular, respectively, to the optic 

I t 

a) b) 
FIGURE 1 a) Transmitted and reflected light beam at the boundary between 
the high index glass prism and the liquid crystal. b) Schematic transmitted light 
intensity as a function of angle of incidence for -E (solid curve) and +E 

(dashed curve). For fixed a, = a, the device is switching between partial 

transmission (+E) and total reflection (-4. 

axis of the cholesteric layer aligned in ULH texture. Thus, we can calculate a, for all 

NE)  provided that N > n,, asa, = arcsin(ned/N) and a,appears to be a field dependent 

quantity (Figure 2). 
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FAST CHOLESTERIC LIQUID CRYSTAL LIGHT SWITCH 389 

FIGURE 2 cg as a function of the field controlled position of the optic axis @(E) 
with a convenient choice of ne and no. 

Glass pnsm 

Incoming beam TE-mode beam 

nursmltted beam 

Incoming beam TE-mode 

, Y 

beam 

FIGURE 3 
polarization by the cholesteric switch device. 

Schematic illustration of the switching of the light beam with TE 
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390 P. RUDQUIST AND L. KOMITOV 

Let us define a, as the critical angle of total internal reflection for #E) = 0 giving 

nQ = n,. The conditions for transmission and total reflection is then ac > a, and 

ac < a,, respectively. The operation of the light switch is illustrated in Figure 3. As we 

shall see later it turns out that the device, depending on the choice of the initial angle of 
light incidence, can operate in two different modes, as: 

- an electro-optic switch 
- a continuous electro-optic light modulator 

. .  
V O - n  

First, we studied the elecuo-optic characteristics of the short-pitch cholesteric material 

(TI827 Merck) in a sandwich cell with thickness of about 2 pm. In order to attain ULH 

texture, the cell was sheared under an electric fieldzv3. The electro-optic characteristics of 
the material were measured in the set-up described elsewhereg. As can be seen, the 

20 . . . .  I ' . ' . I . ' . . I . . . . , . . . . , . . . .  

I 

0 
8 

40 
26 28 30 32 34 36 38 

c) Tenparture ("C) 

0 50 100 IS0 200 250 

Applied field (Vlpm) 

FIGURE 4 Electrooptic characteristics of the cholesteric mixture TI827 measured 
in a sandwich cell with gap of 2 pm. 
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FAST CHOLESTERIC LIQUID CRYSTAL LIGHT SWITCH 39 1 

induced tilt of the optic axis is a linear function of the applied field and large values of 
the tilt have been achieved at moderate electric fields (Figure 4a). Remarkably, the field- 
induced tilt of the optic axis is almost a temperature independent quantity (Figure 4b). 
The measured response times are in the microsecond region and do not change 
substantially neither with the applied voltage nor with temperature (Figures 4c and d). 

Cholesteric light switch d e v i ~  
The light switch consists of two 45' high refractive index prisms (N=1.748) whose 

hypotenuses form a cavity of 4 pn thickness filled with the short-pitch cholesteric 

material TI827 aligned in ULH texture. The ULH-alignment was achieved by 
unidirectionally rubbed polyimide coatings deposited on the prism hypotenuses. On 
cooling from the isotropic phase under a high ac electric field with frequency of about 
2kHz the helix oriented along the rubbing direction. The rubbing direction was chosen to 
give an angle between the zero-field optic axis and the electric field vector of the TE 
wave of 15'. The quality of the alignment was checked by polarizing microscopy and 
even if the achieved ULH-texture was not homogeneous over the entire cell area, 
monodomains large enough for studying the switching characteristics of the device were 
available. 

The light switch was placed on a rotating table with the plane of light incidence parallel 

to the table. A HeNe-laser was used as light source and a ;3/4 wave plate and a polarizer 

assured pure TE-polarized light hitting the device. The transmitted light intensity as a 
function of the applied electric field was monitored at room temperam by means of a 
photo diode and an oscilloscope, respectively. 

The hypotenuse of one of the prism was illuminated by the laser beam at an angle of 

incidence a, equal to the critical angle ad of total internal reflection for TE. As 

mentioned above, the zero-field optic axis corresponds to N E 4 )  = 15' and a field- 

induced tilt of the optic axis o f f  15' then makes the device operate as a light switch, 
switching the beam between two states - transmission (bright state) and total reflection 
(dark state), cf. Figure 5a. The response times of the device correspond to those 

measured in the sandwich cell and a contrast ratio of about 20: 1 was obtained. If q is set 

to be lower than ad, the device can work as a linear modulator, see Figure 5b. 
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392 P. RUDQUIST AND L. KOMITOV 

FIGURE 5 Applied voltage (upper curve) and transmitted light intensity (lower 
curve) for a) switching mode and b) modulation mode. Photographs are taken 
from the oscilloscope screen. 

pISCUSSIO N AND CONC LUSIONS 

The electro-optic response due to flexoelectric effect in cholesterics has demonstrated 
very promising features suitable for applications in the field of electreoptics such as 
light switches and modulators. The high switching speed and the large induced tilt 
angles of the optic axis are the most remarkable characteristics of such devices. 

In this work, we present for the first time a fast cholesteric liquid crystal light 
switch based on fieldcontrolled total internal reflection. The two device operational 
modes, as light switch and modulator, respectively, are demonstrated. Still, the achieved 
contrast is not very high but it should be significantly increased if the cholesteric layer 
would tie aligned in a perfect homogeneous UHL texture, without defects and 
inhomogeneities. However, the achievement of such uniform alignment over the whole 
device area is still a problem and require a lot of efforts to be solved positively. 
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