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HIGH-SPEED PRISM MODULATOR BASED ON LAGERWALL 
-CLARK EFFECT. 

A.A.KARETNIKOV, M.V.ISAEV and *A.P.KOVSHIK 

S.I.Vavilov Optical Institute, Birzhevaya Line 12, 
St.Petersburg.199034, Russia 
* Institute of Physics of St.Petersburg University, 
Ulianovskaya 1, Petrodvorets. St.Petersburg, 
198904. Russia 

Abstract A modulator for 400-2900nm spectral band 
and modulation frequencies up to 10 kHz is reported. 

INTRODUCTION 

Optical switches using ferroelectric liquid crystal (FLC) 

in a total internal reflection (TIR) configuration were in- 

troduced by Meadows,Handschy and Clark. Bawa et.al. showed 

how to calculate rubbing direction and improved the apertu- 

re to length r a t i ~ ? ’ ~  In this paper we report the signifi- 

cant step forward in the optical response times. The method 

supposed for calculation of such a modulator makes it 

possible to obtain maximum air aperture angle, optimum 

value of modulator prism acute angle for given glass-FLC 

pair and the angle of rubbing direction. 

1 

CONSTRUCTION OF MODULATOR 

The modulator geometry is similar to formerly described 

ones (Figure 1). Here p is ncute angle of modulator prism. 

‘yo is the angle of rubbing direction. The angles w, and I- 
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characterize the motion of director alonu the conical sur- 

face around the normal to smectic layers; y ,  and y -  charac- 

terize the modulator air aperture angle. 

t NINT 

FIGURE 1 Geometry of prism FLC-based modulator. 
are the normals to face, Here N f ,  

interface of modulator and FLC layers respec- 
tively. 4 is the tilt angle of FLC. 

NI NT and NFLC 

THEORETICAL CONSIDERATION 
4-6 A method, based on the solution of t w o  combined equations, 

which w e  adapted for the case of director and incident ray 

displacement in different planes, was used for the calcula- 

tion of modulator parameters. First equation connects the 

refractive indices of FLC layer and the second one is the 

-__ - 
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refraction law for TIR situation: 

n (a) = NGL 

Here a is the ang 

tion and optica 

e Sin pin 

e between the extraordinary ray direc- 

axis of FLC layer; ne(u) and No are the 
indeces of refraction for extrnordinary and ordinary rays: 

Ne= ne(900) is the principal value of the extraordinary 

refraction index. The angle p -  is the anule of extrnor- 

dinary ray incidence in glnss. 
in 

We can connect the modulator parameters with these 

combined equations if we shall take into account the fol- 

lowing. For every specified magnitude of extraordinary ray 

incidence angle p. (naturally, for Sin p i n > N o / N G L )  there 

is the defined position of director in FIX layer plane. 

characterized by angle y. that is the boundary position 

between ON and OFF states of modulator. Formally for this 

magnitudes of pin and y we can put a = y ( T I R  situation). 

After this step the analytical connection between the pa- 

rameters of optical materials and modulator parameters may 

be easily obtained. From expression for y (or a) one may 

receive the air aperture angle and rubbing direction, if 

8 value is known. Apart from 4 value it is necessary to 

establish the ranges of variation of all refractive indi- 

ces (i.e. the spectral region) and range of anule /S vari- 

ations. The simple computer program was prepared f o r  spe -  

cific calculation of modulator parameters. 

in 
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- Ittmx~~ 1 Wavylength,(nm) I Tilt 1 Transition 
angle tempzratures 

435.8 578.0 632.8 (deg.) ( C) 

OPTICAL MATERIALS 

The STK8 glass was selected due to its high refractive in- 

dex. The ferroelectric liquid crystal SZK-236 was chosen 

because of its high spontaneous polarization and conside- 

rable tilt angle value. Parameters of optical material8 

are listed in Table I. 

Spontan. 
polarig. 
(nC/cm 1 

TABLE I Parameters of optical materials. 

STK8 1.721 1.704 1.700 
* *  

Cr+ Sc Sc+ S, 

SZK- 
236 

N 1.511 1.495 1.493 - 
1.693 1.654 1.645 27 0 56 100-110 0 

N0 

RESULTS OF CALCULATION 

The data from Table 1 were used for calculation of modula- 

tor parameters. The spectral region was chosen from 400 to 

1500nm. The boundary refraction indices were obtained by 

graphical extrapolation using Cauchy formula with the first 

two terms taken into account. Figure 2 shows the existence 

of optimum value of acute angle /3 for obtaining some given 

aperture angle ( for example, 2y-1Oo). For this (3 (approxi- 

mately 23O) it is necessary relatively small (28=34.5O) 

variation of the optical axis position in FLC layer plane 

to provide the given 2y value. If the variations of /3 from 

optimum value achieve certain (3=p1 and /3=P2, the restric- 
tion of aperture angle 2y=1O0 takes place. The restricti- 

on of 2y is determined by the extraordinary ray reflection 
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for 1-3 < P, and ordinary ray transmittance for p > O2. 

26 
(deg. 1 

45 - 

40 - 

35 - 
1 I I I I I  I 

P 
19 20 21 22 23 24 25 26 

Pl '2 (deg.) 

FIGURE 2 The angle 28 versus acute angle p 
for simmetrical air aperture angle 2y-10~. 

Figure 3 represents the symmetrical air aperture angle as 
0 a function of 24 angle. For 29=54, the calculation yielded 

2y "17 , i.e. the parameters of optical materials permit 

us to obtain considerable aperture angle of modulator. 

0 

EXPERIMENT 

The test sample of such a modulator with /3-23.0° and 5mm 

linear aperture was fabricated from the listed optical ma- 

terials. The thickness of FLC layer, specified by teflon 

pieces, was 7pm. For FLC orientation we have used the met- 

hod, developed in the Institute of Crystallography of Rus- 

sian Acad. of Science. For testing this device the colli- 7 
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. I  
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(deg 
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- 
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(deg. 1 

FIGURE 3 .  Symmetrical air aperture angle 2y 

for three values of p as a function of 24 
(24 angle is limited by 24=54O magnitude). 

mated beam from incandescent lamp and .fast silicon photo- 

diode were used. The aperture angle measurements were car- 

ried out on a goniometer with a He-Ne laser as the light 

source. The main results are the following: 

transmission of unpolarized beam 0.3 
(AR-coating is absent) 

contrast ratio > l o 4  
7 = 18ps 

7 = 28ps 

driving voltage 2 24 V 

aperture angle in air (X=632.8nm) 17O 

1 

2 

switching times 

rubbing direction 49O 
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CONCLUSION 

The considered device may be useful as a sound frequency 

rate modulator or liquid-crystal fiber-optic switch. Furt- 

her investigations. including use of other materials and 

optimization of cross-talk performance, are in progress. 
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