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High Contrast Light Modulator Based on PDNLC 
Monolayer 

V.YA. ZYRYANOV~, V.V. PRESNYAKOV~, A.N. SEREBRENNIKOV~, 
A.V. SHABANOVa, V.A. LOIKO‘ and A.V. KONKOLOVICH‘ 

aL. V Kirensky Institute of Ph~sics ,  Kru.~nvvar.~k. 660036, Rumia, ’Specialized 
Design and Technological Bureau “Nauka ”, Krasnoyamk, 660049, Russia and 

‘Institute of Physics, Minsk, 220072, Belarus 

Interference effects in polymer dispersed nematic liquid crystala (PDNLC) films with monol- 
ayer arrangement of the LC drnplets are investigated. Transmittance charactcristics were 
measured both in dependence on the collection angle and incidence angle. The method of 
increasing of contrast of light modulators based on such films is discussed. 

Kevwords; polymer dispersed liquid crystals; nematic: light modulator 

INTRODUCTION 

The traditional way to produce high contrast light modulator based on 

polymer dispersed nematic liquid crystals (PDNLC) is to use thick 

composite films [‘I. Transmittance of the films in off state is low due to 

the multiple scattering of the light beam by the droplets arranged in 
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scvcral layers across the sample. Rut this way ine\.itahly results in ilir 

growth of drii ing voltage. Another method utilized an interference effcc!. 

in the monolaier PDNLC film will be considered in  this paper. 

Earlier it has been shown experimentally that the dependence of the 

light transmission of PIINI,C monolayer on applied voltage re\,eal> 

oscillation beltavior '2-41. The interference of light beanis passing trough 

the nematic droplets and polymer is a cause of the oscillations. A number- 

of the oscillations and its aniplitude depend on the wavelenglh 01' 

incident light, morphology of the sample and refractive indices of thc 

lilni componcnt '", The opportunity of the quenching of coherent 

transmittance in a monolayer film of polymer dispersed ferroelectric 

liquid crystal Iias been theoretically predicted in ['I. To observe this effect 

I r  I S  riecessar)' to meet rigid requirements concerned the film parameten. 

h i s  problcm :an be solved easier by using polymer dispersed neniatics. 

I n  the latter c.ise one of the parameters, namely rcfractivc index of the 

nematic. is vat ied by electric field. The detailed theoretical consideration 

and experimental observation of the interfcrence quenching effect in 

PDN1.C monolayer was carried out in l i ' .  

In this p;.per, we present the light modulation characteristics of 

PDNLC monolayer films measured both in dependence on the collection 

:ingle and incitience angle. 

EXPERIMEb TAL 

l ' l )Nl ,C films were prepared by a method of solvent-induced pha.sc 

separation (SII'S) " ' _  To form a homogeneous solution ive dissol\.ed tlic 

composition o.' polyvinylbulyral and nematic liquid crystal 5CJ3 ( in  r;llio 
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IllCH CONTRAST LIGHT MODULATOR BASED ON PDNLC [3985]/217 

1 ' 1  ) in ci l i i i i iol .  The snlurion \va\ potiri.d on pol!tetratluort)ctliqli.nc 

p h e .  ' h c  sol~eirt  evaporated rc~tiltiiig i n  formation of the composite 

film with tnonolaycr arrangement of LC droplets. Thea the lilm was 

sep;iratttd f i o i i i  plate, Liriiaviallq stretched and placed betneen two glass 

substrates with indium-tin oxide (lToj electrodes. 

ii s i x  01' the droplets cvas varied by the rate of evaporation. On the 

I'igure 1 a typical texture of the samples under study is presented. The 

I'l>NL.( lilm moi-phulog!. \\;is iii\chtigaled by tisiiig the polari7rti 

lllicloscopc I'OlAbl-1'1 13.  

' J ~ I c  dcpcodeiicies of the light trarismission of l'I>?jI-C films upon 

applicd voltage (volt-contrast ciirses) were iiieasured using the 

cxpcrimcn~ril setup constructed ;is fi~llows. I,inearly-poIari7ed light o f  

1 Ic-Ne liiser ( i=0.633 p i j  passed tliIotigh the sample. Transmitted light 
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V.YA ZYRYANOV f > t  r i l  

was limited by the diaphragm and was detected by photodiode coupled 

to a XY-recorder. An ac electric field of ikHz was provided by generator 

of sinusoidal electric signal and applied to the transparent electrodes of 

the cell. All measurements were performed at room temperature. 

RESULTS AND DISCUSSION 

The light transmission curve of PDNLC monolayer film versus applied 

voltage is presented on the Figure2. Average sizes of the axes of 

0 20 60 

UP4 
FIGURE 2. Light transmission of the PDNLC monolayer 
film as a function of the applied voltage. Film thickness is 14 
pm. 
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HIGH CONTRAS'I' LIGHT MODULATOR BASED ON PDNLC [3987]/219 

ellipsoidal droplets are 44x30 pm in the plane of film and 12 pm in 

lateral plane. Average deviation of long axes of droplets from a direction 

of their preferable orientation is 7.5 degrees. The overlap coefficient 

equal to the ratio of the projection area of the whole droplets on the film 

plane to the area where they are distributed - 0.6. In unpowered state, the 

light transmission of the sample is equal 4%. As can see, volt-contrast 

curve reveals the oscillation behavior due to interference effect. At the 

voltage U=13.2V the light quenching is observed (transmission is 1.1%). 

At saturation field the transmittance grows up to 36%. The switching of 

the cell between the initial state ( P O )  and saturation one (U=SOV) gives 

a contrast ratio 9:l.  Utilization of the light quenching state (switching 

voltage between 13.2V and SOV) permit us to increase contrast ratio up 

to 33:l. 

As was shown in['] theoretically, the quenching of light passed 

through the film strongly depends on the collection angle of transmitted 

radiation. In the measurements, we changed the collection angle a in the 

range from 0.2 degree to 2 degree. The dependencies of the minimal 

transmittance T,,, (in the state of light quenching) and maximal one Tsat 

(in saturation state) on the angle a are presented on Figure 3. Really, the 

T,,,, increases from 0.78% to 7.4% in the range of the variation of angle 

a. As a consequence the contrast ratio of the PDNLC cell also strongly 

depends on a. It should be noted, that the behavior of T,,,(a) curve is 

determined by transmission of incoherent light component only and 

corresponds to the theoretical dependence ['I. 

We have investigated also a dependence of contrast ratio on the 

angle deviation of light beam from normal incidence (see Figure 4). The 

angle p of deviation was within the limits of 35'. As can see, the contrast 
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0 

FIGURE- 1 Light transmiscion of the PDNLC film 111 the 
quenching state (Tmln) and saturating one (Tsat) and contrast ratio 
( r5dL/l ,,,,,, I versus the collection angle a 

r a t io  abrupt1 r' decreases under deviation from normal, but is more than 

40:1 in the rmge lp1<12O. 

CONCLlJSlON 

Thus, the results of this paper show a promising way to increase contrast 

ratio of the light modulators based on the PDN1.C monolayer. High 

contrast duc to the light quenching effcct can bc achieved at the small 
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HIGH CONTRAST LIGHT MODULATOR BASED ON PDNLC [3989]/221 

0 0  0 0  

0 0 

-30 -20 -10 0 10 20 30 

P (degrees) 
FIGURE 4. The contrast ratio of the light modulator based on 
PDNLC monolayer film versus the incidence angle p. 

collection angle only. It means the PDNLC modulators with interference 

increasing of the contrast are especially convenient for various laser 

devices and light projection systems. 
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