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Experimental Results on Optical Effects Induced 
in Epoxy Resin Based PDLC 

LUCTA PETTIab, PASQUALE MORMILEa and WERNER J. BLAUb 

"Institute of Cybernetics, National Research Council qf Italy, E u  Toiano 6, 
1-80072 Arco Felice (Nuples), Italy; and 'Physics Department, Trinity College. 

Dublin 2, Ireland 

A thermosctting matrix based on a bifunctional epoxy resin was employed to realize a Poly- 
mer Dispersed Liquid Crystal (PDLC) system. Two different switching effects from an 
opaque to H transparent state have been observed: an electro-optical one occurring at a thresh- 
old value of the applied electric field and a self-switchi effect of thermal nature, occurring at 
a critical incident intensity in a PDLC. The experimental results showed promisi switching 
times with a rise time of 200 psec and a decay time of 2.2 mscc and an exceptionally high 
contrast ratio up to 430 for the electro-optical switch. The self-transparency effect is taking 
into acc~unt  the beam profile variations of the light propagating inside such a medium. A 
three-dimensional analysis is reported. 

Keywords: liquid crystals; PDLC; optical switching; electro-optical characterization 
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INTRODUCTION 

Dumg the last few years a high level of activity has characterized 

the field of research on PDLCs which are potentially usell for a variety 

of electro-optical applications including switchable windows, displays 

and light control applications."41 

These materials consist of micron-sized nematic liquid crystal (LC) 

droplets dispersed m a polymric matrix obtained by means of a 

thermally induced pbase separation in a homogeneous sohrtion of a 

nematic LC and monomer. 

Their optical response can be induced both electrically and thermally. 
The electro-optical response is based on tbe electrically controlled light 

scattering properties of the droplets. An applied electric field aligns the 

molecular director inside the droplets to yield a non-scattering state. 

This happens because the LC is chosen so that its ordinary index of 

refraction is matched to the index of the polymer. Surface interactions at 

the droplet wall return the droplets to the origiual reorkdation in the 
absence of the field to yield an opaque state. A competition between the 
applied field, and the elastic and viscous torques of the LC governs the 
response times and switcbiug voltages of such light shutters. It is 
reported that the electro-optical properties of PDLC depend on LC 

concentration, film thickness, size and shape of LC droplets, and 
refiactive index ratios of the LC and polymer. Is] 

A similar behavior appears when the sample tempecature increases and 

the LC inside the droplets undergoes a phase transition &om the nematic 

state to the isotropic one.R Such a thermal eftect can form the basis of 
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O R I C A L  EFFECTS IN PD1.C I375 1/55 

an optical switch. This can be also induced increasing the incident light 

intensity, so that the initially opaque material becomes transparent. This 

optical phenomenon, is also termed a selftransparency effect. 

In this paper we report experimental studies on both an electro-optical 

switching effect from an opaque to a transparent state occurring at a 

threshold value of the applied field and a self-switching effect occurring 

at a critical incident intensity in a PDLC. 

EXPERIMENTAL 

Materials 

The epoxy prepolymer used in this study is the digiycidyl ether of 

bisphenol A (DGEBA) fiom Shell Italia S.p.A., commercially available 

under the trade name of Epikote 828. The methyl-5-norbornene-2,3- 

dicarboxylic anhydride (MNA) was used as hardener, and the 2,4,6- 

tris(dimethylaminomethyl)-phenol @MP-30), was employed as initiator; 

both these products were Aldrich reagent grade, and were used without 

further purification. The weight ratio DGEBA/MNA/DMP30 m the 

epoxy formulation was 0.53/0.46/0.01. 

The epoxy-based PDLC was prepared by mixing the LC component 

(40% by we@) with the uncured epoxy matrix at 70°C, obtaining a 

complete homogenization of the mixture. The mixture was then 

sandwiched between two transparent conductive glasses spaced at 50pm 

by appropriate mylar spacers. The PDLC droplets were allowed to cure 

at 130°C reached with a heating rate of 2"C/min. 
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Morphological aoahsis 

A prehmary investigation on the epoxy-based PDLC system has 

been presented in a previous work of the authors. r71 

Optical ~cmscopy  shows evidence of a separate LC phase in the form 

of birefiingent droplets at compositions higher than 40 wt% of LC (see 

Figure IA). 

FIGURE 1 .  Optical micrograph at room temperature under polarized 

light of the 60/40 PDLC composition after curing; magnification 16Ox 

(A). Histogram of the particle size distribution inside the polymeric 

matrix (B). D
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OPTICAL EFFECTS IN PDLC [377]/57 

A preliminary study of the above micrograph has been performed using a 

proper software ofimage anaiysis, and the results am reported m the 

histogram of Fw 1B. This distriition was evaluated by 

computerized image maiysis from several SEM micrographs. In this 
case the particle size distn’bution is considerably narrower, with most of 

the domains ranging between 0.7 and 3 pn The peak of the statistical 

distribution (exceeding 60 %) is loccrted between 0.7 and 2 pm. 

E k e t t t ~ ~ ~ t i c t l  measurements: nsulta .ad discusdon 

One of the potential application of PDLC is the rtalization of displays. 

Fabrication of displays requires knowledge of tbe switching voltage, 

respoIlsetimes,andopticalpropertiesoftbennaterialsemployed. 

The electmoptical characterization of our PDLC sample was performed 

byusingthe experimental @-up shownm Fw 2. 

FIGURE 2. Experimental setup. 
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58/[378] LUClA PETTl era/ .  

A ljnearly polariz4d, collimated beam h m  an Argon ion laser is directed 

n o d  to the fibnsurface, the transrmtt * ed optical power is hused on 

to a silicon photodiode to get a small collection angle (4"). The output 

of the photodiode is linear with light intensity over the range used. An 

electric field of known intensity and duration is provided by application 

of a voltage fhm a pulse generator and amplifier to transparent 

conductive electrodes. The voitage signal and optical response are 

monitored on a storage oscilloscope. 

FIGURE 3. Applied voltage dependence of the traasmittarrce of a 

PDLC cell 50-ptn thick. 

W e m e a s u r e d m  * 'vity as a fUnction of voltage fiom 0 to 250 

V.Figure3 showsthetransmm * ivity as a fUnction of the applied voltage 

of the PDLC cell at 50 Hz Transmittance slightly increases with voitage 

up to approximately 90 V,, and increases drastically mthe range 90- 
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OPTICAL EFFECTS IN PDLC [379]/59 

200 V,. The voltage, at which a sharp increase m traasmittance sets UP, 

is the threshold voltage (I!,+,). In such a situation, when the applied 

voltage is lower than a threshold value (approximately 120 V), no 
distortion induced in the LC molecular director appears and the sample 

is m its OFF-state. When the voltage is iacreased above the threshold, 

the reorientation ofnemetic LC molecules occurs. In this case, there is a 

good indexmatchingbetweenthe liquid crystal domains and the polymer 

matrix,thisresllhsmhighlytI2ummd ligd,sothatthesanq>leis 

In order to a d y z  the electrosptical bebavior of our device, we 

changed tk polarization states, the ampfituie d fieqwncy of the 

electric field. In all the tested confisllrations the kkl was driven by a 

square wave applied voltage. Over v = 100% the optical signal was no 

more able to fbltow the driving kkl. 

driven to tbe ON state. 

1 3.0 1 2.0 I 0.0 1 .o 76 

FIGURE 4. Response time as a h t i o n  of applied voltage 
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We measured on and off response times using different values of the 

applied voltage to switch the ceU Figure 4 shows the rise time TON (the 

time required for the composite to reach 9O?h of tk ON-state 

transmkion) and decay time rop~ (the time needdd for a composite to 

reach 10% of the ON-state level) for the PDLC cell. 

A set of photographs arc presented m Figures 5(a) - 5(c) showing the 
traces at the oscilloscope of the driving signal (lower curve) and of the 

output signal (upper curve) in relatiin to various voltages applied at a 

firequeacyof50Hz While the modulated electric field is mthe low state 

the sample is OFF. But whenthe electric field is m the high state, light is 

tnrasmated and the device is ON. 

In Tabk 1 we report m details the values of the response times and of 

mtheswitcldstatetothat . . .  the oonsnrst ratio (ratio of the transrmttnay 

of the scattering state) for each applied extend voltage. 

95 3 0.370 100 

120 0.9 0.9 430 

165 0.2 2.2 410 

TABLE 1. Modulation characteristics of our PDLC sampk 

Thcse characteristics indicate that PDLC cells can modulate depolarized 
light with very fast switching times and avery high contrast ratio up to 

430. 
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OPTICAL EFFECTS IN PDLC [381]/6 I 

FIGURE 5. Optical response of our sample (upper traces): (A) V,.,= 

95V< Vm , (B) V,, = 120Vdh and (C) V,, = 120V>Vm . In the lower 

traces is shown the driving voltage whose frequency is 50 Hz. The time 

scale is loms/cm; the output voltage scale is 5V/cm; the driving voltage 

scale is 5ovtcm. 
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Tbermo-oDtbl behavior 

A ~elf-switching  appear^ when the sanrple temperature increases and the 
LC inside the droplets undergoes a phase transition h m  the nematic 

state to the isotropic one. 

Such a thermal e f k t  can fbnn the basis of an optical switch When 

increasing the incident light intensity, the i n i t i i  opaque material 

becomestraasparent. 

This optical phenomenon, is also termed a selfltranrpmency e&t. 

mtbamo-opticalresponse ofthis new kind ofsample prepared by the 
authors e x h i i  interestiag properties co- the possibility to 

eqloy  it for tbenno-optical sensors or optical memory &vices by 

thermal ad optical bistabilitytbg"' out tesults confilm that, when 

indexmatchbgoccurs due to incrrasing light power,tbere is a defkd 

threshold of the incident inteasity at which the device passes h m  the 
. .  scatteringstatetothetnrasrmttmg One. 

In order to andyzc the light propegation through this pprteriaz and 
study tbe beamproe changes i t u i d  tythennal nonhdics ,  we 

&the- --up descrii  below. 

The light beam h m  an Argon ion laser (A = 514 m) is normally 

incident on the sample, tbe transrmtted opticalpowerPtisfocuscdona 

screen where the projected h-fkld image is collected by a profibmeter 

to get a complete adysis ofthe tbree-dimdonal spatial dhihtion of 
the output beam. A beam splitter just before the smpk allows to 

mDnitor the incident power Pi. 

InFgures6a-6cthredme * nsional profiles of the output laser beam at 
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OPTICAL EFFECTS IN PDLC [383]/63 

T = 25°C for different values of the incident power P, are presented: for 

P, = 7mW< Pth only a weak scattered light beam is observed, while for P, 

= 88mW > Pa, an appreciable laser beam is transmitted whose Gaussian 

profile is easily recognizable. A clear switching e&ct is observed with a 

threshold vahz Pth = 2OmW of the incident power. 

FIGURE 6. Three-dimensional protiles of a laser beam travelling 

through the PDLC at T=25T for the increasing values of the incident 

power; a) P = 7mW, b) P = 2OmW, c) P = 88mW. 
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CONCLUSIONS 

In this paper we presented experimental results on electro-optical 

properties of a new kind of PDLC sample prepated by the authors. We 

estimated the rise time and the decay time as a function of the applied 

electric&kl,traasmdt * ed light vs voltage, and contrast ratio. 

contrast ratio is an important measure ofthe performance ofan e h -  
optical devices. The experimental resuhs showed East switching tims 

witha rise tim of 200 psec a d  adecay time of 2.2 nrsec a d  an 

exceptionally high contrast ratio up to 430. These perfbrmances are 

*appealing* 
One of the aim of our work was to investigate also the thermo-optical 

behavior of the considered material. We analyzd the self-traqwency 

effect which can OCCUT m a highly scattering medium, with thermai 
nonlinear p r o m  Hhenthe inCreesing ofthe incident light intensity 

detexmhm a local tempemhm varietion of the mat&l, 1wx958~y to 

switchfiomtheopaque state to thetmnsmsw . *noac.’Ilrisnxcbmsm * i s  
due to the cOmpetitiOn of the components of the refhtive indicts of 

boththe LC and the polymeric matrix. 

The expekmml observations here present& confirmthe existence of 

such a type of eilkt in PDLC and sbow the s e l f c o w  of the 
propagating laser beam inside the medium by the changes of the beam 

proses. 
In concIusion, we studied the self-action of a light beam 

propgating bide  a PDLC and reported experhmt8.l evidence of light 
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OITICAL EFFECTS IN PDLC [385]/65 

tmmksion from an OFF state to the ON one. Such an 

electricaltyltbermally switching, due to the index matching, of our PDLC 

indicates the p o s s i i i  of employing this material to design tbermal 
sensors or device working as optical switch. 
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