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ELECTRO-OPTIC CHARACTERIZATION OF
E48:TM74A:PMMA PDCLCs

C. L. E. Mahi nay*, L. T. Davila, Z. B. Domingo, and L. G. Cada
Liqui d Crystal L aboratory, Nati onal Insti tu te oj Physi cs, University

oj the Ph ili pp ines, Dili man, Quezon Ci ty 1101 Philipp i nes

Polymer dispersed cholesteric liquid crystal (PDCLC) films have been fab ri­
cated via the Polymerization -Induced Phase Separation (PIPS) techn ique.
E48:TM74A:PMMA PDCLCs, wi th LC:PMMA rati o of 80: 20 and varying
E48:TM74A weight rat io, have been cha racterized for thei r electro-optic p roper­
ties . The PDCLC f ilms have been UV-cured ( ): = 365 n m) at various cu ring
times. Transmittan ce measu remen ts, conduc ted us ing a linear optics set-up
with a He-Ne laser (). = 682.8nm) as pro be beam while su bje cted to varying
voltage, showed tha t 10 urn-thick f ilms UV-cu red f or 3 hou rs exhi bited the best
electro-optic response among all the samples. The use ofcholesterics in PDCLCs
resulted to a lower off-state transm ittance and higher cont rast ratio compared
to purely nema tic PDLCs. As a consequence, tunoeoer, the threshold and driv­
ing voltages are inc reased for PDCLCs.

INTRODUCTION

Polymer dispers ed liquid crystals (POLC) are composed of nemati c LC
droplets dispersed in a polymer matrix sandwiched between two trans­
parent , conducting electrodes.

Polymer dispersed choleste ric liquid crystal (POCLC) films are POLC
films, which make use of choleste ric LCs instead of nemati cs. These,
like POLCs, can be switched from a scatte ring state to a transmitting
state.

Without an applied external field, the LC-polymer boundary conditions
determine th e droplet configuration. The incident light is randomly
scatt ered and only a very small amount is transmitted through the cell.
Upon application of an electric field, the LC molecules are reoriented

The authors would like to acknowledge the Photonics Research Laboratory of the National
Institute of Physics for the use of the opt ics set-up and Mr. Nathan iel Hermosa II for helping in
the data gathering and discussion.
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from the scattering texture to a planar helical alignment. With incident
white light , nearly monochromatic but circularly polarized light is
reflected [1). Application of very high fields could result to the untwisting
of the helix and thus, a highly transmitting POCLC film [2].

POCLCs may operate eithe r in the normal mode or reverse mode.
Normal mode refers to an opaq ue sample in its OFF state and a transparent
sample without the app licat ion of an electric field. Reverse mode, on the
oth er hand , exhibits a transparent sample at OFF state and an opaque
sample at the ON stat e.

For POCLCs to be effective for displays, these must exhibit high scat ­
tering in the OFF state and high transmittance in the ON state for a normal
mode. For a reverse mode POCLC, it must exhibit high transmittance in
the OFF state and high scattering in the ON state. Both normal and
reverse mode POCLCs must have fast switching spee ds and low threshold
voltages.

These proper ties are dependent on the refractive indices of the LC and
the polymer film thickness d , droplet radius and shape . These factors are
depe ndent on th e preparation paramete rs such as cooling rat e, curing time,
and curing te mperat ure, among others.

This study aims to fabricate normal mode E48: TM74A: PMMA POCLC
films via Polymerization Induced Phase Separation (PIPS) technique;
characte rize the films th rough optical microscopy and transmittance
meas ureme nts ; and compare the electro-optic propert ies of POCLC films
with ordinary nematic POLC filrns.

METHODOLOGY

E48: TM74A: PMMA POCLC films were prepared using 80 :20 E48:
TM74A: PMMA weight ratio. The E48: TM74A LC mixtures were pre­
pared with the following E48 concentrations: 85, 90, 95, and 100%
wt. The 20% PMMA was actually composed of methyl methacrylate,
EOMA and AIBN. The mixture was then sandwiched between two
ITO-coat ed glass plates using mylar 10 urn mylar spacers to control
the thickness of the film. The POCLC cells were then UV-cured
(J. = 365 nm) at the following curing times 30 mins, 1hr, 2 hrs, and
3 hrs. The curing time was varied to investigat e its effect on the micro­
scope. To study the electro-optic response of the POCLC films, a linear
opti cs set-up was used, as shown in Figure 1. Transmitt ance measure­
ments were conducted using a He-Ne laser (J. = 632.8 nm) as the probe
beam. Measurements were conducted while subjecting the POCLC
samp les to varying voltage.
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s - PDCLC sample
Pb - Photodiode (detector)

Be-Ne Laser

FIGURE 1 Linear optics set-up.

RESULTS AND DISCUSSION

c=::J Digital
Voltmeter

The samples were viewed und er a polarizing microscope and Figure 2
shows a represent ative photomicrograph.

Length of Curing Time Dependence

Figures 3, 4, 5 and 6 show the plots of voltages vs. transmittance profiles
and it can be observed that although most of the samples switched on,
the samples cured for 3 hours exhibited the highest on-state transmittance,
in general.

This is consistent with the results of Chang et al. [3], wherein they
observed that samples with longer curing time have higher optical trans­
mission in the on-state. This was attributed to extent of polymerization
in the sample. For the samples that were cure d at shorte r curing
time (30 mins , 1 hr, 2 hrs) , and thus not complet ely polymerized, some
monomers will remain mixed with the LC. This would change the refractive

FIGURE 2 Droplet configuration observed in sample photomicrograph. 20x.
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FIGURE 3 Voltage vs. Transmittance profile for PDCLC films polymerized for 30
minutes.

index of the LC-rich region (droplet) . Since PDCLCs work on the index­
mat ching concept of the LC and the polymer upon application of an exter­
nal field, this change in the refractive index of the LC would result to lower
on-state transmittance.

Formulations

Formulation, i.e., LC-polymer ratio, affects the elect ro-optic property of
PDCLC films. In this study, the composition varied was the E48: TM74A
ratio while the LC:polymer ratio remained 80: 20.

Note that in Figure 6, it can be observed that the off-sta te transmittance
increase with increasing TM74A concentration. The addition of cholesteric
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FIGURE 4 Voltage vs. Transmittance profile for PDCLC films polymerized for 1
hour.
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FIGURE 5 Voltage vs. Transmitt ance profile for PDCLC films polymerized for
2 hours.

TM74A to nematic E48 results in an induced chirality in the LC mixture.
The prese nce of this chiral configuratio n affects the prope rties of the LC.
Increasing the concent ration of TM74A results in a more chiral LC, which
results to a more scattering sample. And a more scattering sample result
to a lower off-state transmittance.

In PDLCs, the opacity of the film at off-state is due to the refractive
index mismatch between the LC and the polymer. The PDCLC films have
a lower off-state transmittance compared to the purely nematic PDLC
becaus e of the additional factor of the LC component being a highly
scattering medium itself.

Also it can be noted that the threshold voltage increases with increas ing
TM74A concent ration. This is due to the fact that a more chiral LC needs a
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FIGURE 6 Voltage vs. Transmittance profile for PDCLC films polymerized for 3
hours .
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FIGURE 7 Contrast ratio of PDCLC samples .

greater electric field to be untwist ed then realigned parallel to the electric
field as compared to a purely nematic POLC that only needs realignment.

Figure 7 shows the profile of the contrast ratio of the films. It is shown
that the 95.5 sample has the highest contrast ratio and that the POCLCs
exhibited higher contrast ratios compared to the purely nematic POLCs.
This is because the POCLC films have lower off-state transmi ttance.

CONCLUSION

The electro-optic response of POLC and POCLC films is affected by several
factors such as the length of curing time and formulation. The length of
curing time affects the electro-optic characte ristics such that increasing
the length of curing time yields samples with higher transmittance. The
use of cholesterics in POCLCs result in a low off-sta te transmittance, and
a high cont rast ratio compared with purely nematic POLCs. As a conse­
quence, however, POCLCs require a higher threshold and driving voltage.

REFERENCES

[IJ Agra , D. M. (1994) . Inf ra-red Properties of Cholesteric Nematic ( TM74A:E48) Liquid
Crustal Polymer Dispersions (A Master's Thesis, University of the Philippines, Diliman,
Quezon City).

[2J Khoo, I. C. & Wu, S. T. ( 1993) . "Optics and Nonlinear optics oj liquid crystals", World
Scientific Publishing Co. Pte. Ltd.

13J Chang, S. J ., Lin, C. M., & Fuh , A. Y. G. (1996) . " Studies of Polymer ball type polymer
dispersed liquid crysta l films". Liqu id Crustals, 21 (I ) , 19- 23.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
0:

41
 1

1 
A

ug
us

t 2
01

2 


	Gray PDF - Simplex ADF_001_page001
	Gray PDF - Simplex ADF_001_page002
	Gray PDF - Simplex ADF_001_page003
	Gray PDF - Simplex ADF_001_page004
	Gray PDF - Simplex ADF_001_page005
	Gray PDF - Simplex ADF_001_page006

