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We report a cholesteric liquid crystal (ChLC) display with multicolor in a single-layered configuration using a multi-pitch stabilization by reactive

mesogen (RM). The cholesteric pitches were modulated by temperature and stabilized at room temperature by polymerization of the RMs through

ultraviolet (UV) exposure. In a single-layered ChLC display without any additional layer such as a color filter, multicolor was obtained by a multi-

pitch stabilization through spartially selective UV expose at several temperatures. # 2010 The Japan Society of Applied Physics

DOI: 10.1143/JJAP.49.084103

1. Introduction

The printed (or written) paper has been a superior display
medium for a long time due to its attractive characteristics
such as foldable, unbreakable, portable, and anywhere
readable features. In spite of these excellent properties, the
printed or written information is impossible to update new
one in this paper. In addition, with increasing amount of
information, the exponential increase of the paper consump-
tion gives rise to environmental problems. In this circum-
stance, the electronic paper has attracted much attention for
its information updatability possessing the excellent features
of the classical paper. The variety of the technologies for the
electronic papers have been proposed such as electrophoretic
displays,1–3) electrochromic displays,4) electrowetting dis-
plays,5) zenithal bistable displays,6) and cholesteric liquid
crystal (ChLC) displays.7–9) Except for the ChLC displays,
additional complex processes and/or color-controlling units
for performing full colors are involved.

In general, the ChLC displays do not require the color
filter and the polarizers due to the selective reflection of the
ChLCs matching the helical pitch. The ChLCs are typically
prepared by doping a chiral agent into a nematic LC and the
resultant helical pitch is governed by concentration of the
chiral dopant. Due to the chirality, the LC molecules are
arranged in a twisted structure perpendicular to a helical
axis.10–12) The helical pitch and twisted sense govern the
wavelength and circular polarization state of the reflected
light, respectively. In principle, as a result, a full color ChLC
display might be fabricated without the color filter and the
polarizers. The various technologies have been used for
tuning colors by controlling temperature,13,14) applying
an external electric field,7,8) and using phototunable chiral
compounds.9) The various pitches were stabilized with
photopolymers in a single-layered configuration.9,10,15) How-
ever, these methods are limited in the number of the fixed
colors and/or the switching properties of the ChLC displays.

In this work, we demonstrated a multi-color ChLC display
in a single-layered configuration using multi-pitch stabiliza-
tion with the reactive mesogen (RM). The various pitches
were controlled by temperature and stabilized by the
polymer-networks through the spatially selective exposure

of ultraviolet (UV) light. The reflected color corresponding
to the helical pitch is shortened with increasing temperature
due to the thermodynamic behavior of the LC molecules.14)

The three different colors from red to bluish green were
recorded in the single ChLC cell. In addition, this technol-
ogy is applicable to the flexible displays and is expected to
become a viable technology to apply the electronic paper
displays.

2. Experiment

The ChLC mixture used in this work consists of a host
nematic LC (62.7 wt %, Merck E7), a chiral dopant
(29.5 wt %, Merck R811), RM monomer (6.4 wt %, Merck
RM257), and photo-initiator (1.4 wt %, Ciba Speciality
Chemicals Irgacure 651). Here, R811 generates a helical
structure of the LCs in right-handedness and RM257
stabilizes the helical pitch through polymerizing itself
initiated by Irgacure 651. The chemical structures of these
constitutive molecules used here are shown in Fig. 1(a). The
ChLC mixture was stirred in an isotropic phase for 24 h and
injected between sandwiched glass substrates by capillary
action in the isotropic phase. The inner surfaces of the
sandwiched substrates were coated with polyimide align-
ment layer and rubbed antiparallelly for planar alignment.
Figure 1(b) shows a schematic diagram of our single-layered
ChLC cell with multicolors. The cell thickness was main-
tained by the use of 6 mm stripe spacers formed by
photolithography of SU-8 (MicroChem). After injection
of the ChLC mixture, we cooled slowly down to room
temperature for obtaining a stabilized planar texture reflect-
ing red color. To fix the helical pitch (that is, fix the color),
the UV light (mercury lamp) was exposed for 10 min
through a photomask at different temperatures (25, 28, and
35 �C). The helical pitch was shortened with increasing
temperature and fixed by polymerization of the RM through
UV exposure even cooling down to room temperature.

For measuring the reflectance of the ChLC cells at
different temperatures, a polarizing optical microscope
(Nikon E600 Wpol), a fiber optic spectrometer (Ocean
Optics S2000), and a microfurnace (Mettler Toledo FP90
and 82) were used. The polymer-networks were observed
by a field emissive scanning electron microscope (FESEM;
Hitachi S-4800) after detaching the sandwiched cell and
washing off the LC with hexane for 10 min.�E-mail address: jhoon@hanyang.ac.kr
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3. Results and Discussion

Figure 2 shows a color variation of the ChLC cell depending
on temperature without the RM and photo-initiator. At room
temperature, the ChLC cell reflects red with the central
wavelength of 620 nm. With increasing temperature, the
helical pitch is shortened due to the thermodynamic behavior
as14)

� ¼ A 1þ
�

T � T0

� �2

; ð1Þ

where A, �, and T0 are a molecular thermodynamic factor,
an empirical thermal sensitivity, and phase transition
temperature, respectively. Therefore, the reflected color
varied from initial red to green and bluish green as shown
in Fig. 2(a). In our cell, the cholesteric phase was shown in
range from 25 to 35 �C where perfect planar textures were
observed because the substrates with a low pretilt angle
and a strong anchoring strength produced a uniform helical
structure whose axis was perpendicular to the substrates.
The reflectance spectra were measured using the spectrom-
eter with varying temperature and the resultant central
wavelengths were evaluated in the cholesteric phase as
shown in Fig. 2(b). The wavelength-tuning range was to be
measured from 520 to 800 nm. With increasing temper-
ature, as shown in Fig. 2(b), the corresponding helical
pitch goes stepwisely down due to the surface boundary
conditions against the thermodynamic behavior of the LC
molecules.12,13)

Next, we stabilized the helical pitch even at room tem-
perature with polymerization of the RMs by UV exposure
through an amplitude photomask at different temperatures
(25, 28, and 35 �C). Figure 3 shows the reflected micro-
scopic textures and the resultant reflectance spectra
obtained at three different areas corresponding to UV

exposed regions at three different temperatures in a single
cell. Here, black lines in the textures represent the stripe-
typed spacers fabricated with SU-8 to maintain the cell
thickness. All textures and spectra were obtained at 25 �C.
At a given temperature, the spatially selective UV exposure
generates polymerization of the RM and forms polymer-
networks in the ChLC cell. The polymer-networks act as
micro-structural boundaries in a bulk region and thus the
helical pitch was fixed against thermal relaxation even
cooling down. From the reflectance spectra, the corre-
sponding central wavelengths in the UV exposed regions
at 25, 28, and 35 �C were measured to be 630, 560,
and 525 nm, respectively. However, broadening of the
reflectance spectrum in Fig. 3 was originated from the
helical pitch broadening and the helical axis disordering
of the ChLC due to the polymer-networks. As a result, the
uniformity of the helical structure was slightly disturbed by
the polymer-networks and thus the fabric textures were
observed.

(a)

(b)

Fig. 2. (Color online) The reflective color variation of the ChLC cell

without the RM and photo-initiator depending on temperature. (a) The

microscopic textures and the corresponding reflectance spectra at 25, 28,

and 35 �C. (b) the central wavelength of the reflectance spectra as a

function of temperature. Here, the black scale bars in the textures are

200 mm.

(a)

(b)

Fig. 1. (Color online) (a) The chemical structure of the constitutive

molecules used here and (b) the schematic diagram of the our single-

layered ChLC cell with multi-colors.
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Figure 4 shows the FESEM images of the polymer-
networks formed by UV exposure at 25 and 35 �C. To
observe the polymer-networks, the sandwiched cell was
detached and the LC molecules were washed off with hexane
for 10 min. From Figs. 4(a) and 4(b), it was found that
the network structure formed at low temperature (25 �C)
was more coarse than that formed at higher temperature
(35 �C). In general, the morphology of the polymer-networks
is correlated to the monomer solubility within the host
materials.17) In the case of low solubility, the LC-monomer
mixture is locally phase-separated and thus the coarse
network is formed during polymerization of the monomers.
On the other hand, in the case of high solubility, the
monomers are well-dispersed in the host LC and the fine
network is formed. With increasing temperature, in our

case, the monomer solubility gradually increases and thus
the finer network is obtained as shown in Fig. 4. It should be
noted that the grain size of the network does not directly
correspond to the helical pitch. These polymer-networks
give rise to local anchoring force in bulk regime of the
sandwiched ChLC cell. Therefore, the helical pitches
determined by UV exposure at higher temperatures (28
and 35 �C) could be fixed even cooling down to room
temperature.

The multi-color ChLC display can be demonstrated in the
single-layered configuration by the multi-pitch stabilization
using the temperature control and the spatially selective UV
exposure. A prototype of a 2-in. ChLC display with multi-
colors (red, green, and bluish green) in a single-layered
configuration was shown in Fig. 5. Each pixel with the
different reflective colors has 1.5 cm in width and 3 cm in
length. In the absence of an applied voltage, the selective
colors corresponding to the stabilized helical pitches in a
planar texture were reflected at each region as shown in
Fig. 5(a). When the external voltage (40 V) was applied, the
transition from the planar to the focal conic textures was
occurred and the reflectance was reduced to dark state. As
shown in Fig. 5(b), the electric field was just applied
to the electrode-patterned characters showing a logo of
‘‘HYU’’ and ‘‘DDLAB’’ and thus the only characters were
turned off.

4. Conclusions

We demonstrated the multicolor ChLC display in a single-
layered configuration without any additional layers such as
a color filter. Our ChLC display was fabricated with the
ChLC and RM mixture for multipitch stabilization in the
single cell. The helical pitches were controlled by temper-
ature based on the thermodynamic behavior of the ChLCs
and memorized by the polymer-networks of the RM
through the spatially selective UV exposure. In this work,
wide color range from red to bluish green was demon-
strated in a single ChLC cell without any additional
processes and components. In addition, this technology
is applicable to the flexible displays due to the ChLC
stabilization of the polymer-networks. This single-layered
multicolor ChLC display by multi-pitch stabilization is
expected to become a viable display to apply the electronic
paper.
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(a)

(b)

Fig. 4. The FESEM images of the polymer-networks formed by UV

exposure at (a) 35 and (b) 25 �C).

(a) (b)

Fig. 5. (Color online) Prototypes of our single-layered ChLC cell with

different colors (a) in the absence of an applied voltage and (b) in the

present of the voltage (applying only characters part).

Fig. 3. (Color online) The microscopic images and the corresponding

reflectance spectra of the different regions exposed UV light at three

different temperatures, 25, 28, and 35 �C. All textures were obtained at

room temperature (25 �C). The black stripes in the textures represent

stripe-type SU-8 spacers with 30 mm wide. The interval between the stripe

spacers is 300 mm.

Jpn. J. Appl. Phys. 49 (2010) 084103 K.-S. Bae et al.

084103-3 # 2010 The Japan Society of Applied Physics



1) N. K. Sheridon, E. A. Richley, J. C. Mikkelsen, D. Tsuda, J. M. Crowely,

K. A. Oraha, M. E. Howard, M. A. Rodkin, R. Swidler, and R. Sprague:

J. Soc. Inf. Disp. 7 (1999) 141.

2) S. Inoue, H. Kawai, S. Kanbe, T. Saeki, and T. Shimoda: IEEE Trans.

Electron Devices 49 (2002) 1532.

3) L. S. Park, J. W. Park, H. Y. Hans, Y. Kwon, and H. S. Choi: Curr. Appl.

Phys. 6 (2006) 644.

4) T. Ohzuku and T. Hirai: Electrochim. Acta 27 (1982) 1263.

5) R. A. Hayes and B. J. Feenstrae: Nature 425 (2003) 383.

6) X. J. Yu and H. S. Kwok: Appl. Phys. Lett. 85 (2004) 3711.

7) N. Tamaoki: Adv. Mater. 13 (2001) 1135.

8) Y. Huang, Y. Zhou, C. Doyle, and S.-T. Wu: Opt. Express 14 (2006)

1236.

9) K. Tang, M. Green, K. S. Cheon, J. V. Selinger, and B. A. Garetz: J. Am.

Chem. Soc. 125 (2003) 7313.

10) P. N. Keating: Mol. Cryst. Liq. Cryst. 8 (1969) 315.

11) S. H. Xianyu, T.-H. Lin, and S.-T. Wu: Appl. Phys. Lett. 89 (2006)

091124.

12) J. Chen, S. M. Morris, T. D. Wikinson, and H. J. Coles: Appl. Phys. Lett.

91 (2007) 121118.

13) G. De Filpo, F. P. Nicoletta, and G. Chidichimo: Adv. Mater. 17 (2005)

1150.

14) S.-Y. Lu and L.-C. Chien: Appl. Phys. Lett. 91 (2007) 131119.

15) C. V. Rajaram and S. D. Hudson: Chem. Mater. 7 (1995) 2300.

16) K.-S. Bae, Y.-J. Jang, J.-H. Kim, and C.-J. Yu: Proc. Int. Display

Workshop, 2009, p. 55.

17) I. Dierking, L. L. Kosbar, A. Afzali-Ardakani, A. C. Lowe, and G. A.

Held: Appl. Phys. Lett. 71 (1997) 2454.

Jpn. J. Appl. Phys. 49 (2010) 084103 K.-S. Bae et al.

084103-4 # 2010 The Japan Society of Applied Physics

http://dx.doi.org/10.1889/1.1985284
http://dx.doi.org/10.1109/TED.2002.801432
http://dx.doi.org/10.1109/TED.2002.801432
http://dx.doi.org/10.1016/j.cap.2005.04.012
http://dx.doi.org/10.1016/j.cap.2005.04.012
http://dx.doi.org/10.1016/0013-4686(82)80146-1
http://dx.doi.org/10.1038/nature01988
http://dx.doi.org/10.1063/1.1810215
http://dx.doi.org/10.1002/1521-4095(200108)13:15<1135::AID-ADMA1135>3.0.CO;2-S
http://dx.doi.org/10.1364/OE.14.001236
http://dx.doi.org/10.1364/OE.14.001236
http://dx.doi.org/10.1021/ja030065c
http://dx.doi.org/10.1021/ja030065c
http://dx.doi.org/10.1080/15421406908084912
http://dx.doi.org/10.1063/1.2345597
http://dx.doi.org/10.1063/1.2345597
http://dx.doi.org/10.1063/1.2789290
http://dx.doi.org/10.1063/1.2789290
http://dx.doi.org/10.1002/adma.200401912
http://dx.doi.org/10.1002/adma.200401912
http://dx.doi.org/10.1063/1.2790499
http://dx.doi.org/10.1021/cm00060a018
http://dx.doi.org/10.1063/1.120087

	c_Sheridon02
	c_Inoue02
	c_Park06
	c_Ohzuku82
	c_Hayes03
	c_Yu04
	c_Tamaokie01
	c_Huang06
	c_Tang03
	c_Keating69
	c_Xianyu06
	c_Chen07
	c_Filpo05
	c_Lu07
	c_Rajaram95
	c_Bae09
	c_Dierking97

