This article was downloaded by: [University of Haifa Library]

On: 17 August 2012, At: 19:35

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

= Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Reflective Bistable Cholesteric/
Polymer Dispersion Display
with a Black Polypyrrole
Electrode Cast from the

Solution

Young Chul Kim 2, Jun Young Lee ® , Seung-Sik Pak °
& Chung Yup Kim ?

4 KIST, P. 0. Box 131, Seoul, 130-650, Korea

b Sung Kyun Kwan Univ., Suwon, 440-746, Korea

¢ Orion Electric Co., LTD., Gumi, 730-030, Korea

Version of record first published: 24 Sep 2006

To cite this article: Young Chul Kim, Jun Young Lee, Seung-Sik Pak & Chung Yup
Kim (1999): Reflective Bistable Cholesteric/Polymer Dispersion Display with a Black
Polypyrrole Electrode Cast from the Solution, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 327:1,
157-160

To link to this article: http://dx.doi.org/10.1080/10587259908026803

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908026803

Downloaded by [University of Haifa Library] at 19:35 17 August 2012

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 19:35 17 August 2012

Mol. Cryst. Lig. Cryst., 1999, Vol. 327, pp. 157-160 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Reflective Bistable Cholesteric/Polymer
Dispersion Display with a Black
Polypyrrole Electrode Cast from the Solution

YOUNG CHUL KIM?, JUN YOUNG LEE®, SEUNG-SIK PAK® and
CHUNG YUP KIM?

3KIST, P. O. Box 131, Seoul 130-650, Korea, bSung Kyun Kwan Univ., Suwon
440-746, Korea; and “Orion Electric Co., LTD., Gumi 730-030, Korea

(Received June 30, 1998; In final form July 30, 1998)

A reflective mode bistable cholesteric/polymer dispersion(CPD) display is proposed in which
both the electrode and the light-absorbing layer of the conventional display were substituted
with a single polypyrrole(PPy) layer spin-cast from the chloroform solution. Utilization of
the black conductive PPy film coated on the inner surface of the rear glass plate not only pro-
vided a convenient and economic method of fabricating CPD displays but also improved the
contrast ratio by about 20%. By incorporating 20% of polymer into the chiral nematic mix-
ture, the bistability and the viewing angle of the display were remarkably enhanced while the
reflectance decreased from 89 to 29%.

Keywords: soluble polypyrrole; reflective bistable cholesteric display

INTRODUCTION

Reflective cholesteric liquid crystal displays(LCDs) have attracted much
attention because they are low-power lightweight flat panel displays(FPDs)
ideal for use in portable information devices''. Moreover, the displays are
naturally adaptive to changes in ambient illumination and do not require
expensive active matrix addressing techniques. Recently, to meet the needs
for rugged flexible FPDs, a conducting polypyrrole(PPy) film formed on a
poly(ethylene terephthalate)(PET) substrate has been tried as the electrode
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because the polymer electrode is more flexible and shows a better adhesion
with the PET substrate on bending than the indium-tin oxide(ITO)
electrode!',

PPy has been known to be infusible and insoluble in organic solvents
and, therefore, the film has been formed by the electrochemical
polymerization on an electrode surface or by the in-situ chemical
polymerization on substrates®?. In this work, we employed the soluble PPy
technique!! to prepare a PPy-coated black glass substrate and demonstrated
the reflective bistable chiral nematic mixture(CNM) and cholesteric/polymer

dispersion(CPD) ") displays made possible by using the substrate.

EXPERIMENTAL

PPy solutions in chloroform with a concentration range of 1~7 wt.-% were
spin-cast on normal glass plates to give a very smooth surface. The PPy film
was turned insoluble in organic solvents by a thermal treatment at 90 °C for
30 min. Utilizing the substrates coated with a 3 um-thick PPy film, both the
CNM and the CPD cells with an 11 pm-cell gap were prepared. CNM
consists of 21 wt.-% CE2, 21 wt.-% CB15 and 58 wt.-% E48 from BDH. In
preparing a CPD cell, 20 wt.-% of a UV-curable resin, NOA-65 from
Norland, was mixed with the CNM and the cell filled with the mixture was
irradiated with UV light.

RESULTS AND DISCUSSION

Figure 1 illustrates the structure of the refractive cholesteric LCD with a
black PPy electrode. The display in the planar state gave a selective
reflection of incident light with the reflectance maximum at A = np, where n
is the average refractive index and p the cholesteric pitch of LC. When

switched to the focal conic state, the LC layer became relatively transparent



Downloaded by [University of Haifa Library] at 19:35 17 August 2012

Reflection

Absorption

REFLECTIVE BISTABLE CPD DISPLAY WITH PPY 159

ITO Polypyrmole

~—)

FIGURE 1
reflective bistable cholesteric LCD
fabricated with a black PPy film as
the electrode and the light absorbing

layer.

Structure of the

and the CNM cell reflected much less incident light due to the black

conducting layer of PPy coated on the inner side of the rear glass plate.

The CNM cell showed the reflectance peak at 510 nm in its planar state,

while the CPD cell shifted the peak to 560 nm as shown in Figures 2-a and b,

respectively. The reflectance difference between the planar and the focal

conic states was enhanced by the black PPy film located inside the cell wall

because it absorbed the transmitted or back-scattered light more efficiently

than the light absorbing layer of the conventional type'® which was coated on

the outside of the cell wall.
Reflectance was measured at 510 and 560 nm for the CNM and CPD
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Relative reflectance spectra of (a) the CNM and (b) the

CPD cells in either the planar or focal conic state. Spectra for the
conventional types(dotted lines) were also shown for comparison.
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FIGURE3  Relative reflectance
as a function of applied AC voltage
for the (a) CNM and (b) CPD cells
initially in either the planar(open
symbols) or focal conic(filled
symbols) state. Reflectance at 510
and 560 nm for the CNM and CPD
cells, respectively, was measured
after 200 Hz-AC field was applied

20 40 60 80 100 120 140 r 20 C ved.
Arslied Voage (V) for 20 msec and then removed

Relative Reflectance (%)

cells, respectively, immediately after a 200 Hz-AC field applied for 20 msec
was removed. The reflectance was plotted as a function of the applied AC
voltages as shown in Figure 3. The reflectance of the CNM cell initially in
the focal conic state held the same until an applied AC field of 85 V.. After
an AC field higher than 100 V_, was applied, switching to the planar state
occurred and the reflectance increased from 13 to 89 %. The CNM cell
initially in the planar state switched to the focal conic state on applying an
AC field of 55~90 V,,, and the reflectance dropped to 13 % again. The
optical contrast in reflectance between the planar and focal conic states of the
CPD cell became much smaller than that of the CNM cell. However, the
CPD cell maintained about 95 % of the original contrast while the CNM cell
did about 60% after 6 months. This demonstrates that the polymer network

stabilizes the focal conic state.
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