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Scattering mode displays with in-plane electrode structure
Hisanori Ohura, Hiroyuki Okada,a) and Hiroyoshi Onnagawa
Faculty of Engineering, Toyama University, 3190 Gofuku, Toyama 930-8555, Japan

~Received 25 January 2001; accepted for publication 25 June 2001!

The electro-optical properties of a scattering mode display with an in-plane electrode structure are
investigated. The in-plane electrodes are patterned on one side of a glass substrate, and the other side
is roughened. Neither side of the substrate has an alignment layer. In the off state, this roughened
surface disrupts the uniform molecular orientation and induces light scattering. In the on state, the
liquid crystal molecules are uniformly aligned due to the applied electric field. This display mode
does not require a polarizer. Under He–Ne laser irradiation, the contrast ratio was 17:1. The
response times of transmittance rise and fall were 6.3 and 46.5 ms, respectively, which are
somewhat shorter than that of conventional in-plane switching mode displays. It is considered that
the disordered alignment is responsible for this improvement in response time, realized as a function
of the roughened surface and/or weak surface anchoring. ©2001 American Institute of Physics.
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I. INTRODUCTION

Liquid crystal displays~LCDs! are widely used for
monitors, graphics projectors, and personal display modu
Various display modes are available and used accordin
the application. For example, scattering or diffraction mo
displays do not require a polarizer or rubbing processing1–3

and in-plane switching~IPS! mode displays have a wid
viewing angle and high contrast ratio because of its liq
crystal motion.4–6 In this article we investigate scatterin
mode liquid crystal displays with an in-plane electrode str
ture ~scattering IPS mode!, i.e., two opposing roughene
glass plates with in-plane electrodes.

II. EXPERIMENT AND RESULTS

A. Experiment

Figure 1 shows the configuration of the scattering I
mode cell. The in-plane electrodes are patterned on one
of the glass substrate, and other side of the glass substra
roughened; neither side has an alignment layer. The princ
of device operation is shown in Fig. 2. In the off state, t
roughened surface disrupts the uniform molecular orienta
and induces light scattering. In the on state, the liquid cry
molecules are uniformly aligned according to the appl
electric field. In this case, the display does not need a po
izer.

The liquid crystal used in this study was LIXON504
000XX ~Chisso, dielectric anisotropyD«55.1, birefringence
Dn50.100!. The glass plate was uncoated borosilicate gl
~Matsunami, S-1111!. The abrasive~Fujimi Kenmazai Ko-
gyo! used to roughen the substrate surface was alumina
particle diametersPd of 125, 37, and 5.3mm. The typical
manually applied pressure was several kg/cm2. The spacers
used were made of resin-based polymer~Nippon Shokubai,
EPOSTAR GP series!. Surface roughness was measured
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ing an atomic force microscope~AFM!; the mean roughnes
and spatial periods were 1.30, 1.15, and 0.46mm and 47, 36,
and 10mm, respectively. The tantalum interdigital electro
was patterned using photolithography and the dry etch
technique. The width (W) and spacing (S) of the two in-
plane electrodes were 10 and 40mm, and 3 and 7mm, re-
spectively. Figure 3 shows the measurement system use
this study. For transmittance versus voltage (Tr –V) charac-
teristics and viewing angle dependence measurements,
kHz rectangular voltage waveform was applied using
waveform generator. For response time measurements,
period of 32 Hz square voltage waveforms were applied,
the transmittance rise timeston and fall times toff were
evaluated. The light source used was a He–Ne laser~wave-
length l5633 nm!, the output intensity of which was mea
sured directly using a silicon photodiode without interveni
optics.

FIG. 1. Configuration of the scattering IPS mode cell.
0 © 2001 American Institute of Physics
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B. Transmittance–voltage characteristics

The transmittance–voltage characteristics for vary
surface roughness are shown in Fig. 4, for whichW was 10
mm, S was 40mm, and the cell thicknessd was 10mm. For
the cell with smooth glass surfaces, a flow alignment eff
accompanied by Schlieren texture was observed, and tr
mittance did not change under the applied voltage con
tions. For the cell with roughened surfaces, the characte
tics were largely dependent on the surface roughness.
transparent state under voltage application was not obse
using the 125mm abrasive, whereas the transparent state
obtained using the 5.3mm abrasive. However, at this partic
diameter, suitable scattering was not observed in the no
plied voltage condition. Using the 37mm abrasive, scattering
was obtained without applied voltage due to the disruption
liquid crystal alignment, and the transparent state under v
age application was also observed. In this transparent s
diffraction corresponding to the periodicity of the interdigit
electrodes was observed. The contrast ratio was 9:1 usin
abrasive with particle diameter 37mm.

Figure 5 shows the variation in the contrast ratios w

FIG. 2. Principle of the device operation.

FIG. 3. Measurement system used in this study.
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FIG. 4. Transmittance–voltage characteristics for the cell with smooth g
substrate~open circles! and roughened surface@particle diameters of the
abrasive of 125mm ~open triangles!, 37 mm ~open squares!, and 5.3mm
~closed circles!#.

FIG. 5. Variation in the contrast ratios with particle diameter.

FIG. 6. Variation in contrast ratios with cell thickness.

FIG. 7. Transmittance–voltage characteristics under various polariza
conditions.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp



st
T
te

ith
e

b

iou

nt

s
to

m
ta
po

la

nce

con-
er

are

0°,

2652 J. Appl. Phys., Vol. 90, No. 6, 15 September 2001 Ohura, Okada, and Onnagawa
particle diameter. The cell thicknesses were 10 and 2mm,
with electrode spacings of 40 and 7mm, respectively. The
maximum contrast ratios were 9:1 and 17:1 forPd537mm
at S540mm and forPd55.3mm at S57 mm, respectively.
For the case ofS57 mm, it is considered that the contra
ratio decreases with further decreasing particle diameter.
optimum condition in terms of abrasive particle diame
was obtained at aroundS:d54:1 in the present study.

Figure 6 shows the variation in the contrast ratios w
cell thickness. The abrasive particle diameters used wer
and 5.3mm for the electrode spacings of 40 and 7mm, re-
spectively. From the figure, the optimum condition was o
tained at a cell thickness ofS.Pd in the present study.

The transmittance–voltage characteristics under var
polarization conditions are shown in Fig. 7, for whichW was
3 mm, S was 7mm, andd was 2mm. The polarizer condi-
tions denotedP andA are for the polarizer set at the incide
~polarizer! and outer~analyzer! positions, respectively. The
symbolsi and' indicate that the polarization direction wa
set parallel and perpendicular to the liquid crystal direc
under applied voltage, respectively. TheTr –V curves for
each side of the glass substrate were identical. The trans
tance with polarization perpendicular to the liquid crys
under applied voltage was higher than that with parallel
larization. Figure 8 shows a normalizedTr –V curve; all
curves were virtually identical and not dependent on po
ization conditions.

FIG. 9. Voltage dependence of transmittance rise timeton and fall timetoff

of the scattering IPS mode~closed squares and closed circles! and conven-
tional IPS mode~open squares and open circles!, respectively.

FIG. 8. Normalized transmittance–voltage curve.
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C. Response time measurements

Figure 9 shows the voltage dependence of transmitta
rise time ton and fall timetoff . The solid line denotes the
scattering IPS mode and the dotted line represents the
ventional IPS mode with an offset angle of 10° und

FIG. 10. Measured viewing angle characteristics. The applied voltages
V100 ~closed circles!, V80 ~closed squares!, V60 ~closed triangles!, V40 ~open
circles!, V20 ~open squares!, andV0 ~open triangles! for which the transmit-
tance is 100%, 80%, 60%, 40%, 20%, and 0% at a viewing angle of
respectively.

FIG. 11. Dependence of contrast ratios on viewing angle.
IP license or copyright, see http://ojps.aip.org/japo/japcr.jsp
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crossed polarizers. The electrode spacing was 7mm and the
cell thickness was 4mm. From these results, the respon
times of the scattering IPS mode were somewhat shorter
that of the conventional IPS mode. It was considered that
response time was improved by the disordered alignmen
the liquid crystal layer due to the roughened surface an
weak surface anchoring effect.

D. Viewing-angle characteristics

The measured viewing-angle characteristics are sh
in Fig. 10. V100 to V0 represent the voltages for which th
transmittance is 100% to 0% at a viewing angle of 0°. T
horizontal direction is defined as perpendicular to the ro
tion axis, and vertical is parallel to the electrode directio
The viewing angle was varied between240° and 40°. The
curves are symmetrical in both the vertical and horizon
directions. From these experimental results, dependenc
transmittance on viewing angle was confirmed, whereas
contrast ratio remains almost constant for the entire view
angle, as shown in Fig. 11.
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III. CONCLUSION

We investigated scattering mode displays having an
plane electrode structure. The main principle of this scat
ing IPS mode is scattering according to random liquid crys
alignment in the off state, and transparency according
alignment under applied voltage in the on state. This disp
mode will be useful for developing brighter displays, witho
the need for polarizers.
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