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IPS property using ion beam imadiation on SiOF surfaces

Jeong-Min, Han*, Dae-Shik, Seo”

o

=
=
Jpe
2,
Y
jus)
==
o
1
)

7 Auko SR, 71Ee) UV Bulahe v Estel, olg 74 ngiEA o
= H

o
ol
L
o

jus)
==

-l >
i
=
re,
-
il
K~ oE
%0,
Ru/pa)
e
e
BN
é -
o
f
o,
i)
ot
=
it
Jl—Nt J
Az
2
o
=
o
ok
it
ol
=
o
w
o
=
S|
N
=
9,
o
ro
o

ol
—-

oL

o ol

R
o
o\
0 N
o,
o 1% tjo
o A 2>
[0 ox oo
b do ot
o
N
ol

Key Words : SiOF Thin Film, LC (Liquid Crystal) Alignment, Nematic LC, Ion Beam

ABSTRACT . .

Nematic liquid crystal (NLC) alignment effects on SiOF layers via ion-beam (IB) irradiation for four types of incident energy
were successfully studied. The effect of fluorine addition on silicon oxide film properties as a function of SiOF4/O, gas flow
ration was investigated. The SiOF thin film exhibits good chemical and the thermal stability of the SiOF thin film were
sustained as function of the NLC alignment until 200C Also, the response-time characteristics of aligned LCD based on

SiOF film were studied.

I. Introduction

Liquid crystal displays (LCDs) are widely used as
information display devices such as the monitors in
notebook and desktop computers and in televisions. The
liquid crystal (LC) alignment layers play an important role
in the effectiveness of LCDs regarding their display
uniformity and contrast ratio [1-3]. To date, numerous
alignment technologies have been developed to generate
anisotropic surfaces and to align LC molecules in a specific
direction. Currently, the rubbing method [4-8], which rubs
the PI surface to align liquid crystals, is being used to
mass produce wide LCD panels. However, the rubbing
method has some drawbacks, such as the generation of
electrostatic charges and the creation of contaminating

particles. To eliminate these defects, the rubbing method
requires a cleaning process that slows the manufacturing
process and reduces cost effectiveness. Thus, we strongly
recommend a non-contact alignment technique for future
generations of large high-resolution LCDs [9]. The ion
beam (IB) induced alignment method, which provides
controllability, nonstop processing, and high resolution
display, has been intensively investigated with inorganic
materials so far. Insulating films such as SiC, SiNy, ZrOs,
DLC, and Al:Oshave also been investigated as potential
candidates for inorganic alignment materials [10-12]. We
examined the possibilities of the IB induced alignment of
the LC on SiOF for the first time [13-15]. SiOF, which has
generated great interest has excellent low dielectric
properties and stable optical characteristics. A homogeneously
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aligned LCD with SiOF was fabricated and characterized
to evaluate the application potential for the inorganic
material as the LC alignment layer. In this paper, we
report on LC alignment effects and pretilt angle generation
on SIOF thin film treated by ion-beam irradiation.

II. Experimental

SiIOF  thin

indium-tin-oxide

film layers were deposited on
(ITO)-coated Corning 1737 glass
substrates by a plasma chemical vapor deposition (CVD)
system (SiOF; : Os= 5 scem © 5 scem). Before deposition,
the I'TO-coated glass was cleaned with a supersonic wave
in a trichloroethyl-acetone-methanol-deionized water
solution for 10 min and was then dried with Nogas. The
15 A SiOF thin films, which were measured using a
surface profiler alpha step and a field emission—-scanning
electron microscope (FE-SEM), were exposed to the IB
for irradiation times ranging from 60 to 62 sec, 45 degrees
at an exposure angle, and intensity energies ranging from
500 to 2000 eV using a DuoPlGatron-type IB system, as
illustrated in Figure 1. The IB chamber was initially
evacuated to a base pressure of about 10° Torr, and the
working pressure was maintained at about 10 *Torr with
an Ar gas flow of 14 SCCM. (SCCM denotes cubic
centimeters per minute at STP.) The dosages of Ar™ IB
plasma were 10"-10"ions/cm’ energy. The ITO-coated
glass substrates with SiOF layers on the ITO surfaces
were assembled in an antiparallel configuration with a cell
gap of 60 umn order to measure the tilt angles using the
(TBA 107 tilt-bias
evaluation device; Autronic). The LCDs were assembled

crystal rotation method angle
with a cell gap of bumn order to examine the EO
characteristics. Commercial Negative LCs (Tc=75C A4e=82
MJ001929, Merck Corp.) were used for LCD fabrication.

» s:mé
Stage |

Fig 1. The ion beam irradiation system used
(DuoPIGatron—type IB).
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. Results and Discussion

The LC alignment property and pretilt angle for the
SiOF thin films described above were observed to verify
the practical application potential. Uniform alignment with
a regular pretilt angle of the LC is very important to avoid
the creation of disclination in LCDs. As shown in Figure
2, microphotographs of the LC cells aligned on the SiOF
thin film layer by the density of IB irradiation (in crossed
Nicols) : (a) 500 eV, (b) 1000 eV, (c) 1500 eV, (d) 2000 eV,
showed LC molecules in the states as uniformly aligned at
irradiation energies at or above 500 eV. As can be seen,
uniform switching behavior was achieved without
deviated alignment and local defects.

Figure 3 shows the measured pretilt angle as a function
of exposure energy. The contour covers a narrow range of
angles from 2.3° to 1.8°, including error values. The pretilt

angle

{a) 500 (ev) (b) 1000 (ev)

() 1500 (e¥) (d) 2000 (eV)

Fig 2. Microphotographs of LC cells aligned on the SiOF
thin film layer by the density of IB irradiation (in
crossed Nicols) : (a) 500 eV, (b) 1000 eV,

(c) 1500 eV, (d) 2000 eV.

gradually decreases with the increasing incident energy
of the IB irradiation. As a result, homogeneous alignment
of NLC and control of the pretilt angle were achieved by
the incident energy of the IB irradiation. The generation of
the pretilt angle is dependent on the between-the-surface
energy of the SIOF and LC molecules. From these results,
it was found that ion-beam-aligned SiOF thin film could
be applied to an in—plane switching (IPS) mode having a
low pretilt angle, which rotates LC molecules horizontally,
and to a fringe-field switching (FFS) mode.

We assumed that the IB irradiation energy induced the

change in contact angle, as depicted in Figure 4. There is
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an important relationship between the surface energy on
the treated SIOF surface and the alignment of LC
molecules. As the IB irradiation energy increased, so did
the contact angle increase. The contact angles of NLC on
the SiOF thin film surfaces with IB conditions of 60 sec,
45°, and 500, 100, 15000, and 2000 eV were optimized at 63,
64, 68, and 68°, respectively. A physical investigation
using AFM was performed, as the contact angle is also
related to the surface morphology. The rms roughness
values of the IB irradiated SiIOF under the same conditions
show that rms roughness changed from 3.5£0.5 to 3.0£0.5

nm.
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Fig 3. Pretilt angle of nematic LC when the ion beam
was irradiated on the SiOF thin film layer,
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Fig 4. Comparison of contact angle results in terms of
LC alignment under IB irradiation: (a) 500,
(b) 1000, (c) 1500, and (d) 2000 eV.

Figure 5 shows the thermal stability experiment
microphotographs of an LC cell with an SiOFthin film. To
a thermal stability

experiment was carried out. After each LC cell was

determine LC anchoring energy,

annealed by specific heat and slowly cooled, the LC

alignment effect was observed in a microphotograph. The
LC alignment remained constant during the application of
heat within the 20-200Ctemperature range. When heat
reached 230C LC alignment was destroyed. On the basis
of this result, we determined the uppermost thermal
stability limit of SiOF film to be 200°C Without taking
times into account, the results of the thermal stability
experiment were the same.

Figure 6 shows a plot of the response time (RT)
characteristics in the TN cells homogeneously aligned on
the IB irradiated SiOF layers under the same conditions.
The rising time was 9.2ms and the decay time was 18ms.

(a)20(°C) (b)180(°C)

(c)200("C) {d)230(°C)

Fig 5. Thermal stability photomicrographs of twisted
nematic LCD cells on SiOF surfaces irradiated
with the IB energy of 2000 eV and the incident
angle of 45° of (a) 20, (b) 180, (c) 200, and
(d) 230 °C (A: analyzer, P: polarizer).
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Fig 6. Response time as a function of voltage for TN
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IV. Conclusion

In conclusion, we have demonstrated a method for IPS
mode by the IB irradiation on SiOF thin film surfaces as
a non—contact alignment process. We achieved a good
alignment characteristic using the ion beam alignment
method on the SiOF thin film when the SiOF, and O, gas
is 5 sccm and 5 scem at the CVD system. The contour
covers a narrow range of angles from 2.3° to 1.8°

including error values. The pretilt angle gradually

decreases with the increasing incident energy of the 1B
irradiation. Therefore, ion beam alignment method using
the SIOF thin film was achieved the IPS alignment of
NLC, the control of stable pretilt angle and good thermal
stability of manufactured LC cell.
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