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Electro-Optical Characteristics of Photoaligned TN Cell
Using UV Alignment on the a-C:H Thin Film

Jeoung-Yeon Hwang
Hyung-Ku Kang
Chang-Joon Park
Dae-Shik Seo
Department of Electrical & Electronic Engineering,
College of Engineering, Yonsei University, Shinchon-dong,
Seodaemoon-ku, Seoul, Korea

Sung-Hoon Lim
Kyu-Chang Park
Jin Jang
Advanced Display Research Center, Kyung Hee University,
Dangdaemoon-ku, Seoul, Korea

We studied the nematic liquid crystal (NLC) alignment capability by the UV
alignment method on a a-C:H thin-film surface, and investigated electro-optical
performances of the UV aligned twisted nematic (TN)- liquid crystal display
(LCD) with the UV exposure on a-C:H thin film surface. A good LC alignment
by UV irradiation on a a-C:H thin-film surface at a layer thickness of 200Å was
achieved. Also, a good LC alignment by the UV alignment method on the a-C:H
thin film surface was observed at an annealing temperature of 180�C. However,
the alignment defect of the NLC was observed at an annealing temperature above
200�C. Monodomain alignment of the UV aligned TN-LCD can be observed. The
best electro-optical (EO) characteristics of the UV aligned TN-LCD in the photoa-
ligned TN-LCDs was observed with oblique ion beam exposure on the a-C:H thin
film surface for 1min.
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INTRODUCTION

Liquid crystal displays (LCDs) have become one of the fastest growing
information display devices in recent years. They are widely used in
notebook computers, PC monitors, TVs and other devices. The uniform
alignment of LC is one of the essential processes for LCD fabrication.
The most conventional process for LC alignment employs a mechani-
cally rubbed polyimide (PI) surface. LCs are aligned due to the induced
anisotropy on the substrate surface. The rubbing alignment method
has suitable characteristics such as uniform alignment and a high
pretilt angle. However, rubbed PI surfaces involve some problems
such as the generation of dust and static electricity [1–7], and a com-
plicated process for multidomain LC alignment [8]. Thus, rubbing-free
techniques for LC alignment are strongly required in LCD technology.

The LC alignment effected by the photodimerization [9–12] and
photodissociation [13–17] has been reported. Most recently, the LC
aligning capability achieved by ion beam (IB) exposure on the
diamond-like-carbon (DLC) thin film layer has been successfully
studied by P. Chaudhari et al. [18]. Also, our research group already
studied IB alignment method using DLC thin film [19–21]. Thus, ion
beam alignment using inorganic materials for LCDs is a promising
technology among a variety of rubbing-free methods. However, the
ion beam alignment method requires a vacuum chamber and has sev-
eral problems; for example, LC orientation and pretilt angle is hard to
reproducibility because of the high energy of ion beams. Also, UV
alignment technique with polarizer for LC alignment has revealed
good LC orientation by a simple process [16].

In this article, we report on LC alignment and pretilt angle
generation with UV exposure on the DLC (a-C:H) thin-film surface,
and EO characteristics of the ion beam aligned TN-LCD with oblique
ion beam exposure on the DLC surface.

EXPERIMENTAL

The a-C:H thin films were grown on indium-tin-oxide (ITO)-coated
glass substrates by an inductively coupled plasma chemical vapor
deposition (ICP-CVD) System. The ICP-CVD system is shown in
Figure 1. The a-C:H thin films were deposited using C2H2: He gas
for 1–3 min. C2H2 and He gases were floated 3 sccm and 30 sccm in
the chamber at room temperature, respectively. The thickness of the
a-C:H layer was controlled to be 100–300 Å. Table 1 shows the depo-
sition conditions of inorganic materials as a-C:H thin films. The UV
exposure (Oriel Co.) system is shown in Figure 2. The UV source
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was a 1kW mercury lamp. The UV energy density used was
80mW=cm2. The LC cell was assembled in an antiparallel structure
to measure the pretilt angle. In order to compare a new LC alignment
using an inorganic thin film by UV light, an LC alignment using an
organic film by the UV alignment method was investigated. Polyimide
(PI) was uniformly coated on indium-tin-oxide (ITO) electrodes by a
spin-coating method, and imidized at 250�C for 1h. The molecular
structure of the polymer used is shown in Figure 3. The thickness of
the PI film was set at 500 Å. The substrate surfaces were irradiated
by nonpolarized UV exposure. The same UV exposure system was
used. The thickness of these LC layers was 60 mm, and the cell thick-
ness of the Photoaligned TN-LCD was about 5mm. Table 2 shows the

FIGURE 1 ICP-CVD system for a-C:H thin film.

TABLE 1 Deposition Conditions as a-C:H Thin Films

Alignment
layer

Deposition
time

(�1.7Å=sec)

Deposition
pressure
(mTorr)

C2H2: He
ratio

Layer
thickness (Å)

DLC UV (1) 1min 200 3:30 100
DLC UV (2) 2min 200 3:30 200
DLC UV (3) 3min 200 3:30 300

Electro-Optical Characteristics of Photoaligned TN Cell 153=[481]

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

 0
9:

24
 2

2 
A

ug
us

t 2
01

2 



experimental condition of Photoaligned TN-LCD as a-C:H thin films.
The LC cells were filled with a fluorinated mixture type of NLC with-
out a chiral dopant (Tc ¼ 72�C, De ¼ 9.4, from Merck Co.). Also, the
rubbing-aligned cell was fabricated. The LC alignment ability was
observed using a photomicroscope. Lastly, the pretilt angle of an anti-
parallel cell was measured by a crystal rotation method, and V-T and
response time characteristics of the ion beam aligned TN-LCD were
measured by a LCD-700 (LCD Evaluation System, from Otsuka
Electronics Co.) equipment.

RESULTS AND DISCUSSION

Figure 4 shows micrographs of LC cells with nonpolarized UV
exposure on a-C:H thin film for 30 min and on the polyimide layer film

FIGURE 2 UV exposure system used.

TABLE 2 The Experimental Condition of Photoaligned TN-LCD as a-C:H
Thin Films

Cell number
UV exposure time

(min)
UV incident angle

(deg)
Cell gap measured

(mm)

TN-1 (1 min) 1 45� 5.1
TN-2 (5 min) 5 45� 5.2
TN-3 (10 min) 10 45� 4.9
TN-4 (20 min) 20 45� 5.0

154=[482] J.-Y. Hwang et al.

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

 0
9:

24
 2

2 
A

ug
us

t 2
01

2 



for 30 min. In Figure 4(a), a uniform LC alignment was observed via
nonpolarized UV exposure on the a-C:H thin film (200 Å). However,
the LC alignment defect was observed via nonpolarized UV exposure
on the polyimide layer as shown in Figure 4(b). It is considered that
weak aligning capability is due to strong UV energy. This strong UV
energy can help to form good alignment on the inorganic thin film.
However, in the organic film, this strong UV energy can affect to
decrease LC alignment. As a result, the LC alignment capability on
the inorganic thin film was higher than that on the organic thin film
using UV light. It is considered, therefore, that a stable LC alignment
can be obtained on the a-C:H thin film.

Figure 5 shows micrographs of an LC cell with linearly polarized and
nonpolarized UV exposure on a-C:H thin film (200 Å) for 30 min. All UV
irradiation used the same UV dose. An excellent LC alignment was
observed by nonpolarized UV exposure with an incidence angle of 45�

on the a-C:H thin film for 30 min, as shown in Figure 5(a). However,
many dislocations were observed by linearly polarized UV exposure on
the a-C:H thin film for 30 min, as shown in Figure 5(b). The LC align-
ment achieved by nonpolarized UV exposure was better than that
achieved by linearly polarized UV exposure. Therefore, it is considered

FIGURE 3 Chemical structure of the polymers.

FIGURE 4 Micrographs of LC cell with nonpolarized UV exposure on
polymer film and a-C:H thin films (in crossed Nicols).
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that an inorganic material for LCD was used by non-polarized UV light
as superior LC alignment, but an organic material for LCD was used by
linearly polarized UV light as superior LC alignment [11]. These results
show that inorganic film needs strong UV energy.

Figure 6 shows micrographs of an LC cell with non-polarized UV
exposure on three kinds of a-C:H thin film for 30 min. In Figure 6 (a),
the LC cell via UV exposure on the a-C:H thin film (100 Å) showed
dark state except from clearly imperfections in the center. Also, excel-
lent LC alignment was observed via non-polarized UV exposure on the
a-C:H thin film (200 Å) as shown in Figure 6(b). However, the many
LC alignment defects were observed with non-polarized UV exposure
on the a-C:H thin film (300 Å) as shown in Figure 6(c). It is contended
that stable LC alignment can be obtained on the a-C:H thin film with
200 Å of layer thickness. Therefore, it is considered that LC aligning
capability depends on a-C:H thin film thickness.

The alignment direction of LC was parallel to the incident direction
of the nonpolarized UV light. A unidirectional LC alignment on the
a-C:H thin film was generated by UV exposure which selectively

FIGURE 5 Micrographs of LC cell with nonpolarized UV or linearly polarized
UV exposure on a-C:H thin films (in crossed Nicols).

FIGURE 6 Micrographs of an LC cell with non-polarized UV exposure on
three kinds of a-C:H thin film for 30 min.
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destroyed unfavorably oriented rings of atoms, and the planes of the
remaining rings induced LC molecules to align in the direction of
UV exposure [14].

The LC pretilt angle observed with nonpolarized UV exposure on the
a-C:H thin film (200 Å) for 30 min as a function of incident angle are
shown in Figure 7. It is shown that the LC pretilt angle generated
was below 1� in the all-incident angle on the a-C:H thin film. Also, the
pretilt angle increased with increasing incident angle. It is considered
that the generation of the LC pretilt angle in nonpolarized UV exposure
is attributable to the high incident angle by UV exposure [12].

Figure 8 shows micrographs of the aligned LC with non-polarized
UV exposure on the a-C:H thin film for 30 min at various annealing
temperatures (in crossed Nicols). A superior LC alignment on the inor-
ganic thin film was observed up to an annealing temperature of 180�C,
and the alignment defects of the LCs were observed at an annealing
temperature above 200�C. From these results, LC azimuthal defor-
mation which implies the relationship of spatial orientation between
LC and the alignment director, in spite of high temperature, was uni-
form and thermal stability of LC alignment with UV exposure on the
a-C:H thin film layer up to 180�C was obtained. Therefore, a superior
LC alignment capability and thermal stability can be achieved via
non-polarized UV exposure on the a-C:H thin film.

Figure 9 shows the V-T curves of the photoaligned TN-LCDs with
oblique non-polarizer exposure on the a-C:H thin film. All of the V-T
cures exhibited backflow bounce effect, as shown in Figure 8.
Especially, we used the NLC without a chiral dopant to observe

FIGURE 7 LC pretilt angle with nonpolarized UV exposure on the a-C:H thin
film for 30 min as a function of incident angle.
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surface energy between surface and LC, and can observe anchoring
energy indirectly. Therefore, it was considered that these backflow
bounce effect of the photoaligned TN-LCDs was caused to weak
anchoring energy. As a result, we support that weak anchoring energy

FIGURE 9 V-T curves of the photoaligned TN-LCDs with oblique non-
polarizer exposure on the a-C:H thin film.

FIGURE 8 Micrographs of aligned LC with non-polarized UV exposure on the
a-C:H thin film surface for 1 min at various annealing temperatures (in
crossed Nicols).

158=[486] J.-Y. Hwang et al.
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generated by non-polarized UV exposure on the a-C:H thin film gave
birth to sharp bounce curves. Also, excellent V-T curve of photoaligned
TN-LCD with oblique non-polarizer exposure on the a-C:H thin film
for 1 min was measured. However, the photoaligned TN-LCD with
oblique non-polarizer exposure on the a-C:H thin film for 5 min
showed the worst V-T characteristic among photoaligned TN-LCDs,
and afterwards the V-T characteristics of the photoaligned TN-LCDs
increased with increasing UV exposure time. It indicates that LC
aligning capability was decreased when UV light irradiates for
5 min, and increased with increasing UV exposure time. Therefore,
it considers that initial alignment may be changed by strong
UV exposure because strong UV energy gives rise to rearrange LC
alignment. Consequently, this system suggests that the best non-
polarizer exposure time needed to achieve good V-T characteristics
of the photoaligned TN-LCD is about 1 min.

Figure 10 shows the response time characteristics of the photoa-
ligned TN-LCDs with oblique non-polarizer exposure on the a-C:H
thin film. High backflow bounce effect on all photoaligned TN-LCDs
was observed. The best performance for photoaligned TN-LCD
(1 min) of the four kinds of photoaligned TN-LCDs was shown. How-
ever, the photoaligned TNLCD (5 min) was the worst response time
characteristic, and measured a lowest transmittance level in photo-
aligned TN-LCDs. It reveals that the response time characteristics
of the photoaligned TN-LCD on a-C:H thin film improved by increas-
ing UV exposure time over 5 min.

FIGURE 10 Response time characteristics of the photoaligned TN-LCDs with
oblique non-polarizer exposure on the a-C:H thin film.
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CONCLUSION

In conclusion, the LC alignment capability and the generation of
pretilt angle with nonpolarized UV exposure on the a-C:H thin-film
surface were investigated. A good LC alignment by UV exposure on
the a-C:H thin-film surface at a layer thickness of 200 Å was observed.
A superior LC alignment ability via non-polarized UV exposure on the
a-C:H thin film surface was observed up to an annealing temperature
of 180�C. Therefore, a good LC alignment capability and superior LC
alignment thermal stability can be achieved via the non-polarized
UV alignment method on the a-C:H thin film surface. Finally, The best
electro-optical (EO) characteristics of the UV aligned TN-LCD in the
photoaligned TN-LCDs was observed with oblique ion beam exposure
on the a-C:H thin film surface for 1min.
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