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lon-beam bombardment was developed as a
substitute for mechanical rubbing of polyimide
film as a noncontact liquid crystal (LC)
alignment technique. The ion-beam technique
was applied to a high-resolution thin-film-
transistor-addressed liquid crystal display
(TFT/LCD) panel. The results showed that

LC alignment was achieved and that the
display is capable of showing high-quality
images.

Introduction
Through two decades of research and development effort,
the thin-film-transistor-addressed liquid crystal display
(TFT/LCD) [1] panel has become a key component for
the portable notebook computer because it offers light
weight, low power consumption, and reasonably good
image quality. Because of its success in the notebook
computer application, the TFT/LCD panel is now
beginning to penetrate the desktop monitor market.

The manufacturing process for a TFT is similar to the
semiconductor integrated circuit (IC) process, but with a
much larger substrate size. The LCD process is different

from the semiconductor IC process, especially with respect
to a polyimide (PI) rubbing process for LC alignment
and the spacer-ball spraying process. The rubbing
process involves rubbing the polyimide film with a cloth
attached to a rotational roller. This process may cause
damage to the TFT devices and the bus lines through
mechanical and electrical static discharge (ESD). It also
creates cloth-fiber particles and polyimide flakes which
must be removed by post-rubbing cleaning, increasing the
number of process steps. The spacer-ball spraying process
involves charging the spacer balls with a high voltage
(typically 100 kV), then forcing them through a nozzle
with compressed air. The spacer balls are repelled from
one another by static electric forces and land on the
substrate surface randomly. Since the positions and
distributions of the spacer balls are not controllable, cell-
gap uniformity is less controllable. If these two LCD cell
fabrication steps can be replaced with more controllable
processes, the panel production yield and the display
performances can be further improved. Recently, some
studies have been carried out on the replacement of the
spacer-ball sprayer process with post spacers [2]. The
post spacers are made by a photolithographic patterning
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process, and their locations and distributions can be well
controlled.

Replacement of the rubbing process with a more
controllable and cleaner process is strongly desired. A
number of methods have been proposed in attempting to
replace the rubbing process: a Langmuir-Blodgett film
[3], a grating structure produced by microlithography [4],
oblique-angle deposition of SiO_ [5], and polarized UV
radiation of polymer films [6]. However, none of these
methods have been adopted for volume production, either
because the process is not applicable to the TFT/LCD
panel or because the LC alignment result does not
reproducibly satisfy LC alignment requirements.

In this paper, we study ion-beam treatment of the
polyimide surface for LC alignment.' It is a noncontact
alignment process. First, the test panels were fabricated
with various ion-beam processing parameters to study the
alignment quality and the pretilt angle as a function of
these processing parameters. On the basis of this study, a
suitable process condition of the ion-beam treatment on
the polyimide film was applied to a high-resolution color
SXGA (1024 X 1280 X 3) TFT/LCD panel to replace the
conventional rubbing process. The panel had a color
subpixel pitch of 54 um X 162 pum. The results of this
experiment show that the LC molecules are well aligned
by the ion-beam-treated PI and that the display is capable
of showing high-quality images.

Requirements for good liquid crystal alignment
Although alignment by rubbing has some disadvantages,
such as possible ESD, mechanical damage, and the process
being dusty, it is widely used in the LCD industry because
it offers many advantages. Therefore, any new alignment
technology to replace the rubbing method must have the
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advantages of the rubbing method while eliminating the
disadvantages. More specifically, the requirements for a
new alignment technology are as follows:

1. Tt is capable of producing an LC pretilt angle of 3-5°
to reduce the area of the reverse-tilt domain.

It has good alignment uniformity.

The alignment is stable and reliable.

It causes no ESD or mechanical damage.

B

Experiment on test panels

® Test-panel preparation

To develop an ion-beam treatment process on the
polyimide (PI) film for liquid crystal alignment,
indium-tin-oxide (ITO)-coated glass substrates with a
substrate dimension of 100 mm X 75 mm X 1.1 mm were
used to fabricate the test panels. The substrates were
edge-beveled and cleaned with a detergent” solution in
distilled water by a substrate-cleaning machine. The
substrates were then spin-coated with a Nissan polyimide
at 3000 rpm for one minute. The PI films were baked at
80°C for 10 minutes, cured at 180°C for 60 minutes, and
then bombarded by ion beams. (The schematic diagram of
an ion-beam machine is shown in Figure 1.) An electrical
field was used to accelerate the ion particles, which then
passed through a neutralization zone before bombarding
the PI-coated substrate surface. The ion-beam species
used for this study was argon. The substrate orientation is
adjustable, as are the ion-beam species, the beam current,
energy, and bombarding time on the substrate.

Two types of test panels have been fabricated: the
anfiparallel test panel, for pretilt angle measurement, and
the twisted nematic (TN) test panel, for electro-optical
measurement. For antiparallel test panels, the directions
of the ion-beam bombardment on the top and bottom
substrates are antiparallel to each other; for TN test
panels, they are at 90° to each other. For each test panel,
after both PI-coated substrates were bombarded by the ion
beam, 5-um spacer balls were applied to the PI surface of
one substrate using a dry-spacer-applying machine. An
edge seal pattern of ultraviolet (UV)-light-curable epoxy
was applied to the PI surface of the other substrate. Then
the two substrates were assembled and exposed to the UV
light to cure the edge seal epoxy. The assembled panels
were then filled with Merck LC ZLI-5080 without a chiral
agent for the antiparallel test panels and with Merck LC
ZLI-5080 blended with 0.3% ZLI-811 (a left-hand chiral
agent) for TN test panels. Finally, the same UV-curable
epoxy was used to seal the LC filling port, making the test
panel complete and ready for measurements.

20.3% Micro (Cole-Palmer Instrument Co.).
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® Measurement of pretilt angle

The pretilt angle of an antiparallel cell was measured by
the crystal-rotation method [7]. The optical apparatus was
arranged in the following sequence: light source, filter,
focusing lens, entrance polarizer, test panel (mounted

on a rotational stage driven by a motion controller), exit
polarizer, and spot photometer. The filter transmitted a
monochromatic light with a 560-nm central wavelength
and 10-nm bandwidth. The test panel was oriented so that
the ion-beam bombardment direction was perpendicular
to the rotational axis of the stage. The entrance and

exit polarizers were stationary, with their surfaces
perpendicular to the direction of light propagation,

and their transmission axes made an angle of 45° with
respect to the rotational axis of the rotational stage. The
transmission axis of the exit polarizer was perpendicular to
that of the entrance polarizer. The transmission read by
the spot photometer was recorded as a function of the
rotation angle of the test panel. A symmetric offset angle
[7], which is related to the pretilt angle, was determined
from a plot of transmission versus sample rotational angle.

® Measurement of transmission versus applied voltage

To measure transmission versus applied voltage, a TN test
panel was used. The apparatus for this measurement

was similar to that for pretilt angle measurement,

except that the test panel was stationary, with its surface
perpendicular to the direction of the propagation of light.
A square wave was applied to ITO electrodes of the test
panel, and the optical transmission was recorded by the
spot photometer for each applied voltage.

® Measurement of charge retention

The charge-retention measurement determines the
percentage of voltage (or charge) the pixel can hold for a
period of a frame time (for instance, 16.7 ms) after the
pixel is charged to a given voltage. This is one of the
methods used to monitor the interaction of the alignment
PI layer and the liquid crystal. Since the PI film is exposed
to the ion beam, we must determine whether the ion
bombardment on PI film causes degradation of the liquid
crystal resistivity.

® Results and discussion

The first set of antiparallel test panels were fabricated
with the ion-beam energy varied while the substrate
orientation, bombardment time of the beam on the
substrate, and beam current were fixed. The pretilt angle
for each panel was measured. A plot of the pretilt angle
as a function of ion-beam energy is shown in Figure 2, in
which the incident angle of the beam with respect to the
substrate surface is 30°, the beam current is 100 mA
[which is equivalent to the argon flux of 1 X 10"
particles/(cm’-s) on the substrate surface when the
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Pretilt angle as a function of ion-beam bombardment time. The
data are taken as the ion-beam incident angle is 30° with respect to
the substrate surface, the beam energy is 300 eV, and the beam
bombardment current is 100 mA.

substrate surface is normal to the beam direction], and
substrate is exposed to the ion beam for one minute. The
curve shows that the test panels fabricated with a beam
energy of 400 eV or greater have a low pretilt angle.

The second set of antiparallel test panels were

fabricated with the ion-beam time varied and with the
beam energy, beam current, and substrate orientation
fixed. The pretilt angle as a function of bombardment
time is plotted in Figure 3, in which the incident angle of
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i Transmission vs. applied voltage curves for an ion-beam-aligned

the ion beam with respect to the substrate surface is 30°,
the beam energy is 300 eV, and the beam bombardment
current is 100 mA. The curve shows that it would take less
than two minutes to obtain a reasonably high pretilt angle.
In fact, if the substrates are exposed to the ion beam

too long, the pretilt angle becomes too small.

The third set of antiparallel test panels were fabricated
with the incident angle of the ion beam with respect to
the substrate surface varied and with the beam energy,
current, and exposure time fixed. The pretilt angle as a
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Photograph taken from an image displayed by an ion-beam-aligned
TFT/LCD panel.

function of ion-beam incident angle was plotted in Figure 4,
in which the ion-beam energy is 300 eV, beam current

is 100 mA, and bombardment time is one minute. The cell
process condition of the third set of test panels is slightly
different from that of the first and second sets of test
panels. After ion-beam treatment, the first and second sets
of test panels were cleaned in deionized water and then
baked in an oven at 120°C for 30 minutes. (The cleaning
and baking processes generally reduce the panel pretilt
angle.) For the third set of test panels, the deionized
water cleaning and oven baking steps were omitted. This,
in fact, is the desired cell process for the ion-beam-aligned
panel, since ion-beam treatment would not create cloth
and polyimide debris as would mechanical rubbing. To
keep the panel surface free of contamination, the ion-
beam process and all other cell process steps should be
performed in a clean room, and the substrates should not
be removed from the clean room before the entire cell
process is finished. The curve of Figure 4 clearly shows
that the pretilt angle peaks at the ion-beam incident angle
around 45°. We have repeated this experiment for other
ion-beam energies, and the pretilt angle also peaks at an
ion-beam incident angle around 45°. As mentioned above,
a pretilt angle between 3° and 5° is required to reduce the
reverse-tilt domain of an LCD panel. Therefore, the
optimum ion-beam incident angle is 45° with respect to
the substrate surface.

We also visually observed the alignment quality of each
panel and found that ion-beam treatment with a suitable
machine and a proper set of process parameters can
lead to good LC alignment and uniform pretilt for the
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entire panel. It is interesting to note that the LC pretilt
direction produced by ion-beam alignment is the opposite
of that produced by rubbing alignment. In other words,
the LC pretilt direction produced by rubbing follows the
rubbing direction, but the LC pretilts toward the ion-
beam source in ion-beam alignment.

From the results of the above measurements and visual
observations, we chose a set of good process parameters
for further study: ion-beam energy = 300 eV; beam
current = 100 mA; beam time = one minute; and beam
incident angle = 45° with respect to the substrate surface.
We fabricated two types of TN test panels, one aligned
by ion-beam-treated PI with the above chosen process
parameters, and the other aligned by conventional rubbed
PI. Figure 5 shows curves for transmission versus applied
voltage for the ion-beam-aligned TN test panel (open
circles) and for the conventional rubbing-aligned TN test
panel (squares + solid line). These curves are very similar;
the discrepancy is due primarily to the difference in pretilt
angle. Visually, the alignment quality of these types of
TN test panels is about the same. We also measured the
charge retentions of these two test panels. The ion-beam-
aligned TN test panel has a charge retention of 95-98%,
and the rubbing-aligned TN test panel has a charge
retention of 95-99%; basically, they are not different.

Application of ion-beam alignment to high-
resolution TFT/LCD panels

By using the test panels and selecting suitable ion-beam
process parameters, a procedure for aligning liquid
crystals on polyimide film was developed. To test whether
this ion-beam alignment method works for a real TFT
panel and whether the ion beam causes any damage or
degradation of TFT devices, the process was applied to a
high-resolution color SXGA (1024 X 1280 X 3) TFT/LCD
panel, replacing the conventional rubbing process. The
panel had a color subpixel pitch of 52 pm X 162 pm.
The Pl-coated TFT substrate and PI-coated color-filter
substrate were exposed to an ion beam using process
parameters similar to those for the TN test panel. The
TFT substrate was tested using an array tester [8] before
and after ion-beam bombardment; the test results show
that the TFT devices were neither damaged nor degraded
by the bombardment. The ion-beam-treated TFT substrate
and color-filter substrate were assembled to become a
color TFT/LCD panel which showed that LC molecules
are well aligned by the ion-beam treatment. Figure 6 is a
photograph of an image displayed by this panel, clearly
demonstrating that the ion-beam-aligned TFT/LCD is
capable of displaying a high-quality image.

Conclusion

We have developed an ion-beam treatment of the
polyimide surface for LC alignment. With a set of proper

IBM J. RES. DEVELOP. VOL. 42 NO. 3/4 MAY/JULY 1998

process parameters, we can achieve stable, reliable, good-
quality alignment with a pretilt angle of 3-5°. This
alignment method was successfully applied to a high-
resolution color SXGA (1024 x 1280 X 3) TFT/LCD
panel. The TFT devices and bus lines were not damaged
by ion bombardment, and the panel is capable of showing
good-quality images.
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