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METHOD FOR PRODUCING LIQUID CRYSTAL
DISPLAY AND METHOD FOR CLEANING
SUBSTRATE

BACKGROUND OF THE INVENTION
[0001] 1. Field of The Invention

[0002] The present invention relates generally to a method
for producing a liquid crystal display and a method for
cleaning a substrate.

[0003] 2. Description of The Prior Art

[0004] Liquid crystal displays are thin and light and have
low electric power consumption so as to be widely used for
note-type and subnote-type personal computers. With the
improvement of performance of personal computers, it has
been required to increase the display capacity and display
area of such liquid crystal displays and to improve the
picture quality thereof. With the requirement of the improve-
ment of picture quality, the deterioration of picture quality
has been caused by slight scratch defects and chrominance
non-uniformity produced during the manufacturing process.
In order to prevent the occurrence of such scratch defects
and chrominance non-uniformity, fine contaminations (par-
ticles) as well as organic films adhered to substrates must be
removed in cleaning steps which are carried out as pretreat-
ment steps in respective processes.

[0005] Referring to FIGS. 8 and 9, a conventional clean-
ing step for use in a method for producing a liquid crystal
display will be described blow.

[0006] FIG. 8 shows a step of cleaning a substrate before
forming an alignment layer, and FIG. 9 shows a step of
cleaning a substrate after forming an alignment layer. When
the substrate is e.g., an array substrate, i.c., a transparent
substrate on which a plurality of scanning lines intersect a
plurality of signal lines and wherein thin film transistors
(each of which will be hereinafter referred to as a “TFT”)
serving as switching elements are arranged on the respective
intersecting portions, some of the TFTs being connected to
pixel electrodes, the term “substrate before forming the
alignment layer” means a substrate on which pixel elements
are formed. When the substrate is a counter substrate facing
the array substrate, e.g., a color filter substrate (which will
be also hereinafter referred to as a “CF substrate”), i.e., a
transparent substrate, on which grid-like shading films of a
black organic resin are arranged and a plurality of colors of
colored layers of red, blue and green are arranged in the form
of stripes so as to fill in the spaces between the grid and
wherein a common electrode of ITO (indium tin oxide) is
formed on the whole surface of the colored layers, the term
“substrate before forming the alignment layer” means a
substrate on which at least a common electrode is formed.

[0007] Referring to FIG. 8 again, a step of cleaning a
substrate before forming an alignment layer will be
described. First, such a substrate 2 is fed to a brush cleaning
unit 120 by means of transfer rollers 111. Then, a cleaning
solution is sprayed on the substrate 2 from nozzles 125. This
cleaning solution is prepared by mixing a surface active
agent with a pure water so as to have a predetermined
concentration. The cleaning solution is prepared in a mixing
tank 110 and pumped out by means of a pump 115 to be
supplied to the nozzles 125.
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[0008] The surface of the substrate 2, on which the clean-
ing solution has been sprayed, is rubbed by brushes 123, so
that relatively large contaminations (particles) are removed
from the substrate 2 to clean the substrate 2. Therefore, the
waste water discharged from the brush cleaning unit 120
contains a surface active agent of high concentration.

[0009] Then, the substrate 2, which has been cleaned by
the brushes 123, is fed to a pure water jet unit 130 by means
of transfer rollers 111. Then, a high pressure pure water is
sprayed on the substrate 2 from jet nozzles 135. Thus, the
surface active agent on the substrate 2 is replaced with a pure
water, and particles are removed by the high pressure pure
water. Furthermore, the high pressure pure water is pumped
out of a pure water storage tank (not shown) by means of a
high pressure pump 133 to be supplied to the jet nozzles 135,
and jetted from the jet nozzles 135 as a jet flow.

[0010] Then, the substrate 2 is fed to a shower unit 140 by
means of transfer rollers 111. Then, a pure water is sprayed
on the substrate 2 from shower nozzles 143 to wash the
surface active agent and the water treated in the jet unit 130
(the water containing a surface active agent of intermediate
concentration). Therefore, the waste water discharged from
the shower unit 140 contains a surface active agent of low
concentration.

[0011] Then, the substrate 2 is fed to an ultrasonic cleaning
unit 150 by means of transfer rollers 111. A pure water, to
which an ultrasonic vibrational energy is applied, is jetted
out of an ultrasonic nozzle 154 driven by an oscillator 153
to be sprayed on the substrate 2. Thus, the relatively fine
particles adhered to the substrate 2 are removed, and the
water used in the shower unit 140 is washed out. Thereafter,
the substrate 2 is fed to a shower unit 160 by means of
transfer rollers 111, and a pure water is sprayed on the
substrate 2 from shower nozzles 163, so that the water used
for the cleaning in the ultrasonic cleaning unit 150 is washed
out. Furthermore, the waste waters discharged from the
ultrasonic cleaning unit 150 and the shower unit 160 can be
treated as usual waste waters since the concentrations of the
surface active agents contained in the waste wafers are very
low.

[0012] Then, the substrate 2 is fed to a draining unit 170
by means of transfer rollers 111, and the water adhered to the
surface of the substrate 2 is removed by air knives 172.
Thereafter, the substrate 2 thus drained is transported to a hot
plate 180 to be dried thereon.

[0013] Then, an alignment layer material is applied on the
substrate 2 thus dried, and the rubbing thereon is carried out
to form an alignment layer thereon. Referring to FIG. 9, a
step of cleaning the substrate 2, on which the alignment
layer has been formed, will be described. First, the substrate
2 is mounted in a bath 224 of an ultrasonic cleaning unit 220
by means of a loader (not shown). To this bath 224, a
cleaning solution is supplied from a mixing tank 210 via a
pump 215. This cleaning solution is prepared in the mixing
tank 210 so as to contain a predetermined concentration of
surface active agent. To the lower portion of the bath 224, an
ultrasonic vibrational energy is applied by means of an
oscillator 223. Therefore, the ultrasonic vibrational energy is
applied to the substrate 2 in the cleaning solution to clean the
substrate 2.

[0014] Then, the substrate 2 is fed to a pure water jet unit
230 by means of transfer rollers 211. Then, a high-pressure
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pure water is sprayed on the substrate 2 from jet nozzles 235
to replace the surface active agent with a pure water and to
remove the particles on the substrate 2. The pure water is
pumped out of a pure water storage tank (not shown) to be
supplied to the jet nozzles 235. Furthermore, although the
waste water discharged from the ultrasonic cleaning unit 220
contains a surface active agent of high concentration, and the
waste water discharged from the pure water jet unit 230
contains a surface active agent of intermediate concentra-
tion.

[0015] Then, the substrate 2 is fed to a shower unit 240 by
means of transfer rollers 211, and a pure water is sprayed on
the substrate 2 from shower nozzles 243. Thus, the surface
active agent and the water used in the jet unit 230 are washed
out. The waste water discharged from the shower unit 240
contains a surface active agent of low concentration.

[0016] Then, the substrate 2 is fed to an ultrasonic clean-
ing unit 250 by means of transfer rollers 211. Then, a pure
water, to which an ultrasonic vibrational energy has been
applied, is jetted out of an ultrasonic nozzle 254 driven by
an oscillator 253 to be sprayed on the substrate 2. Thus, the
relatively fine particles adhered to the substrate 2 are
removed, and the water used in the shower unit 240 is
washed out.

[0017] Thereafter, the substrate 2 is fed to a shower unit
260 by means of transfer rollers 211. Then, a pure water is
sprayed on the substrate 2 from shower nozzles 263, and the
water used for the cleaning in the ultrasonic cleaning unit
250. Furthermore, the waste waters discharged from the
ultrasonic cleaning unit 250 and the shower unit 260 can be
treated as non-industrial waters since these waters contain a
surface active agent of very low concentration.

[0018] Then, the substrate 2 is transported to a spin dry
unit 270 to be fixed to a spin table 274. Since the spin table
274 is rotated by a motor 272, the substrate 2 is also rotated
with the spin table 274, so that the water adhered to the
surface of the substrate 2 is drained. Thereafter, the substrate
2 is transported to a hot plate 280 to be dried thereon.

[0019] Asdescribed above, in the conventional method for
producing a liquid crystal display, the surface active agents
are used as the cleaning solutions. These surface active
agents are harmful to the natural world, and the waste waters
discharged from the respective units contain different con-
centrations of surface active agents, so that it is required to
separately recover and discharge the waste waters from the
respective units. In addition, it is difficult to replace the
surface active agents with water, and when the surface active
agents remain on the substrate, the surface active agents
form chrominance non-uniformity thereon to deteriorate the
display quality, so that a great amount of pure water is
required to rinse the substrate and it takes a lot of time for
the rinsing. Therefore, there is a problem in that the manu-
facturing costs are increased.

[0020] Moreover, the cleaning solution containing the
surface active agent must be diluted with a pure water so as
to have a predetermined concentration in order to obtain a
good detergency, and the temperature thereof must be
adjusted so as to have a predetermined temperature, so that
the there are problems in that the size of the system is
increased and the manufacturing costs are increased.
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SUMMARY OF THE INVENTION

[0021] Tt is therefore an object of the present invention to
eliminate the aforementioned problems and to provide a
method for producing a liquid crystal display, which can
prevent the manufacturing costs from increasing without
decreasing the detergency.

[0022] In order to accomplish the aforementioned and
other objects, according to one aspect of the present inven-
tion, there is provided a method for producing a liquid
crystal display, the method comprising a step of brush
cleaning an electrode substrate with a hydrogen gas dis-
solved water, which has an oxidation-reduction potential of
-860 mV to —-400 mV and a pH of 8 to 12, before applying
an alignment layer material on the electrode substrate.

[0023] According to another aspect of the present inven-
tion, there is provided a method for cleaning a substrate, the
method comprising a step of ultrasonic cleaning a substrate
with a hydrogen gas dissolved water, which has a dissolved
hydrogen gas concentration of 0.5 ppm to 2 ppm.

[0024] According to the liquid crystal display producing
method and the substrate cleaning method, since the hydro-
gen gas dissolved water (the water in which hydrogen gas
dissolves) is used to clean the substrate, it is not required to
carry out a special waste water treatment unlike the con-
ventional method using the surface active agents, so that it
is possible to prevent the manufacturing costs from increas-
ing. In addition, the hydrogen gas dissolved water is difficult
to remain on the surface of the substrate, and the hydrogen
gas dissolved water is just water even if it remains thereon.
Therefore, the amount of the pure water for use in the rinsing
after cleaning and the rinsing time can be smaller than those
in the conventional method, so that it is possible to prevent
the manufacturing costs from increasing. In addition, it was
found from the results of experiment that if a hydrogen gas
dissolved water having a proper oxidation-reduction poten-
tial is used, the detergency can be the same as or better than
the conventional detergency.

[0025] Furthermore, the brush cleaning is effective in the
removal of relatively large particles, and the ultrasonic
cleaning is effective in the removal of relatively small
particles.

[0026] When the electrode substrate is brush cleaned with
a hydrogen gas dissolved water, the oxidation-reduction
potential of the hydrogen gas dissolved water may be in the
range of from —-860 mV to -400 mV, and the pH thereof may
be in the range of from 8 to 12. When the oxidation-
reduction potential of the hydrogen gas dissolved water is
minus and when the absolute value thereof is great, it is
possible to prevent the metal corrosion. In addition, when
the pH is equal to or greater than 8, it is possible to prevent
the particles (contaminations), which have been removed by
the brush, from being adhered to the substrate again. More-
over, when the pH is equal to or smaller than 12, it is
possible to prevent the metal electrode from melting.

[0027] 1t was also found from the results of experiment
that when the ultrasonic cleaning is carried out using a
hydrogen gas dissolved water, if the hydrogen gas dissolved
water has a dissolved hydrogen concentration of not less
than 0.5 ppm, the cleaning effect is great. The solubility of
hydrogen gas is about 2 ppm at atmospheric pressure, and
the concentration of dissolved hydrogen can be increased by
pressurization or the like.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The present invention will be understood more
fully from the detailed description given herebelow and
from the accompanying drawings of the preferred embodi-
ments of the invention. However, the drawings are not
intended to imply limitation of the invention to a specific
embodiment, but are for explanation and understanding
only.

[0029]

[0030] FIG. 1is a flow chart showing the producing steps
in the preferred embodiment of a method for producing a
liquid crystal display according to the present invention;

[0031] FIG. 2 is a schematic view for explaining a brush
cleaning step in the preferred embodiment of a method for
producing a liquid crystal display according to the present
invention;

In the drawings:

[0032] FIG. 3 is a schematic view for explaining an
ultrasonic cleaning step in the preferred embodiment of a
method for a liquid crystal display according to the present
invention;

[0033] FIG. 4 is a graph showing the results of the
measured residual rates of particles on the surface of a
substrate before forming an alignment layer thereon, when
the substrate is brush cleaned with hydrogen gas dissolved
waters of various ORP values;

[0034] FIG. 5 is a graph showing the results of the
measured residual rates of particles on the surface of a
substrate before forming an alignment layer thereon, when
the substrate is ultrasonic cleaned with hydrogen gas dis-
solved waters of various ORP values;

[0035] FIG. 6 is a graph showing the results of the
measured residual rates of particles on the surface of a
substrate after forming an alignment layer thereon, when the
substrate is ultrasonic cleaned with hydrogen gas dissolved
waters of various ORP values;

[0036] FIG. 7 is a schematic view for explaining a clean-
ing process in the second preferred embodiment of a method
for producing a liquid crystal display according to the
present invention;

[0037] FIG. 8 is a schematic view for explaining a con-
ventional cleaning process before an alignment layer is
formed;

[0038] FIG. 9 is a schematic view for explaining a con-
ventional cleaning process after an alignment layer is
formed;

[0039] FIG. 10 is a schematic view for explaining a step
of ultrasonic cleaning a substrate, on which an alignment
layer has been formed, according to the present invention;

[0040] FIG. 11 is a schematic view for explaining the
advantages of a step of ultrasonic cleaning a substrate, on
which an alignment layer has been formed, according to the
present invention;

[0041] FIG. 12 is a schematic view showing a bad
example of a step of ultrasonic cleaning a substrate, on
which an alignment layer has been formed;
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[0042] FIG. 13 is a schematic view showing a bad
example of a step of ultrasonic cleaning a substrate, on
which an alignment layer has been formed;

[0043] FIGS. 14A through 14C are schematic views for
explaining a gas dissolving method for producing a hydro-
gen gas dissolved water;

[0044] FIG. 15 is a graph showing the relationship
between the concentration of dissolved hydrogen in a hydro-
gen gas dissolved water and the removal rate of fine par-
ticles;

[0045] FIG. 16 is a table showing the characteristics of
hydrogen gas dissolved waters produced by the water elec-
trolysis method and the gas dissolving method;

[0046] FIG. 17 is a graph showing the removal rates of
particles when the ultrasonic cleanings are carried out using
a degassed ultrapure water, a cathode water containing
ammonia and a hydrogen gas dissolved water containing
ammonia, respectively;

[0047] FIG. 18 is a schematic diagram for explaining a
first embodiment of a method for producing a hydrogen gas
dissolved water;

[0048] FIG. 19 is a schematic diagram for explaining a
second embodiment of a method for producing a hydrogen
gas dissolved water;

[0049] FIG. 20 is a schematic diagram for explaining a
third embodiment of a method for producing a hydrogen gas
dissolved water;

[0050] FIG. 21 is a schematic diagram for explaining a
fourth embodiment of a method for producing a hydrogen
gas dissolved water;

[0051] FIG. 22 is a schematic diagram for explaining a
fifth embodiment of a method for producing a hydrogen gas
dissolved water; and

[0052] FIG. 23 is a schematic sectional view of a liquid
crystal display.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0053] Before describing the preferred embodiments
according to the present invention, a liquid crystal display
will be described. As shown in FIG. 23, a liquid crystal
display 520 comprises a liquid crystal layer 533 sandwiched
between a counter substrate 534 and an array substrate 535.
The counter substrate 534 comprises: a glass substrate 521;
a common electrode 524 stacked on the colored layers 522;
and an alignment layer 525 stacked thereon. The array
substrate 535 comprises: a substrate 526; a plurality of
signal lines 530 and a plurality of scanning lines (not
shown), which are arranged on the substrate 526 so as to
intersect each other; switching elements 531 arranged on the
respective intersecting portions; colored layers 522 of three
colors, i.e., red, green and blue, which are arranged so as to
cover the whole surface; pixel electrodes 532 arranged on
the colored layers 522 to be connected to the switching
elements 531; and an alignment layer 525 arranged so as to
cover these elements. After the substrates 534 and 535 are
adhered to each other, a liquid crystal is enclosed, so that the
production of a liquid crystal display is completed.
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[0054] Referring to FIGS. 1 through 6, the first preferred
embodiment of a method for producing a liquid crystal
display according to the present invention will be described
below. FIG. 1 shows the steps of the first preferred embodi-
ment of a method for producing a liquid crystal display
according to the present invention.

[0055] First, as shown at step F1 in FIG. 1, the steps
before forming an alignment layer on a transparent substrate
are carried out. When the substrate is an array substrate, the
steps until forming pixel electrodes are carried out, and
when the substrate is a counter substrate, the steps until
forming a counter electrode are carried out. Each of the array
substrate and the counter substrate, on which the electrode
is thus formed, will be also hereinafter referred to as an
“electrode substrate™.

[0056] The steps until forming pixel electrodes are as
follows.

[0057] An alloy of Mo and W serving as a metal for gate
electrodes and scanning lines is formed on a transparent
substrate so as to have a predetermined thickness by the
sputtering. After a photoresist is applied on the alloy, the
patterning is carried out by the photo process so that the
photoresist remains in portions, in which scanning lines and
gate electrodes are to be formed. Subsequently, a portion,
from which the photoresist has been removed, i.e., in which
the alloy of Mo and W is exposed, is removed by the etching
to form scanning lines and gate electrodes. Then, a silicon
oxide is formed as an insulating film. Subsequently, amor-
phous silicon is patterned as a semiconductor element to
form an active element portion. Subsequently, a Mo film is
formed on the whole surface by the sputtering, and then, an
alloy film of Al and Nd is formed on the whole surface by
the sputtering. Thereafter, the patterning is carried out by the
photolithography and etching methods to form signal lines,
drain electrodes and source electrodes so as to form thin film
transistors. Colored layers of three colors, i.e., red, green and
blue, which are made of an organic resin, are arranged in the
form of stripes. These colored layers forms a color filter.
Each of the colored layers has a through hole for connecting
a pixel electrode to a thin film transistor, which will be
formed at a subsequent step. Subsequently, the source elec-
trodes are connected to form a pixel electrode of ITO on the
colored layers for each of the film transistors, to complete
the production of an array substrate.

[0058] Thus, the substrate, for which the steps before
forming an alignment layer have been carried out, is brush
cleaned with a hydrogen gas dissolved water that hydrogen
gas dissolves in water, and then, the substrate is rinsed (see
steps F2, F3 in FIG. 1). The brush cleaning and the rinsing
are carried out in, €.g., a brush cleaning unit 20 and a shower
unit 30 shown in FIG. 2, to remove relatively large particles.

[0059] As shown in FIG. 2, when a substrate 2 is carried
in a brush cleaning unit 20, a hydrogen gas dissolved water
supplied from a hydrogen gas dissolved water producing
unit 10 is sprayed on the substrate 2 from nozzles 25. The
surface of the substrate 2, on which the hydrogen gas
dissolved water has been sprayed, is rubbed with brushes 23
to be cleaned. The substrate 2, which has been brush
cleaned, is fed to a shower unit 30 by means of transfer
rollers 11. Then, a pure water is sprayed on the substrate 2
from shower nozzles 33 to rinse the substrate 2.

[0060] In general, the hydrogen gas dissolved water is
selected from:
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[0061] (a) a hydrogen gas dissolved water produced
by a gas dissolving method, which will be described
later;

[0062] (b) a cathode water obtained by electrolyzing
walter;

[0063] (c) a hydrogen gas dissolved water obtained
by adding an alkaline material (e.g., NH,OH) to a
cathode water obtained by electrolyzing water;

[0064] (d) a cathode water obtained by electrolyzing
a pure water containing a supporting electrolyte
(e.g., NH,OH);,

[0065] (e) a hydrogen gas dissolved water (a) con-
taining an alkaline material.

[0066] In this preferred embodiment, the cathode water (d)
is used as the hydrogen gas dissolved water.

[0067] For example, the hydrogen gas dissolved water for
use in this preferred embodiment is produced by electrolysis
as follows.

[0068] First, a tank containing a pure water is divided by
a porous membrane into two regions. A cathode is provided
in one of the tow regions of the tank, and an anode is
provided in the other region of the tank. A dc voltage is
applied to these electrodes. In this preferred embodiment,
the pure water contains a supporting electrolyte in order to
enhance the electrolysis efficiency. When the electrolysis is
started, the cathode attracts H* ions, which receive electrons
from the cathode to be H, gas to be discharged. Therefore,
near the cathode, the number of H* ions decreases and OH™
ions remain, so that the water near the cathode (a cathode
water) is alkaline. Similarly, the anode attracts OH™ ions,
from which electrons are received by the anode to produce
0, gas to be discharged. Therefore, the water near the anode
(an anode water) is acidic since the number of OH™ ions
decreases and H* ions remain.

[0069] In general, the cathode water produced by elec-
trolysis has a pH different from that of water, and a higher
oxidation-reduction potential (which will be hereinafter
referred to as “ORP”) than those of usual chemicals. This
ORP value can be controlled by changing the amount of the
added supporting electrolyte.

[0070] The hydrogen gas dissolved water, which was used
for the brush cleaning in this preferred embodiment, was a
cathode water, which contained a 2x10~> mol/liter of ammo-
nia as a supporting electrolyte and which had an ORP of
about —-800 mV and a pH of about 10.5.

[0071] Furthermore, the value of pH is measured at the
discharge port, and the value of ORP is measured by means
of a normal hydrogen electrode.

[0072] Assuming that the residual rate of particles on the
surface of the substrate is 1 when the brush cleaning is
carried out using surface active agents as conventional
methods, the residual rate of particles on the surface of the
substrate was about 0.3 when the brush cleaning was carried
out using the hydrogen gas dissolved water. Therefore, it is
possible to obtain a very good detergency in comparison
with the conventional methods.

[0073] In addition, since the pH is about 10.5, the hydro-
gen gas dissolved water after the brush cleaning can be
discharged as a non-industrial water without the need of any
special treatments.
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[0074] Referring to FIG. 1 again, the substrate, which has
been brush cleaned and rinsed, is cleaned with a hydrogen
gas dissolved water, to which an ultrasonic energy has been
applied (see step F4 in FIG. 1). Then, after rinsing and
draining the substrate (see step F5 in FIG. 1), the substrate
is dried (see step F6 in FIG. 1).

[0075] This ultrasonic cleaning step is carried out to
remove relatively small particles. The cleaning, rinsing and
draining can be carried out by means of, e.g., a spin cup unit
41. The ultrasonic cleaning step using the spin cup unit 41
will be described below.

[0076] The substrate 2 is mounted on a spin table 47 in a
spin cup 46 by means of a loader (not shown) to be fixed
thereto (see FIG. 3). The spin table 47 is rotated by a motor
48, so that the substrate 2 fixed to the spin table 47 is also
rotated. On the upper surface of the rotating substrate 2, a
hydrogen gas dissolved water, to which an ultrasonic energy
has been applied, is sprayed from an ultrasonic nozzle 44.
When the hydrogen gas dissolved water is supplied from a
hydrogen gas dissolved water supply unit 42 to the ultra-
sonic nozzle 44 and when the ultrasonic nozzle 44 is driven
by an oscillator 43, an ultrasonic energy is applied to the
hydrogen gas dissolved water.

[0077] Furthermore, since the ultrasonic nozzle 44 is mov-
able from the rotation center in a radial direction of gyration
along the surface of the substrate 2, it is possible to uni-
formly clean the surface of the substrate 2. When the
ultrasonic cleaning step is completed, the supply of the
hydrogen gas dissolved water is stopped, and a pure water
is sprayed on the rotating substrate 2 from a nozzle 45 to
rinse the substrate 2. Thereafter, the supply of the pure water
is stopped, and the spin table 47 is rotated at a high speed to
drain the substrate 2. After the draining is stopped, the
substrate 2 is removed from the spin cup unit 41 to be
transported to a hot plate (not shown) to be dried thereon.

[0078] In this preferred embodiment, while the hydrogen
gas dissolved water used at the ultrasonic cleaning step has
been the same hydrogen gas dissolved water as that used at
the brush cleaning step, i.c., the hydrogen gas dissolved
water having the same ORP value as that used at the brush
cleaning step, the hydrogen gas dissolved water used at the
ultrasonic cleaning step may have an ORP value different
from that used at the brush cleaning step.

[0079] 1t was found that when the hydrogen gas dissolved
waters were used at the ultrasonic cleaning and rinsing steps
as this preferred embodiment, the residual rate of particles
on the surface of the substrate was smaller than that in the
conventional method.

[0080] After the ultrasonic cleaning step, the rinsing and
draining step and the drying step are completed, an align-
ment layer is formed on the substrate (see step F7 in FIG.
1). That is, an alignment layer of, e.g., a polyimide, is
applied on the surface of the substrate, on which the elec-
trode has been formed, and the substrate is dried to form a
polyimide film thereon. Then, the rubbing of the polyimide
film is carried out to form an alignment layer.

[0081] Then, the substrate, on which the alignment layer
has formed, is cleaned by means of a hydrogen gas dissolved
water, to which an ultrasonic energy has been applied (see
step F8 in FIG. 1). After the rinsing and draining of the
substrate are carried out (see step F9 in FIG. 1), the substrate
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is dried (see step F10 in FIG. 1). These ultrasonic cleaning,
rinsing and draining steps can be carried out by means of,
e.g., the spin cup unit 41 shown in FIG. 3, to remove
relatively small particles. Referring to FIGS. 3 and 10
through 13, the ultrasonic cleaning step using the spin cup
unit 41 will be described below.

[0082] FIG. 10 is a top view of the spin cup unit of FIG.
3, and FIG. 11 is a half sectional view of the substrate 2
mounted on the spin cut unit of FIG. 10. FIG. 12 is a top
view of the spin cup unit of FIG. 3, and FIG. 13 is a half
the brush cleaning step, i.e., the hydrogen gas dissolved
water having the same ORP value as that used at the brush
cleaning step, the hydrogen gas dissolved water used at the
ultrasonic cleaning step may have an ORP value different
from that used at the brush cleaning step.

[0083] It was found that when the hydrogen gas dissolved
waters were used at the ultrasonic cleaning and rinsing steps
as this preferred embodiment, the residual rate of particles
on the surface of the substrate was smaller than that in the
conventional method.

[0084] After the ultrasonic cleaning step, the rinsing and
draining step and the drying step are completed, an align-
ment layer is formed on the substrate (see step F7 in FIG.
1). That is, an alignment layer of, e.g., a polyimide, is
applied on the surface of the substrate, on which the elec-
trode has been formed, and the substrate is dried to form a
polyimide film thereon. Then, the rubbing of the polyimide
film is carried out to form an alignment layer.

[0085] Then, the substrate, on which the alignment layer
has formed, is cleaned by means of a hydrogen gas dissolved
water, to which an ultrasonic energy has been applied (see
step F8 in FIG. 1). After the rinsing and draining of the
substrate are carried out (see step F9 in FIG. 1), the substrate
is dried (see step F10 in FIG. 1). These ultrasonic cleaning,
rinsing and draining steps can be carried out by means of,
e.g., the spin cup unit 41 shown in FIG. 3, to remove
relatively small particles. Referring to FIGS. 3 and 10
through 13, the ultrasonic cleaning step using the spin cup
unit 41 will be described below.

[0086] FIG. 10 is a top view of the spin cup unit of FIG.
3, and FIG. 11 is a half sectional view of the substrate 2
mounted on the spin cut unit of FIG. 10. FIG. 12 is a top
view of the spin cup unit of FIG. 3, and FIG. 13 is a half
sectional view of the substrate 2 mounted on the spin cup
unit of FIG. 12.

[0087] The substrate 2 is mounted on a spin table 47 in a
spin cup 46 to by means of a loader (not shown) to be fixed
thereto (see FIG. 3). The spin table 47 is rotated by a motor
48 (see FIG. 3), so that the substrate 2 fixed to the spin table
47 is also rotated. At this time, it is assumed that the rotating
direction is the direction of arrow 310 shown in FIG. 10. On
the upper surface of the rotating substrate 2, a hydrogen gas
dissolved water 49, to which an ultrasonic energy has been
applied, is sprayed from an ultrasonic nozzle 44 (see FIG.
11). When the hydrogen gas dissolved water 49 is supplied
from a hydrogen gas dissolved water supply unit 42 to the
ultrasonic nozzle 44 and when the ultrasonic nozzle 44 is
driven by means of an oscillator 43, the ultrasonic energy is
applied to the hydrogen gas dissolve water.

[0088] At this time, as shown in FIGS. 10 and 11, the
ultrasonic nozzle 44 is moved from the circumference of the
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substrate 2 to the rotation center 300 thereof in a radial
direction of gyration (in the direction of arrow 320) along
the surface of the substrate 2. Thus, as shown in FIG. 11,
since the height h, of the hydrogen gas dissolved water 49
is substantially even, the ultrasonic energy is also uniformly
transmitted, so that the surface of the substrate can be
uniformly cleaned without unevenness. Therefore, it is pos-
sible to prevent the alignment restraining force of the
alignment layer formed on the substrate from changing, so
that it is possible to reduce bad alignment. Thus, it is
possible to obtain a liquid crystal display having a high
quality of screen.

[0089] On the other hand, as shown in FIGS. 12 and 13,
when the ultrasonic cleaning is carried out, if the ultrasonic
nozzle 44 is moved from the rotation center 300 of the
substrate to the circumference thereof in a radial direction of
gyration (in the direction of arrow 330) along the surface of
the substrate 2, the hydrogen gas dissolved water, to which
the ultrasonic energy has been applied, is spread outwards in
a whirl from the rotation center 300 of the substrate, so that
the height h, of the hydrogen gas dissolved water 49 is
uneven. Therefore, the transmission of the ultrasonic energy
is uneven, so that the cleaning effect is uneven. When the
cleaning effect is uneven, there is a problem in that the
alignment restraining force changes at a certain specific
point, so that the alignment state of the alignment film
changes to cause visible defect.

[0090] Therefore, when the substrate, on which the align-
ment layer has been formed, is ultrasonic cleaned by means
of the spin cup unit, the ultrasonic nozzle 44 is preferably
moved from the circumference of the substrate 2 to the
rotation center in a radial direction of gyration.

[0091] When the ultrasonic cleaning step is completed, the
supply of the hydrogen gas dissolved water is stopped, and
a pure water is sprayed on the rotating substrate 2 from the
nozzle 45 to rinse the substrate 2. Thereafter, the supply of
the pure water is stopped, and the spin table 47 is rotated at
a high speed to drain the substrate 2. After the draining is
completed, the substrate 2 is removed from the spin cup unit
41 to be transported to a hot plate (not shown) to be dried
thereon.

[0092] In this preferred embodiment, while the hydrogen
gas dissolved water used at the ultrasonic cleaning step F8
has been the same hydrogen gas dissolved water as that used
at the brush cleaning step, i.e., the hydrogen gas dissolved
water having the same ORP value as that used at the brush
cleaning step, the hydrogen gas dissolved water used at the
ultrasonic cleaning step may have an ORP different from
that used at the brush cleaning step.

[0093] 1t was found that when the substrate, on which the
alignment layer has been formed, was cleaned with the
hydrogen gas dissolved water as this preferred embodiment,
the residual rate of particles on the surface of the substrate
was smaller than that in the conventional method using
surface active agents. That is, it is possible to obtain a good
detergency in comparison with the conventional method.

[0094] The array and color filter substrates thus formed are
arranged so that the alignment layers face each other at an
interval, and a liquid crystal composition is sandwiched
between the substrates to complete a liquid crystal display.

[0095] FIG. 4 shows the results of the measured residual
rates of particles on the surface of a substrate before forming
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an alignment layer thereon (a substrate on which an elec-
trode has been formed), when the brush cleaning and rinsing
of the substrate were carried out using hydrogen gas dis-
solved waters of various ORP values. It is assumed in FIG.
4 that the residual rate of particles is 1 when the brush
cleaning and rinsing are carried out using surface active
agents as conventional methods. It can be seen from the
results of experiment shown in FIG. 4 that it is possible to
obtain a good detergency, which is the same as or better than
those in conventional methods, when the ORP value is in the
range of from -860 mV to 1100 mV. When the ORP value
is in the range of from -860 mV to —400 mV, it is possible
to further improve the detergency in comparison with con-
ventional methods.

[0096] When a substrate before forming an alignment
layer thereon, i.e., an array substrate on which a pixel
electrode of ITO has been formed, or a counter substrate on
which a counter electrode of ITO has been formed, is brush
cleaned with a hydrogen gas dissolved water, the oxidation-
reduction potential of the hydrogen gas dissolved water is
preferably in the range of from -860 mV to —400 mV, more
preferably in the range of from -860 mV to =750 mV, and
the pH thereof is preferably in the range of from 8 to 12. The
pH is equal to or higher than 8 in order to prevent metal
particles from being adhered to a substrate again after
removing contaminations of metal particles from the sub-
strate by the brush cleaning, and the pH is equal to or less
than 12 in order to prevent a metal electrode from melting.

[0097] FIG. 5 shows the results of the measured residual
rates of particles on the surface of a substrate before forming
an alignment layer thereon (a substrate on which no elec-
trode has been formed), when the ultrasonic cleaning and
rinsing of the substrate were carried out using hydrogen gas
dissolved waters of various ORP values. It is assumed in
FIG. 5 that the residual rate of particles is 1 when the brush
cleaning and rinsing are carried out using surface active
agents as conventional methods. It can be seen from the
results of experiment shown in FIG. 5 that it is possible to
obtain a good detergency, which is the same as or better than
those in conventional methods, when the ORP value of the
hydrogen gas dissolved water is in the range of from -860
mV to 600 mV. When the ORP value of the hydrogen gas
dissolved water is in the range of from -860 mV to -600
mV, it is possible to further improve the detergency in
comparison with conventional methods.

[0098] FIG. 6 shows the results of the measured residual
rates of particles on the surface of a substrate after forming
an alignment layer thereon (after rubbing the substrate),
when the ultrasonic cleaning and rinsing of the substrate
were carried out using hydrogen gas dissolved waters of
various ORP values. In this case, the alignment layer was an
organic film of a polyimide or the like. It is assumed in FIG.
6 that the residual rate of particles is 1 when the brush
cleaning and rinsing are carried out using surface active
agents as conventional methods. It can be seen from the
results of experiment shown in FIG. 6 that it is possible to
obtain a good detergency, which is the same as or better than
those in conventional methods, when the ORP value of the
hydrogen gas dissolved water is in the range of from -860
mV to —600 mV and when the pH thereof is in the range of
from 8 to 12.

[0099] Furthermore, when the ORP value of a hydrogen
gas dissolved water is in the range of from -860 mV to —600
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mV, preferably in the range of from -860 mV to =780 mV,
and when the pH thereof is in the range of from 10 to 11, this
hydrogen gas dissolved water can be commonly used for the
cleaning steps before and after an alignment layer is formed.
In this case, it is possible to avoid waste that the hydrogen
gas dissolved waters used at the respective cleaning steps are
separately produced.

[0100] In addition, if the ultrasonic cleaning is carried out
using the hydrogen gas dissolved water, it is possible to
suitably remove foreign matters, such as contaminations,
which are adhered to the surface of the alignment layer by
the static electricity produced by the rubbing, without dam-
aging the alignment layer.

[0101] When the ultrasonic cleaning is carried out using
the hydrogen gas dissolved water, the concentration of the
dissolved hydrogen has a great influence on the cleaning
effect, and the details thereof will be described later. In the
ultrasonic cleaning after forming the alignment layer, the pH
is preferably in the range of from 7 to 12, preferably 8 to 11,
and this will be described in detail later.

[0102] As described above, according to this preferred
embodiment, if the ORP value of the hydrogen gas dissolved
water is suitably set, it is possible to obtain a good deter-
gency, which is the same as or better than those in conven-
tional method using surface active agents.

[0103] When the hydrogen gas dissolved water is used as
this preferred embodiment, the waste waters at the respec-
tive steps can be treated as non-industrial waters without the
need of any special treatments, unlike the conventional
methods using surface active agents, so that it is possible to
decrease the manufacturing costs. In addition, at the rinsing
step in this preferred embodiment, the rinsing performance
is better than those in the conventional methods using
surface active agents, so that it is possible to carry out the
rinsing with a smaller amount of pure water and in a shorter
time. Therefore, it is possible to inhibit the manufacturing
costs from increasing.

[0104] In the above preferred embodiment, while both of
the brush cleaning and ultrasonic cleaning have been carried
out before forming the alignment layer, only one of the
cleanings may be carried out.

[0105] Referring to FIG. 7, the second preferred embodi-
ment of a method for producing a liquid crystal display
according to the present invention will be described below.

[0106] In the producing method of the second preferred
embodiment, an ultrasonic cleaning step before forming an
alignment layer is carried out without the need of a spin cup
unit, and the brush cleaning and rinsing are carried out in the
same manner as that in the first preferred embodiment
shown in FIG. 2.

[0107] Similar to the first preferred embodiment, a sub-
strate 2 is brush cleaned in a brush cleaning unit 20, and
thereafter, the rinsing thereof is carried out in a shower unit
30 (see FIG. 7). After the rinsing, the substrate 2 is trans-
ported to an ultrasonic cleaning unit 40 by means of transfer
rollers 11 to be ultrasonic cleaned therein. Thereafter, the
substrate 2 is transferred to a shower unit 50 by means of
transfer rollers 11 to be rinsed therein. After the rinsing, the
substrate 2 is transferred to a draining unit 60 by means of
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transfer rollers 11 to be drained therein by means of air
knives 62. Thereafter, the substrate 2 is transported to a hot
plate 70 to be dried thereon.

[0108] This second preferred embodiment has the same
advantages as those of the first preferred embodiment.

[0109] While ammonia has been used as a supporting
electrolyte in the production of a hydrogen gas dissolved
water in the above preferred embodiment, other materials
(e.g., silicon) may be used if the materials have a small
influence on electronic devices and on environment.

[0110] Referring to FIGS. 14A through 14C, a gas dis-
solving method for producing a hydrogen gas dissolved
waters will be described below.

[0111] As shown in FIG. 14A, in this gas dissolving
method, a pure water is supplied to an inlet portion 355
provided on one end of a dissolving module 350, to which
hydrogen gas is supplied via a gas inlet 351 and from which
the hydrogen gas is discharged via a gas outlet 353, to
dissolve the hydrogen gas in the pure water in the dissolving
module to produce a hydrogen gas dissolved water, and the
hydrogen gas dissolved water is discharged from an outlet
portion 357 provided on the other end of the dissolving
module 350.

[0112] A hollow module 360 is provided in the dissolving
module 350 (see FIG. 14B). The hollow module 360 is
made of a material (a gas exchange membrane) 362, through
which water is not able to pass and hydrogen gas is able to
pass and which has a plurality of holes 365 for allowing
water to pass therethrough (see FIG. 14B). When a pure
water passes through the holes 365 of the hollow module
360, hydrogen gas dissolves in the pure water by means of
the gas exchange membrane 362 (see FIG. 14C). Further-
more, FIG. 14C is an enlarged view of a part of FIG. 14B.

[0113] The relationship between the concentration of
hydrogen gas and the cleaning effect when the ultrasonic
cleaning is carried out using the hydrogen gas dissolved
water will be described below.

[0114] FIG. 15 shows the relationship between the dis-
solved hydrogen concentration (ppm) in the hydrogen gas
dissolved water and the removal rate (%) of fine particles
when a Si wafer, which has been forced to be contaminated
by Al,O;, is ultrasonic cleaned with a hydrogen gas dis-
solved water for 1 minute. Furthermore, the dissolved
hydrogen concentration was measured by means of a dis-
solved hydrogen meter, and the detection of fine particles
remaining on the Si wafer was carried out by detecting fine
particles of not less than 1 um by means of a wafer
foreign-matter detector.

[0115] As can be seen from FIG. 15, when the dissolved
hydrogen concentration is equal to or higher than 0.5 ppm,
as the dissolved hydrogen concentration increases, the
removal rate of fine particles rapidly increases, so that it is
possible to obtain a good detergency. In particular, when the
dissolved hydrogen concentration is equal to or higher than
0.9 ppm, the removal rate of fine particles exceeds 90%.

[0116] The hydrogen gas dissolved waters at points A and
B in FIG. 15 are produced by the water electrolysis method
and the gas dissolving method, respectively, and contain a
2x10 mol/liter of ammonia. FIG. 16 shows the character-
istics of these hydrogen gas dissolved waters. In general, the



US 2001/0012544 Al

dissolved hydrogen concentration in a hydrogen gas dis-
solved water produced by the gas dissolving method is
higher than that in a hydrogen gas dissolved water (a cathode
water) produced by the water electrolysis method.

[0117] FIG. 17 shows the removal rates of particles when
the ultrasonic cleaning of a Si wafer, which has been forced
to be contaminated by Al,O;, is carried out for 1 minute
using the hydrogen gas dissolved water produced by the gas
dissolving method, the cathode water produced by the water
electrolysis method and a degassed ultrapure water, respec-
tively. It can be seen from FIG. 17 that when the hydrogen
gas dissolved water is used for the ultrasonic cleaning, it is
possible to obtain good cleaning effects in comparison with
the cleaning using ultrapure water.

[0118] As described above, even if a hydrogen gas dis-
solved water having a dissolved hydrogen concentration of
0.5 to 2 ppm is used for a step of ultrasonic cleaning an
electrode substrate of a liquid crystal display, it is possible
to obtain good cleaning effects. In particular, an alkaline
hydrogen dissolved water (e.g., pH=7 to 12, preferably 8 to
11) is preferably used to ultrasonic clean an electrode
substrate, on which an alignment layer has been formed.

[0119] Asdescribed above, according to the present inven-
tion, it is possible to prevent the manufacturing costs from
increasing without decreasing the detergency.

[0120] Referring to FIG. 18, a first embodiment of
another method for producing a hydrogen gas dissolved
water will be described below.

[0121] First, a degassed pure water is supplied from a pure
water supply unit 411 serving as a pure water supply
mechanism to an electrolytic water producing unit 401
serving as an electrolytic water producing mechanism. The
electrolytic water producing unit 401 is an electrolyzing unit
wherein the interior of an electrolyzing bath is divided by a
porous ion exchange membrane into two regions, i.e., an
anode chamber and a cathode chamber. A cathode is pro-
vided in the cathode chamber, and an anode is provided in
the anode chamber. To the cathode and the anode, a dc
voltage is applied via a control unit. The pure water supplied
to the electrolytic water producing unit 401 is electrolyzed
by applying a dc voltage between the cathode and the anode
to produce electrolytic waters (a cathode water and an anode
water).

[0122] The cathode water serving as an electrolytic water
thus obtained is supplied to a hydrogen gas dissolved water
producing unit 405 serving as a hydrogen gas dissolved
water producing mechanism by opening a valve 402. After
the valve 402 is closed, a supporting electrolyte NH,OH is
added to the hydrogen gas dissolved water producing unit
405 from a supporting electrolyte adding unit 403 serving as
a supporting electrolyte adding mechanism via an open
valve 404, to obtain a hydrogen gas dissolved water having
an NH,OH concentration of 0.2 to 1000 mmol/l. The sup-
porting electrolyte should not be limited to NH,OH, but it
may be tetramethyl ammonium hydroxide or choline.

[0123] Referring to FIG. 19, a second embodiment of a
method for producing a hydrogen gas dissolved water will
be described below.

[0124] In this second embodiment, there is provided a
method for producing a plurality of kinds of hydrogen gas

Aug. 9, 2001

dissolved waters, which have ORP values of —800 mV, -600
mV and =500 mV, respectively.

[0125] FIG. 19 is a schematic view of a unit for producing
a plurality of kinds of hydrogen gas dissolved waters having
different ORP values. A degassed pure water is supplied
from a pure water supply unit 411 to an electrolytic water
producing unit 401 serving as an electrolytic water produc-
ing mechanism. This electrolytic water producing unit 401
electrolytes the supplied pure water to produce a cathode
water and an anode water. The produced cathode water is
supplied to hydrogen gas dissolved water producing units
405A, 405B and 405C by opening valves 402A, 402B and
402C, respectively. The amount of the cathode water sup-
plied to each of the hydrogen gas dissolved water producing
units 405A, 405B and 405C is adjusted by adjusting the
opening angle of each of the valves 402A, 402B and 402C.
After the cathode water is supplied to the hydrogen gas
dissolved water producing units 405A, 405B and 405C, the
valves 402A, 402B and 402C are closed. Subsequently,
valves 404A, 404B and 404C are open, so that a supporting
electrolyte NH,OH is added to the hydrogen gas dissolved
water producing units 405A, 405B and 405C from support-
ing electrolyte adding units 403A, 403B and 403C serving
as supporting electrolyte adding mechanisms, respectively.
The amount of each of the added supporting electrolytes is
adjusted so that the ORP values of the hydrogen gas dis-
solved waters produced in the hydrogen gas dissolved water
producing units 405A, 405B and 405C are —-800 mV, -600
mV and -500 mV, respectively. Thereafter, the valves 404 A,
404B and 404C are closed, and valves 406A, 406B and
406C are open, so that the hydrogen gas dissolved waters are
supplied to cleaning baths 407A, 407B and 407C serving as
cleaning mechanisms for cleaning objects to be cleaned,
which are mounted thereon.

[0126] Inthis embodiment, the cleaning baths 407A, 407B
and 407C correspond to the brush cleaning unit 20 at the step
of cleaning the counter substrate (see FIG. 7), the ultrasonic
cleaning unit 40 at the step of cleaning the counter substrate
(see FIG. 7) and the ultrasonic cleaning unit after forming
the alignment layer (see FIG. 3), respectively. While three
kinds of hydrogen gas dissolved waters have been produced
in this embodiment, the kinds of the produced hydrogen gas
dissolved waters may be 2 or 4 or more.

[0127] As third, fourth and fifth embodiments, mecha-
nisms for producing a plurality of kinds of hydrogen gas
dissolved waters having different ORP values from an
electrolytic water obtained by a single electrolyzing unit,
which mechanisms are different from the second embodi-
ment, will be described below.

[0128] First, referring to FIG. 20, the third embodiment
will be described.

[0129] A degassed pure water is supplied from a pure
water supply unit 411 serving as a pure water supply
mechanism to an electrolytic water producing unit 401
serving as an electrolytic water producing mechanism. The
electrolytic water producing unit 401 electrolyzes the sup-
plied water to produce a cathode water and an anode water.
The produced cathode water is supplied to hydrogen gas
dissolved water producing units 405A and 405B by opening
valves 402A and 402B, respectively. The amount of the
cathode water supplied to each of the hydrogen gas dis-
solved water producing units 405A and 405B can be
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adjusted by adjusting the opening angles of the valves 403A
and 402B, respectively. After the cathode water is supplied
to the hydrogen gas dissolved water producing units 405A
and 405B, the valves 402A and 402B are closed. Subse-
quently, valves 404A and 404B are open, so that a support-
ing electrolyte NH,OH is added to the hydrogen gas dis-
solved water producing units 405A and 405B from
supporting electrolyte adding units 403A and 403B serving
as supporting electrolyte adding mechanisms, respectively.
The amount of the added supporting electrolyte and the
amount of the cathode water are adjusted, so that hydrogen
gas dissolved waters having two different ORP values are
produced in the hydrogen gas dissolved water producing
units 405A and 405B. Then, valves 408 A and 408B are open
to supply and mix the cathode waters to a hydrogen gas
dissolved water producing unit 405C, so that a hydrogen gas
dissolved water having a third different ORP value is pro-
duced in the hydrogen gas dissolved water producing unit
405C. Then, similar to the second embodiment, the hydro-
gen gas dissolved waters are supplied to cleaning baths
407A, 407B and 407C from the hydrogen gas dissolved
water producing units 405A, 405B and 405C via valves
406A, 406B and 406C, respectively.

[0130] In this embodiment, two kinds of hydrogen gas
dissolved waters are mixed to produce an additional hydro-
gen gas dissolved water. The ORP value of the third kind of
hydrogen gas dissolved water can be optionally changed by
changing the mixing ratio of the two kinds of hydrogen gas
dissolved waters, and four kinds of different hydrogen gas
dissolved waters can be obtained from two kinds of hydro-
gen gas dissolved waters by increasing the number of the
hydrogen gas dissolved water producing units.

[0131] Referring to FIG. 21, the fourth embodiment will
be described below.

[0132] This embodiment is the same as the third embodi-
ment, except that a cathode water produced by a electrolytic
water producing unit without adding a supporting electrolyte
is directly supplied to a cleaning bath 406A, and that there
is provided a hydrogen gas dissolved water producing unit
405B for mixing a hydrogen gas dissolved water produced
in a hydrogen gas dissolved water producing unit 405C, to
which a supporting electrolyte is supplied from a supporting
electrolyte adding unit 403 by opening a valve 404, with a
cathode water produced in an electrolytic water producing
unit 401 without adding a supporting electrolyte to produce
a hydrogen gas dissolved water.

[0133] Referring to FIG. 22, the fifth embodiment will be
described below.

[0134] A degassed pure water is supplied from a pure
water supply unit 511 serving as a pure water supply
mechanism to an electrolytic water producing unit 401
serving as an electrolytic water producing mechanism. The
cathode water produced by electrolysis in the electrolytic
water producing unit 401 is supplied to a hydrogen gas
dissolved water producing unit 405A by opening a valve
402. After the cathode water is supplied to the hydrogen gas
dissolved water producing unit 405A, the valve 402 is
closed. Subsequently, a valve 404A is open, so that a
supporting electrolyte NH,OH is added to the hydrogen gas
dissolved water producing unit 405A from a supporting
electrolyte adding unit 403A serving as a supporting elec-
trolyte adding mechanism. The hydrogen gas dissolved
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water produced by the hydrogen gas dissolved water pro-
ducing unit 405A is supplied to a cleaning bath 407A by
opening a valve 406A. Subsequently, the valves 402, 404A
and 406A are closed, and only a valve 408 is open, so that
the hydrogen gas dissolved water produced by the hydrogen
gas dissolved water producing unit 405A is supplied to a
hydrogen gas dissolved water producing unit 405B. After
the valve 408 is closed, a valve 404B is open, so that a
supporting electrolyte NH,OH is added to the hydrogen gas
dissolved water producing unit 405B from a supporting
electrolyte adding unit 403B to produce a hydrogen gas
dissolved water having an ORP value different from that of
the hydrogen gas dissolved water produced by the hydrogen
gas dissolved water producing unit 405A. Thus, hydrogen
gas dissolved waters having different ORP values can be
sequentially produced by means of a single pipe.

[0135] Thus, since a plurality of kinds of hydrogen gas
dissolved waters having different ORP values can be pro-
duced from an electrolytic water produced by a single
electrolytic water producing unit, it is sufficient to provide at
least one electrolytic water producing unit, so that it is
possible to sufficiently reduce the costs and to easily produce
a hydrogen gas dissolved water having an optional ORP
value.

[0136] While NH,OH has been used as a supporting
electrolyte in the above embodiments, the present invention
should not be limited thereto, but different supporting elec-
trolytes suitable for the respective processes may be used to
produce hydrogen gas dissolved waters by means of a single
mechanism. For example, NH,OH may be added from the
supporting electrolyte adding units 403A and 403B in FIG.
2, and tetramethyl ammonium hydroxide or choline may be
added from the supporting electrolyte adding unit 403C in
FIG. 2.

[0137] As described above, since a method for adding a
supporting electrolyte after electrolyzing a pure water to
produce a hydrogen gas dissolved water can be used to
adjust the amount of the added supporting electrolyte to
control the oxidation-reduction potential of the hydrogen gas
dissolved water at a desired value, it is possible to easily
produce a plurality of kinds of hydrogen gas dissolved
waters having different oxidation-reduction potentials.

[0138] In addition, according to a method for adding a
supporting electrolyte after electrolyzing a pure water to
produce a hydrogen gas dissolved water, it is possible to
inhibit the metal contamination from being mixed from
electrodes and electrolyzing baths due to the presence of a
supporting electrolyte, so that it is possible to obtain a
hydrogen gas dissolved water having impurities of low
concentration.

[0139] While the present invention has been disclosed in
terms of the preferred embodiment in order to facilitate
better understanding thereof, it should be appreciated that
the invention can be embodied in various ways without
departing from the principle of the invention. Therefore, the
invention should be understood to include all possible
embodiments and modification to the shown embodiments
which can be embodied without departing from the principle
of the invention as set forth in the appended claims.
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What is claimed is:

1. A method for producing a liquid crystal display, said
method comprising a step of brush cleaning an electrode
substrate with a hydrogen gas dissolved water, which has an
oxidation-reduction potential of =860 mV to —400 mV and
a pH of 8 to 12, before applying an alignment layer material
on the electrode substrate.

2. A method for producing a liquid crystal display, said
method comprising a step of ultrasonic cleaning an electrode
substrate with a hydrogen gas dissolved water, which has a
dissolved hydrogen gas concentration of not less than 0.5
ppm, before applying an alignment layer material on the
electrode substrate.

3. A method for producing a liquid crystal display, said
method comprising a step of ultrasonic cleaning an electrode
substrate with a hydrogen gas dissolved water, which has a
dissolved hydrogen gas concentration of not less than 0.5
ppm and a pH of 7 to 12, after applying an alignment layer
material on the electrode substrate.

4. A method for producing a liquid crystal display as set
forth in claim 3, wherein said substrate, on which the
alignment layer material has been applied, is ultrasonic
cleaned with a hydrogen gas dissolved water having a
dissolved hydrogen gas concentration of 0.5 ppm to 2 ppm.

5. A method for producing a liquid crystal display, which
comprises a step of ultrasonic cleaning a rotating substrate
by spraying a hydrogen gas dissolved water on the substrate
from an ultrasonic nozzle, and wherein said ultrasonic
nozzle is moved from the circumference of said substrate
toward the rotation center of said substrate in a radial
direction of gyration.

6. A method for producing a liquid crystal display as set
forth in claim 5, wherein an alignment layer has been
applied on said substrate.

7. A method for producing an electrode substrate, which
comprises a first cleaning step of brush cleaning an electrode
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substrate with a hydrogen gas dissolved water and a second
cleaning step of ultrasonic cleaning said electrode substrate
with a hydrogen gas dissolved water, and wherein said
hydrogen gas dissolved waters used at said first and second
cleaning steps have an oxidation-reduction potential of —-860
mV to =600 mV and a pH of 8 to 12.

8. A method for producing a liquid crystal display, which
comprises: a first cleaning step of brush cleaning an elec-
trode substrate with a hydrogen gas dissolved water; a
second cleaning step of ultrasonic cleaning said electrode
substrate with a hydrogen gas dissolved water; a step of
forming an alignment layer on said electrode substrate; and
a third cleaning step of ultrasonic cleaning said electrode
substrate, on which said alignment layer has been formed,
with a hydrogen gas dissolved water, and wherein said
hydrogen gas dissolved waters used at said first, second and
third cleaning steps have an oxidation-reduction potential of
-860 mV to -600 mV and a pH of 8 to 12.

9. A method for producing a liquid crystal display as set
forth in claim 8, wherein said hydrogen gas dissolved waters
used at said first, second and third cleaning steps have an
oxidation-reduction potential of =860 mV to =780 mV and
a pH of 10 to 11.

10. A method for cleaning a substrate with a hydrogen gas
dissolved water, said method comprising a step of ultrasonic
cleaning a substrate with a hydrogen gas dissolved water
having a dissolved hydrogen gas concentration of not less
than 0.5 ppm.

11. A method for cleaning a substrate as set forth in claim
10, wherein said dissolved hydrogen gas concentration is in
the range of from 0.5 ppm to 2 ppm.

12. A method for cleaning a substrate as set forth in claim
10, wherein said hydrogen gas dissolved water is produced
by a gas dissolving method.
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