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(7) ABSTRACT

An organic polymer film can be completely decomposed and
removed from a substrate surface by exposing the film to
ultraviolet radiation having a wavelength of 180 nm or less.
Also, ultraviolet radiation not longer than 180 nm in wave-
length is scarcely transmitted through a transparent conduc-
tive oxide such as ITO and, thus, can be used for eliminating
a defective polyimide alignment film formed on a color filter
substrate and an array substrate having a transparent elec-
trode pattern of ITO formed on the surface of a pigment

17, 1999. portion and a TFT structure, respectively. According to the
present invention, the defective alignment film on the sub-
(30) Foreign Application Priority Data strates can be removed completely without any damage such
as discoloring of the pigment portion and/or changing the
Dec. 25, 1998 (IP) coevenecrecerecrerrercneecnecnne 10-369026 TFT characteristics.
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METHOD FOR REMOVING ORGANIC
COMPOUND BY ULTRAVIOLET RADIATION AND
APPARATUS THEREFOR

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

[0002] The present invention relates to a method of
removing an organic polymer film, particularly, to a simple
and convenient method of completely removing a polyimide
film as an alignment film in the manufacture of a color filter
substrate used in a liquid crystal display device. It is
absolutely necessary to remove completely the polyimide
film for the rework of a color filter substrate. And also, the
present invention relates to a method of removing an organic
polymer film on an array substrate.

[0003] 2. Description of the Related Art

[0004] The manufacturing process of a cell of a liquid
crystal display device includes the step of forming an
organic polymer film serving to orient liquid crystal mol-
ecules followed by forming a color filter structure or an array
structure on a substrate. The organic polymer film includes
a film of, for example, polyimide resin (PI) and polyvinyl
alcohol (PVA), and is formed on the entire surface of the
substrate by a printing method or a spin coating method.
Then, the film is baked, followed by applying an aligning
process such as rubbing to the baked film so as to form an
alignment film. However, where a defect is included in the
organic polymer film thus formed, the entire substrate was
discarded as a defective substrate. Since the substrate includ-
ing a color filter structure or an array structure is prepared by
employing a manufacturing technology of a very high level
in order to achieve a high density and a high precision in a
display device, the discarding of the entire substrate, which
is defective, leads to an increased manufacturing cost.

[0005] In order to improve the situation, it is attempted to
once remove the defective film of the organic polymer,
followed by newly forming a satisfactory film. As the
technique to remove the organic polymer film, some meth-
ods now in use for removing a photoresist film in the
manufacturing process of a semiconductor device and the
like, are applicable. For example, a wet etching is one of the
well-known method for removing an organic polymer film
in which the organic polymer film is dissolved in an appro-
priate solvent. In the case of a polyimide film, -butyrolac-
tone, N-methyl pyrrolidone (NMP), etc. are used as the
solvent. Even in the case of using such a solvent, it is
impossible to remove completely the residual polyimide,
with the result that a polyimide film having a thickness of
about 10 to 100 is left unremoved on the substrate. Also
known is a dry etching method such as a plasma etching
method or an ozone ashing method. It may be possible to
achieve the complete removal of the residual polyimide film
by employing these dry etching methods. However, the dry
etching method requires a vacuum apparatus and an exclu-
sive ozone generator. In other words, a relatively costly and
complex apparatus and manufacturing step is required in the
dry etching method, compared with the other method. Such
being the situation, the dry etching method has not yet been
put to practical use. The dry etching method gives rise to an
additional difficulty. Specifically, it is necessary to rotate or
rock the substrate, making it difficult to deal with substrates
of various sizes, particularly, a large substrate sized at
600x720 mm.
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[0006] Japanese Patent Disclosure (Kokai) No. 6-202111
discloses a method of removing a polyimide liquid crystal
alignment film. It is disclosed that the film is exposed to
ultraviolet radiation having a wavelength of 230 to 300 nm,
followed by dipping the film in a polar solvent or an alkaline
solvent. However, it has been found that the ultraviolet
radiation having a wavelength of 230 to 300 nm is trans-
mitted through the underlying transparent conductive film of
ITO (Indium-Tin-Oxide), though the transmission is only
several percent, so as to do damage to the pigment contained
in the color filter positioned below the ITO film. For
example, discoloring is brought about in the pigment.

[0007] Also, it has been found that it is impossible to
remove completely the polyimide film by only exposure to
ultraviolet radiation having a wavelength of 230 to 300 nm.

[0008] As described above, it is unavoidable for an
organic polymer film on a substrate for a cell of a liquid
crystal display device to bear a defect caused by a defective
printing or by a damage done during the aligning process
such as rubbing. However, it was impossible to remove
completely the organic polymer film for reworking the
substrate. It is of high importance to develop a cheap and
simple method for removing completely the organic poly-
mer film such as a polyimide film attached to the substrate
in order to improve the manufacturing yield and to reduce
the manufacturing cost of the liquid crystal display device.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
simple and convenient method of completely removing an
organic polymer film on a substrate.

[0010] Another object of the present invention is to pro-
vide a simple and convenient method of completely remov-
ing a polyimide film used as an alignment film but being
defective in the manufacture of a color filter substrate and an
array substrate for a liquid crystal display device. The
complete removal of the defective polyimide film is abso-
lutely necessary for the reworking of the substrate. It follows
that an additional object of the present invention is to
provide a method which permits improving the manufactur-
ing yield of a cell of a liquid crystal display device.

[0011] Still another object of the present invention is to
provide a simple and convenient apparatus for completely
removing an organic polymer film on a substrate.

[0012] According to the present invention, an organic
polymer film, which is to be removed from a substrate
surface, is exposed to ultraviolet radiation having a wave-
length of 180 nm or less so as to decompose and remove the
organic polymer film. This particular removing method is
useful for removing an alignment film comprising an
organic polymer such as polyimide to rework the substrate.

[0013] The principle of the removing method is shown in
FIG. 1. To be more specific, the film is considered to be
removed by a breaking function, that is, each bond of
organic polymer in the film is broken by the energy of the
irradiated ultraviolet radiation, and by an oxidizing function
performed by oxygen within the air atmosphere, which is
excited by the energy of the ultraviolet radiation. In general,
the coupling energy (eV/molecule) between adjacent atoms
contained in an organic molecule is mainly: C—N bond
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(3.02); C—C bond (3.60); C—H bond (4.29); and C=C-
bond (6.29). The energy (E) of the ultraviolet radiation is
determined by:

E=hc/eh

[0014] where h represents the Planck’s constant (6.626x
1073* [J-sec]), c represents the speed of light (2.998x10°
[m/sec]), e represents the energy of a single electron (1.602x
107*° [J/eV]), and 2 represents the wavelength of the light
[m]. The energy of the ultraviolet radiation emitted from a
conventional low pressure mercury lamp having an output
wavelength of 254 nm is 4.88 eV, which is smaller than the
coupling energy of the C=C bond noted above. In other
words, it is impossible for the ultraviolet radiation having a
wavelength of 254 nm to break the C=C bond. It follows
that the pyromellitic acid portion and the condensed ring
portion of the polyimide structure given below are not
decomposed but remain on the substrate:
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[0015] On the other hand, ultraviolet radiation having a
wavelength of 180 nm is capable of imparting an energy of
6.89 eV that is large enough to break the C=C bond.
Therefore, the interatomic bonds included in almost all the
organic polymer or molecule can be broken and thus the
organic polymer or molecule can be decomposed.

[0016] Also, the oxygen molecules within the atmosphere
generate excited oxygen atoms O* when exposed to ultra-
violet radiation as shown below:

uv .
20, —= O + O

[0017] The excited oxygen atom O* readily reacts with
each of the atoms and atomic groups broken by irradiation
of the ultraviolet radiation and convert atoms of C, N and H
into molecules of CO,, NO_ and H,O. These molecules are
gaseous and, thus, can be moved from the substrate into the
atmosphere. It follows that these gaseous molecules can be
removed easily by discharging the atmosphere from within
the chamber. Alternatively, the excited oxygen atom is
considered to attack directly the organic polymer so as to
oxidize the particular material and, thus, to generate the
similar gaseous oxide molecules.

[0018] However, the high energy of the ultraviolet radia-
tion having a wavelength shorter than 180 nm may do
damage to the substrate. For example, it is possible for the
particular ultraviolet radiation to decompose even the useful
material contained in the structure below the film of the
organic polymer. For example, if the pigment portion is
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exposed directly to ultraviolet radiation in the color filter
substrate included in a liquid crystal display device, the
pigment portion suffers from a damage such as discoloring.
It should be noted in this connection that a transparent
electrode pattern made of ITO or IZO (Indium-Zinc-Oxide)
is formed on the surface of the pigment portion in the
ordinary color filter substrate. It has been found, however,
that ultraviolet radiation having a wavelength not longer
than 180 nm is scarcely transmitted through the particular
transparent electrode pattern, with the result that the par-
ticular electrode pattern acts as a protective film of the
pigment portion. Thus the method of the present invention
makes it possible to remove easily the polyimide alignment
film on a substrate including a color filter structure.

[0019] On the other hand, the typical array structure as
shown in FIG. 4(a) for a liquid crystal display device is
adversely effected by the directly exposure to ultraviolet
radiation, transistor characteristics of the semiconductor
layer are shifted, and electrification will be occurred in the
gate insulating layer. In particular, TFT characteristics are
changed such as that the gate threshold voltage is decreased
and that the drain off current is increased. As the result,
maintaining the charge at the TFT is leaked to make a white
spot on the display and to lead a poor display quality.
However, an array structure having a polymer film on the
array (it is called as PFA structure or PFA substrate, here-
after) as shown in FIG. 4(b) which has a ITO or IZO film
on the surface of the TFT element may avoid the damage by
exposure to the ultraviolet radiation, because the lower
semiconductor layer can be protected by the ITO or IZO
film. This PFA structure is developed in order to increase the
aperture ratio by the structure having a transparent electri-
cally conductive film which acts a role of a gate line, on the
TFT structure through an organic insulating layer. Therefore,
the removing of the polyimide alignment film on the sub-
strate having PFA structure is easily achieved by the present
invention.

[0020] The thickness of the ITO or IZO film formed on
these substrates is approximately 1500 angstrom to maintain
the high transparency in the visible light but it is sufficient
to shield the ultraviolet radiation having a wavelength of 180
nm or less.

[0021] Furthermore, in light of the above principle, it is
easily understood that the object to be decomposed and
removed is not only polymer but also any organic molecules.
An example of such organic molecules is a contamination
attached on the substrates during manufacturing process.
Thus, the removing method and the apparatus can be applied
to removing a residue of resist composition, a residue after
typical cleaning and a surface contamination in the manu-
facturing process for not only LCD but also microelectronics
or semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 shows the principle utilized in the present
invention.

[0023] FIG. 2 schematically shows a removing apparatus
adapted to work the present invention.

[0024] FIG. 3 is a cross sectional view schematically
showing the structure of a color filter substrate.

[0025] FIG. 4 is a cross sectional view schematically
showing the structure of an array substrates, which are (a) a
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conventional structure of TFT array substrate without a
polymer film and a transparent electrode and (b) a PFA
structure of TFT array substrate having a polymer film and
a transparent electrode.

[0026] FIG. 5 shows spectra denoting the surface XPS
analytical result of a color filter substrate which is being
removed the polyimide film thereon in accordance with the
present invention, showing the cases of (a) before exposing
to ultraviolet radiation, and (b) after exposing to the ultra-
violet radiation.

[0027] FIG. 6 shows graphs denoting the relation between
the gate voltage and the drain current which shows the
change of the TFT characteristics between before and after
exposure to the ultraviolet radiation having a wavelength of
172 nm for (a) the array substrate structure with an ITO film
and a polymer film, and for (b) the array substrate structure
without an ITO film and an polymer film.

[0028] In the present invention, a film of an organic
polymer on a substrate, which should be removed, is
exposed to ultraviolet radiation having a wavelength of 180
nm or less to decompose and remove the film of the organic
polymer.

[0029] FIG. 2 schematically shows an apparatus 100 for
working the present invention. The apparatus 100 comprises
a chamber 101. As shown in the drawing, arranged within
the chamber 101 are ultraviolet radiation emitting device
110, an exposing stage 120 on which a substrate 50 is
mounted so as to permit the substrate 50 to be located at an
exposing position, an ozone filter 130 for removing with
safety the ozone O; generated by the ultraviolet radiation
irradiation, and an ozone sensor 140. Further, it is desirable
to arrange within the chamber 101 a transfer conveyor 150
for transferring the substrate bearing a film of an organic
polymer or an organic compound to be removed into the
chamber 101 and another transfer conveyor 160 for trans-
ferring the substrate having the film of the organic polymer
or the organic compound removed therefrom out of the
chamber 101. It is also desirable to arrange, optionally,
within the chamber 101 a monitor 170 adapted to monitor
the completion of the removal of the organic polymer film
or the organic compound.

[0030] The ultraviolet radiation emitting device 110 useful
in the present invention emits only ultraviolet radiation
having a wavelength of 180 nm or less. The output power of
the device 110, which depends on the kind and thickness of
the organic polymer film or the organic compound to be
removed, should be at least about 4 mW/cm?, preferably at
least about 8 mW/cm?. The ultraviolet radiation emitting
device meeting the particular condition includes, for
example, an “Excimer Lamp” (trade name) available from
Ushio Denki K. K. (Otemachi 2-6-1, Chiyoda-ku, Tokyo)
and Hoya Shot K. K. (Shinjuku 3-23-7, Shinjuku-ku,
Tokyo). The Excimer Lamp emits ultraviolet radiation hav-
ing a wavelength of 172 nm with an output power of 4 to 30
mW/cm?. In addition, it is also possible to use a D2 lamp
(deuterium lamp), an argon lamp, a krypton lamp, etc.

[0031] As shown in chemical formula 2 given previously,
the oxygen molecules within the atmosphere of the chamber
generates ozone together with excited oxygen atoms upon
exposure to ultraviolet radiation. The ultraviolet radiation
having a wavelength of 172 nm which is used in the present
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invention exhibits high energy as described above. Then, it
can be seen that ozone and excited oxygen atoms are
generated in concentration over than 1000 ppm just under
the ultraviolet radiation emitting device, upon emitting in an
atmosphere. This ozone concentration is sufficient enough to
remove any organic compound usually, and an additional
ozone generator will not be necessary to working the subject
invention. As known to the art, ozone is strongly poisonous
and harmful to the human body, making it necessary to
decompose the ozone within the chamber so as to be
converted into a safe substance before the atmosphere within
the chamber is discharged to the outside. It follows that it is
necessary to use the ozone sensor 140 for monitoring the
ozone concentration within the chamber and the ozone filter
130 for disposing of the ozone with safety. A known ozone
sensor and a known ozone filter can be used in the present
invention. It is also necessary to seal sufficiently the cham-
ber 101 in order to prevent the ozone from leaking to the
outside of the chamber 101. On the other hand, it should be
noted that oxygen molecules within the atmosphere of the
chamber 101 are consumed during removal of the organic
polymer film or the organic compound to be removed so as
to increase the oxide compounds formed by the decompo-
sition such as CO,, NO, and H,O, making it necessary to use
a suction-discharge means (not shown) to maintain constant
the atmosphere within the chamber.

[0032] The exposing stage 120 for transferring and sup-
porting the substrate and the carry in conveyor 150 and the
carry out conveyor 160 are known to the art. The exposing
stage 120 includes an X-Y stage and a Z-stage that can be
moved in the horizontal and vertical directions and can be
fixed at a suitable position for setting the exposing position.

[0033] A heater adapted to heat the substrate can be used
optionally. The rate of removing the organic compound is
accelerated around three times if the substrate is heated at a
temperature of 100-120 degrees C. As the heater, hot plate
or electric heating wire combined with the exposing stage in
order to control the temperature at a surface of the exposing
stage where the substrate is placed, may be useful. And, the
chamber with a heater and a temperature controller in order
to control the temperature in the chamber entirely may be
also useful.

[0034] The monitor 170 may be, for example, of the type
that irradiates the surface of the substrate with an electro-
magnetic radiation such as an infrared ray so as to obtain the
information of the substrate surface by the spectrum of the
reflected radiation or the scattered radiation, or the type that
is designed to measure the concentrations within the cham-
ber of the substances such as CO, and NO,, which are
formed as a result of decomposition of the film of the organic
polymer or the organic compound upon exposure to ultra-
violet radiation. Since exposure of the substrate to an
excessive amount of ultraviolet radiation may cause an
undesirable damage to the substrate, it is desirable to finish
the exposure at the time when the film of the organic
polymer has been removed completely. For that purpose, it
is possible to design the apparatus to transmit a signal to the
emitting device 110 to finish the emission when the monitor
170 has detected the completion of the removal.

[0035] TInstead of the monitor mentioned above, a pho-
tometer which indicates a dose emitted by the ultraviolet
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emitting device can be provided. In this situation, the
exposing duration is determined by the total doses of the
ultraviolet radiation.

[0036] The present invention is useful for particularly the
reworking of the substrate that includes the removal of the
polyimide alignment film on the color filter substrate for a
liquid crystal display device. Although manufacture of a
color filter substrate is described herein as an example, it
may be of no difficulty for those skilled in the art to
understand that the technical idea of the present invention
can also be applied to the removal of a film of an organic
polymer on another substrate.

[0037] FIG. 3 shows the structure of a typical color filter
substrate for a liquid crystal display device. As shown in the
drawing, the color filter substrate includes a transparent
substrate. A black matrix (BM) pattern and a pigment
portion are formed on the substrate. Further, a layer of a
transparent conductive oxide such as ITO or IZO is formed
as a transparent electrode on the pigment portion. The
thickness of the transparent conductive oxide layer, which
depends on the parameters such as the conductivity and
transmittance required for the color filter substrate, should
be at least several hundred angstroms, in general about 1300
to 1700 A.

[0038] An alignment film is formed on the color filter
substrate. A film of an organic polymer such as a polyimide
resin is used as the alignment film, which is formed on the
entire surface of the substrate by printing or spin coating.
The film of the organic polymer has a thickness of up to
about 1000 A, in general about 600 to about 800 A. The film
of the organic polymer formed on the substrate surface is
baked and, then, an aligning process such as rubbing or an
energy beam irradiation is applied to the baked film so as to
prepare an alignment film. The resultant alignment film is
carried out a visual observation by the naked eye or an
automatic optical inspecting tool to detect any defect such as
a defective printing, an existence of a foreign matter, a
scratch or peeling. Where a defect has been detected in the
alignment film, the color filter substrate itself including the
defective alignment film is transferred to the reworking
process as a defective substrate. The reworking process
comprises the steps of removing the defective alignment
film from the color filter substrate and forming an alignment
film again.

[0039] In the present invention, the defective alignment
film is removed from the color filter substrate by using an
apparatus 100 for removing a film of an organic polymer. In
the first step, the defective substrate 50 is transferred into the
chamber 101. The carry in conveyor 150 can be used for
transference. The transferred substrate 50 is settled to the
exposing stage 120, followed by determining the horizontal
position to permit the substrate 50 to be positioned within a
suitable exposing range, for instance about 5 mm or less,
preferably about 1-2 mm. Further, the vertical position is
determined to permit the substrate 50 to be positioned at a
suitable exposing distance. After the horizontal and vertical
positions are finely adjusted to permit the substrate 50 to be
at a suitable exposing position, the position of the substrate
50 is fixed.

[0040] In the next step, ultraviolet radiation having a
wavelength of 180 nm or less is emitted from the ultraviolet
radiation emitting device 110 to expose the polyimide align-
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ment film, which is the organic polymer film 60 to be
removed, on the substrate to the ultraviolet radiation. It is
possible to carry out the exposure of the substrate 50 for a
time determined by experience, or it is possible to finish the
irradiation at the time when the removal of the film 60 from
the substrate 50 has been confirmed. The exposing time,
which depends on the parameters such as the kind and
thickness of the organic polymer film to be removed and the
wavelength and output power of the ultraviolet radiation
used for the exposure, is generally of the order of several
minutes to several tens minutes. For example, where a
polyimide resin alignment film having a thickness of about
700 A is removed by exposing to the ultraviolet radiation
having a wavelength of 172 nm (light source illuminance of
8 mW/cm?), the exposure is carried out for about 10 minutes
to about 30 minutes. The ozone generated during the ultra-
violet radiation irradiation is monitored by the ozone sensor
and is disposed of by the ozone; filter. Also, the by-product
gases formed as a result of the decomposition of the organic
polymer film are discharged out of the chamber by a suitable
method.

[0041] When the wultraviolet radiation irradiation is
stopped after removal of the defective alignment film, which
is the film of an organic polymer, from the substrate surface,
the substrate 50 fixed to the exposing stage is released from
the stage, followed by transferring the substrate 50 out of the
chamber 101 by, for example, the carry out conveyor 160.
The polyimide alignment film is completely removed from
the color filter substrate after the irradiation with the ultra-
violet radiation, making it unnecessary to further wash or
rinse the color filter substrate. It should also be noted that,
since the pigment portion is protected by the ITO transparent
conductive film or the IZO transparent conductive film, the
pigment portion does not suffer from a damage such as
discoloring. It follows that the color filter substrate can be
reworked without deterioration.

[0042] The color filter substrate having the defective
alignment film completely removed therefrom can be
reworked by newly forming an alignment film thereon.

EXAMPLE 1

[0043] Prepared was a color filter substrate having ITO
film formed thereon in a thickness of about 1500 A as a
transparent electrode, followed by forming a polyimide film
on the ITO film in a thickness of about 700 A so as to obtain
a sample substrate.

[0044] The sample substrate thus obtained was exposed to
ultraviolet radiation having a wavelength of 172 nm (light
source illuminance of 7.8 mW/cm?) for 30 minuets.

[0045] The surface-of the sample substrate both before
and after the exposure to ultraviolet radiation was measured
by an X-ray photoelectron spectroscopy (XPS), with the
result as shown in FIG. 5. Presence of atoms of-each of C,
N and O was recognized on the surface of the sample
substrate before exposing, as shown in FIG. 5(a), support-
ing that the substrate surface was covered with the polyim-
ide resin. On the other hand, the presence of N was not
recognized on the surface of the sample substrate after
exposing. Also, the presence of In and Sn in addition to O
was newly recognized after exposing, as shown in FIG.
5(b). It is considered reasonable to understand that the
polyimide resin was removed substantially completely by
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exposing to ultraviolet radiation and the underlying ITO film
was exposed to the surface. Incidentally, the signal assigned
to C, which is observed in FIG. 5(b), denotes the ordinary
base level and differs from the signal denoting the presence
of a polyimide resin.

[0046] The surface of the sample substrate after exposing
was observed with an AFM (Atomic Force Microscopy). As
the result, the presence of polyimide resin was not recog-
nized.

[0047] The sample substrate both before and after the
ultraviolet radiation irradiation was examined in respect of
the optical characteristics as a color filter. As the result, the
transmittance and the chromaticity before exposing were
found to be retained after exposing to ultraviolet radiation.

COMPARATIVE EXAMPLE 1

[0048] A sample substrate similar to that used in Example
1 was exposed to ultraviolet radiation having a wavelength
of 254 nm for 30 minutes. In this case, a polyimide resin was
found by a visual observation to have remained on the
substrate sample after exposing to the ultraviolet radiation
having a wavelength of 254 nm. Further, discoloration was
observed in the pigment portion.

EXAMPLE 2

[0049] A polyimide film was newly printed as in Example
1 on the surface of the sample substrate prepared as in
Example 1 after the irradiation with ultraviolet radiation so
as to obtain a reworked substrate. An incomplete printing
such that the newly formed polyimide film is repelled on the
surface of the sample substrate after the irradiation with the
ultraviolet radiation was not observed.

EXAMPLE 3

[0050] A liquid crystal display device was assembled by
using the reworked substrate obtained in Example 2. Also,
the liquid crystal display device thus assembled was sub-
jected to a thermal humidity bearing (THB) test for 300
hours under the temperature of 70° C. and the relative
humidity (RH) of 80%. The display characteristics such as
the display fineness, brightness, gradation, contrast and view
field of the assembled liquid crystal display device both
before and after the THB test were found to be substantially
equal to those of a liquid crystal display device prepared by
using a satisfactory sample substrate which is not a
reworked substrate.

EXAMPLE 4

[0051] A sample substrate similar to that used in Example
1 was exposed to ultraviolet radiation having a wavelength
of 254 nm for 10 minutes with heating and maintaining the
surface temperature of the substrate at around 110 degrees C.
As the result, the presence of polyimide resin was not
observed on the surface of the sample substrate after expos-
ing.

EXAMPLE 5

[0052] Prepared was a PFA substrate having an ITO film
thereon in a thickness of about 1500 as a transparent
electrode so as to obtain a sample substrate. The sample
substrate was exposed to ultraviolet radiation having a,
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wavelength of 172 nm (light source illuminance of 7.8
mW/cm?) for 1 minute. The TFT characteristics of the
sample substrate both before and after the exposure to the
ultraviolet radiation was evaluated by measuring the relation
between gate voltage and drain current. The result is shown
in FIG. 6(a). Any changes of the characteristics between
before and after the exposure were not observed.

COMPARATIVE EXAMPLE 2

[0053] An array substrate similar to that used in Example
5 but not having the organic film and the ITO film was
exposed to ultraviolet radiation having a wavelength of 172
nm for 1 minute. The TFT characteristics of the array
substrate without organic and ITO films both before and
after the exposure to the ultraviolet radiation was evaluated
by measuring the relation between gate voltage and drain
current. As shown in FIG. 6(b), the data after exposure
indicate the changes such as lower shift of the gate threshold
voltage and extremely higher drain off current than the data
before exposure.

EXAMPLE 6

[0054] Prepared was a PFA substrate having ITO film
formed thereon in a thickness of about 1500 A as a trans-
parent electrode, followed by forming a polyimide film on
the ITO film in a thickness of about 700 A so as to obtain
a sample substrate. The sample substrate thus obtained was
exposed to ultraviolet radiation having a wavelength of 172
nm (light source illuminance of 7.8 mW/cm?) for 30 min-
utes. The presence of polyimide resin was not observed on
the surface of the sample substrate after exposed. Also, any
changes of the TFT characteristics between before and after
exposure were not observed.

What is claimed is:

1. A method of removing an organic polymer film on a
substrate which comprises exposing the organic polymer
film to ultraviolet radiation having a wavelength of 180 nm
or less.

2. The method according to claim 2, wherein said organic
polymer is decomposed to a volatile compound to be
removed upon the exposure to said ultraviolet radiation.

3. The method according to claim 1 or 2, wherein said
organic polymer is oxidized by an exited oxygen generated
by exposing an oxygen atom in an atmosphere to said
ultraviolet radiation.

4. The method according to claim 1, wherein said organic
polymer film is exposed to said ultraviolet radiation with a
sufficient output power for a sufficient period to decompose
substantially completely the organic polymer film.

5. The method according to claim 1, wherein said organic
polymer film has a C=C bond.

6. The method according to claim 5, wherein said organic
polymer film comprises polyimide.

7. The method according to claim 1, further comprising
heating the substrate.

8. The method according to claim 7, wherein the tem-
perature of said substrate is 100-120 degrees C.

9. The method according to claim 1, wherein said sub-
strate is a color filter substrate having a pigment portion
having a transparent electrode pattern formed thereon.

10. The method according to claim 9, wherein said
transparent electrode pattern comprises a material selected
from the group consisting of ITO and IZO.
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11. The method according to claim 9 or 10, wherein said
organic polymer film is an alignment film.
12. A method of manufacturing a substrate, comprising:

preparing a substrate including a transparent electrode
pattern formed on the surface thereof;

attaching a first organic polymer film on said substrate;

exposing said first organic polymer film to ultraviolet
radiation having a wavelength that is not transmitted
through said transparent electrode pattern so as to
remove said first organic film from said substrate; and

attaching a second organic polymer film to the substrate

from which said first organic film has been removed.

13. The method according to claim 12, wherein said
ultraviolet radiation does not include wavelength longer than
180 nm.

14. The method according to claim 12, wherein said first
organic polymer film is exposed to said ultraviolet radiation
in said removing step with an output power of the ultraviolet
radiation and the exposure time set sufficient for removing
substantially completely the first organic polymer film.

15. The method according to claim 12, wherein said first
organic polymer film comprises polyimide.

16. A liquid crystal display device, comprising a substrate
prepared by any one of the method defined in claims 12 to
15.
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17. An apparatus for removing an organic compound on
a substrate comprising:

a chamber adapted to maintain a predetermined atmo-
sphere;

a stage adapted to hold the substrate thereon;

a light source adapted to generate ultraviolet radiation
having a wavelength of 180 nm or less; and

an ozone filter and an ozone sensor adapted to dispose of
ozone generated by said ultraviolet radiation; and

a heater adapted to heat the substrate.

18. The apparatus according to claim 17, further com-
prising a monitor adapted to detect the substantially com-
plete removal of the organic compound film from the
substrate.

19. A method of removing an organic compound on an
array substrate with a transparent electrically conductive
film formed thereon, which comprises exposing the organic
compound to ultraviolet radiation having a wavelength of
180 nm or less.



