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METHOD FOR CORRECTING DEFECTS ON COLOR FILTER

2 6 JUN 2000

BACKGROUND OF THE INVENTION

The present inventlon relates to a method for
corraating protruding defects or vhite or blaak defects on
a color filter, which ocour during a process to manufacture
a8 color filter for liquid erystal display apparatus.

Referring to Fig. 6, desoription will ba given balow
‘on an example of a mathod for manufacturing a colox filter.
. On a transparent eubstrate 2 such as a glass plate, a
light-shielding layey BM comprising striped pattern with
line width of 20 fm, pitah of 80 fm, and £ilm thickness of
about 0.5 fim is formsd by screen printing. Next, on the
light-shialding layer, a red colorant sensjitive material R
is coated. Then, a photo mask is placed and light
exposure is performad. Next, a green patté:n layer and a
blue pattern layer are formed by the same procedure. Both
longitudinal sides of each color pattern layer are
overlapped on the light-~shielding layer RM fo¥ a length of
sbout 10 fm, and the film thicknese is about 2 im. Next,
with the puxpose of achieving physico-chemical protection,
and of evenly adjusting and f£lattening the suyrface, a
photo~curing resin is coated on the color pattern layey,
and a protective film layer OP is formed in f£ilm thickness
of about 2 - 3 fim. Furthexr, a £ilm of it;di.m tin oxide
{(IT0) is formed on the protective layer by vaocuum film
forming method, and electrode pattern is fabricated by mask

deposition method, etohing method, et¢., and a transparent
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electrode layer is forxmed to prepare a aolor filter.

In the process to manufaoture the color f£ilter as
desczribed mbove, forelgn objacts “a” auch as dust are
intermingled in the coating process to coat color senaitive
matexial as shown in Fig. 6. If these objects remain on
the color pattexn layers R, G ox B or foraign objacts such
as dust are attached on the murface of the color pattern
layer, protruding defects “"b” may ba formed on the portions
‘aorpesponding to the foreign objects such as dust when the
protective layer OP is formed on the aolor pattern layer.
Also, when dust is attached on the photommszk, white defects
“a” may ocour on the coloxr pattern layer or black defects
may be generated en the light-shielding layexr BM. Such
defeots may impair orientation of liquid orystals in liquid
crystal cells, which axe provided on the surface of tha
coloxr filter, or may lead to dafects in the images taken or
displayed, and the products produced using the color filter
may become dafeative. In the past, as described in JP=A~-
3-274504 or JP-A~9-184910, methoda have baen proposed to
coat a colorant sensitive material after outting the
defective portion off and to remove it using the lasex beam

in oxder to correct the above defeots.

SUMMARY OF THE INVENYTION
Hovevex, aocordinq to the aonventional method fox
correoting defects as described above, it is difficult to
£11l ink to aarners when the corrective ink is dropped to

the upper surface because almost the entire ragion of
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picture element is cut in rectangular shape, and void

patches or unavenly colored portions are likely to ocour,
Also, the gquantity of the colorant to be removed is higher
than the case when only the portion near the defeots are
cut off. As a result, colorunt materials are splashed to
the surrounding regions, and these may cause new defects.
Further, in casa the hue of the corrective ink is different
by approximately one picture element from the hue of
colorant picture element, defecta axve very likely to ococur
dye to coloxr difference. As a result, the pexcentage of
acceptable products after aorreation may be low.

To solve tha above problems, it is an ocbject of the
present invention to provide a method for correcting
defects on a color filter, by which it is pomsible to
corract all of protruding defects, white defects and black
defeats, which are genorated in the process to manufactuxe
color f£ilter and to extensively improve the percentage of
high quality produots.

To attain the above objeot, the invention of claim 1
provides a method for correcting defeaots on a colox filter,
vhich comprises the steps of setting a diameter of a laser
boam in a cirounlar coxrrecting region inaluding dafeative
portion, or moze preferably, in a clroular coxrrecting
reglion compyising a circle which oirocumscribes the
defective portion in order to ensure better permeation of
liguid and better diffusion, and to prevent uneven coloxing
due to insufficient flow of the liquid when the defective

portion on the aolox filter is removed by irradiation of
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the laser beam, dropping a corrective ink to upper surface

of the circular correcting region by an ink jet unit so
that the ink is formed in spherical shape after the
agircular coryecting reglon has been removed, and hardening
and shrinking the correative ink by an ink hardenex
thereafter sc that variation of film thickness in the
ciroular coxrecting xegion can be controllad within 0.1 #m.

The invention acaording to claim 2 provides a method
for corracting defeﬁfs on a colox filter, said method
comprising the step of satbing a diamater of a laser beam
on a cireular co:xecéing region including defective portion
whon the defective portion on the color filter is removed
by irradiation of the laser beam, and depositing a metal
£ilm of more than 1000 angstrom in thickness by laser CVD
method on the aircular correcting region after the circular
correcting region has been removed so that back light can
be completely shielded.

According to the present invention, it is possible to
easily coxrect all of protruding defects, white defects and
black defeots caused in the process for manufacturing the
color filtex, and alse to extenaively improve the
percentage of high quality products., Further, according
to the invention of alaim 1, ink ean be dropped by
selecting ink color depending on the defeative region by
the ink jet unit, For example, in case the corracting
ragion is a green pattern layer, a green corxeative ink can
be dropped. As a result, defeats on the green pattern

portion can be easily corzetted without resulting in uneven
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coloring.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram to explain an example of a
method for correcting defeats on a color filter accoxding
to the pregent invention; _

Fig. 2 is a drawing to explain setting of a diameter
of laser beam in the arrangement shown in Fig. 1;

Fig. 3 ropresents drawings to axplain Example 1 shown
in Fig. 1;

Fig. 4 represents drawings to explain Example 2 shown
in Fig. 1;

Fig. b xepresents drawings to explain a comparative
example sghown in Fig, 1; and

Fig. 6 is an enlarged sectional view to explain a

defect on a coloxr filtex.

DETAILED DESCRIPTION OF THE PREVERRED EMBODIMENTS

Desa;iption will be given balow on embodiments of the
prosent invention xeferring to the drawings. Fig, 1 is a
block diagram to explain an example of a method fox
correcting defoects on a ocolon filtex acaording to the
present invention.

In Mg. 1, a subst':rate 2, which has a colox pattexn
ilayer as described above formed on it, is placed on an XY6
stage (substrate moving staga) 1. This x¥8 stage can be

moved along XY plane and at a tilt angle € by a driving
mechanism 3. A defect detecting wnit 4 is a device for
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checking defects on a color filtar as describad abeve. A

CCD aamera B takes an image of the subatyate 2 via an
ohject:l.ve. lens 6, a semitranspaxent mirror 7 and an image
forming lens 8, The data of the image thus taken ism sent
to an image processing unit 9, where the data is binarized
with a presat thresheld, and a defective portion on the
substrate 2 is extracted. The extracted defact
information is displayed on a display 10 for aonfirmation,
and it is sent to An arithmetic unit 11.

A laser irradiation unit 12 {irradiates a lasexr beam to
the defective portion detscted by the defact detecting unit
and it is used to remove ﬂubstanaés which are present '
within that ragion. The laser beam is emitted from a UV
laser oscillator 13 (Y¥AG laser) with output of 15 mj or
more (wavelength: 1067 nm) or with output of 2 m} or more
(wavelength: 533.5 nm), and irradiation enexgy density of
the laser beam is ineoreased or deczeased by a density
adjustexr 14. The diamater of the laser beam is enlargad
by a diameter enlarger 15, and intensity of the laser beam
is equalized, and it enters an opening adjuster 17 via a
mixror 16. The opening adjustexr 17 is provided with a
plurality of moving plates around the opening. By moving
the moving plates using a driving mechanism 18, the
diametexr of the epening 'is adjusted, and the diameter of
the lasex bheam can be adjusted to the value as desired.
That is, as shown in Fig. 2, vhen a defective portion D is
picked up on a piocture element I of a CCD camera, a

diamater “»¥ of the laser beanm is set within a eiroular
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coxrrecting region M, which compriges a aircle
circumscribing the defeative portion D, and its center is
uged as a pesition information of the defective portiaon D.
The ciroular correating region M may be a aizrcle, which

includes the defective portion D, The diamater “r” can be

. changed within the zange of 50 to 150 #m. After the

diameter of the laser baam has been adjusted to a desirad
value by the opening adjuster 17, the laser beam is
protruding to the substrate 2 positioned on the XY@ stage
1 via a mirror 18, an image forming lens 20, the
semitransparent mirror 7 and the objective lens 6.

A dofect correcting unit 21 is 3 device to place and
£ill a pattern layexr into a poxtion, from where the
substanaces have been removed by the laser irradiating unit

12, and it is provided with an ink discharge unit 22, a

-driving cirouit 23 for driving the ink dischaxge unit aand

an ink hardener 24. As the ink dischaxge unit 22, a
dispenser oxr an ink jet device may be used. As the method
for dischazrging from the dispenser, a acontipuous discharge
method for continuously discharging the ink or an
intermittent dischazge method for intexmittently
discharging the ink after ink drops are prepared may be
used. As the ink jet unit, there are two types:
continuous type and on-demand type. The former is to
apply an electric field while ink is aontinuously injeoted,
and ink is collected on a oapture dish so that iank is not
acated on the subatrate of the color f£ilter. Accorxding to

the latter, the color £ilter substrate is moved, and ink
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dischayrge ls turned on or off, depending on the position of

the gubstrate. As the ink discharge unit 22 as deseribed
above, it is preferable to use an ink Jet unit, Othex
mothods are that corrective inks oan also be dropped by
laser thermo-fusible transfer method, needle painting
method, and so on. In the following, desaription will be
given by taking an example on the ink jet unit.

The ink jet unit 22 is a device to drep corxeative ink
in four coloxa of red, green, blue and black. The
corrective ink is preferably an ink made of thermo~cuxing
resin or UV-ouring resin with higher surface tension. The
ink harxdener 24 comprises a heating block or a UV~
irradiation spot light source. It is designed in asuch
mannox that the ink jet unit 22 and the ink hardener 24 can
be moved toward the eubstrate 2 by a 1lift mechanism (not
shown) ,

The arithmetio unit 11 transmits an information, whioh
indicatas shape of the defective portiom and its position
to the driving mechanism 18, and drivaes tha opening
adjuster 17 to change the diameter of the laser beam. At
the same time, it drives the XY@ stage 1 and determines
irradiating position of the laser beam. Also, it
transmite signals to the UV laser osw¢illatoxr 15 and the
dn;nsity, adjuster 14 and controls irradiation time, number
or times of irradiation, and irrxadiation anergy denaity.
Signals of ink aolor and ink drop quantity are sent to the
driving airouit 23, and the ink jet unit 22 is controlled.

Next, degcription will be given on Examples 1 and 2
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and comparative example of this embodiment. First,

Example 1 will be described referring to Fig. 3.

Fig. 3 (A) shows a condition where the circular
vorreoting region M including the defective portion of a
green pattern layer G is removed by the laszer bean, In
this example, line width of a light-shielding layar BYM is
20 Um, BM gpaaing is B0 Hm, £ilm thidkness of a coloxed
layer RGB is 1.4 Um, and diameter of the ciroular
correcting region M is 55 fim. Next, green corrective ink
G’ is drapped to the ciroular corraecting xegion M by tha
ink jet unit 22 as shown in Fig. 3 (B), As tha gxeen
corrective ink G’, thermo=curing resin or UV-ouring rasin
i¢ used,

® The following materials were used asg the thermo-curing

resin: .

Bindexr resin: Coepolymer of benzyl mathacrylate and

glycidyl mathacrylate

Multifunctional epoxy resin:

Cresol novolak type epoxy resin

Polyvalent carboxylic aaid: Trimellitic acid

Solvent: Propylene glyacl monomethylether
acetate

@ pigment: C.I.No. Pigment Green 36

¥ pigment: C.I.No. Pigment Yellow 150

| Dispersant: - Solsperse 24000 (manufactured hy
Aviaia)
® A pigment disporsion aomposition having the following

acmponents wae uged as UV-ouring resin:
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Binder resin: Copolymer of methacrylic acid and

benryl methaarylate

Multifunctional monomex:

Trimethylolpropana triacrylate

Photopolymerization initiatox:

Irgacuxe 907 (manufactured by Ciba
Specialty Chemioals)

Solvant: Ethoxyethyl propilonate

G pigment: C.I.No. Pigment Green 36

¥ pigment: C.I.No, Pigment Yellow 150

Diapersant: Solsperse 24000 (manufactured by

Avicia)

Discharge quantity (volume) of this ink was 4 drops at
the :l:‘a.te of 20 PI/drop. That is, ink drops of 80 PI were
dropped 80 that the ink is formed in spherical shape on
upper- surface of the ciroular correating xegion (Fig. 3
(B)). Finally, when the corrective ink G’ was hardened
using the ink hardener 24, the corractive ink 6’ was shrunk
20 shown in Fig. 3 (C), and the airocular corxrrecting region
M wae filled and corrected to ba flush. YThus, it is
poesible to equalize variation in film thickness to 0.1 im,
and unevenness of aolor can also be corrected almost to the
level auitable for practical use.

In acase of thermo-auring resin, when the corrective
ink G’ is hardened, baking wae performed at 220°C fox 10
minutes on tha haating block. By this heating, the
spherically swollen form of ink by 5 im higher than the
uppex surfaca of the surrounding portion after ink dropping
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was reduced to a form of a concave lens by 0.05fm lowex
than the uppex surface of the surrounding portion. In
came of UV-curing resin, ultraviolet ray was irradiated by
spot irradiation of 1000 mj/en®, and baking was performed
at 200°C for 30 minutes on the heating block, By this
heating, the spherically swollen form of ink by 5 fim
higher than the upper surfane of the gurrounding portien
was turaed to a foxm of a convex lens which was by 0.09 /inm
higher than the upper surface of the surrounding poxtion.
Next, Example 2 will be described referring to Fig. 4.
Fig. 4 (A) shows a red pattern layer R. A protruding
defoctiva porti.on D is’'praesent vhere the gize of picture
element is 100 x 300 /Um, and £ilm thiockness is 1 #m. Fig.
4 (B) shows a condition where the circular correcting
region M including the defective porxtion D ia removed by
the laser beam. Diametexr of the cirxcular ocorxecting
region M is 60 m. Next, red corrective ink R’ is dropped
to the ciroular correcting region M by the ink jet unit 22
as ghown in Fig, 4 (C). As the xad corractive ink R/,
thermo~curing resin is used.
@® The following substances were used as tha thexmo-
.cuz.tng rapin:
Binder resin: Copolymexr of benxyl methacrylute and
glyoidyl methacrylate
Multifunational epoxy xeain:
Cresol novolak type epoxy reain
Polyvalent carboxylic acid:
Trimellitic acid
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Solvent: Propylene glycol monomethylether
acetate
R pigment: C.I.No. Pigment Red 254
¥ pigment: C.I.No. Pigment Yellow 139

Disparsant: Solsperse 24000 (manufactured by
Aviaia)

Discharge quantity (volume) of this ink was 4 drops at
the rate of 20 PI/drap. That is, ink drops of 80 PI were
dropped, and the ink was turned to a spheriaally swollen
form by B i{m highey than the upper surface of the oiroular
acoxrecting region M (Fig. 4 (C)). Finally, baking was
parformed at 220°C for 10 minutes on the heating bloak. By
this heating, a spherically swollen poxtion by 5 iUm highexz
than the upper surfage of the surrounding portion formed
after dropping of tha ink was turned to a form of a concave
lens by 0.9 /[m lower than the upper surfaoe of the
surrounding porxtion (Fig. 4 (D)). Beoause the corractive
ink having the same hue as thea red pattern layer R was
f£illed, thera was almost no difference of colox on the
coxxected poxtion.

Next, the comparative example will be described
referxring to Fig, 5, In the game manunexr as in Example 2
shown in Fig. 4 (R), correction was carried out on the xed
pattern layer R where a protruding dafective portion D was
present with size of the picture alament 100 x 300 (m and
£ilm thicknasms of 1 /.lu'u As shown in Fig. 5 (A), a mask
with reaotangular opening was placed, and a coxreating

region M’ including the dafective poxtion D was removed by
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the laser beam. The size of tha portion to be removed wasa

100 x 300 fim, and this approximately corresponded to one
picture element:, Next, to the coxreoting region M’ of the
portion te be removed, a rad correative ink R’ which was
the sama corrective ink as in Example 2 was dropped by the
same procedure as in Example 2, As sghown in Fig. § (B}, a
portion not filled with ink (ink-lacking portion) X was
generated at each of four corners of the reatangular
correcting region M’', Next, when baking was carried out
by the same prosedure as in Example 2, a void portion C or
unevenly oolored portion C!' due to insufficient £ilm
thickness was found as shown in Fig. 5 (C).

Next, description will be given on another embodiment
of the present invention., In the above embodiment, the
dafect correcting unit 21 comprises an ink jet unit 22, a
driving circuit 23, and an ink hardener 24. In tha
prasant embodiment, however, instead of the defect
correcting unit, a device based on the laser CVD method is
used, and a metal £ilm of light-shielding £ilm BM, which
has chromium or tungsten ag the main components such as
‘cx (co);, W(ct_)), ¢ is depeosited by vacuum evapoxation in
thickness of 1000 angstxom or more. According to this
method, similarly to the case of the defeat correcting unit
21, the substances in the circular correcting region M
detacted by the information transmitted £rom the arithmetic
unit 11 are removed, and the metal £ilm of the light-
shialding £ilm BM is deposited on the circular correocting

ragio.n M. Am a result, back light can be complately
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shielded, Even when the circular correcting veglon ig a

colox pattexn layer, the metal £ilm of the light-~ghielding
£ilm BM iB deposited. No problem ocacurs in the produced
color filter, and not only black defeats but also
protruding defeats or white defeats on the color pattern
layey can be ¢correated. When the device based on the
laser CVD mothod is usad, the thiakness of the matal £ilm
to be deposited can be adjusted, and it is possible to form

a color pattern layer with no wvariation in £ilm thicknass.
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WHAT XS CLAIMED IS:

1. A method fox correcting defects on a color filter,
comprising the ateps of setting a diamater of a laser beam
on a ciraular coxraecting region including a defective

‘portion when tha defective portion of a color filtex is
removed by irradiation of the lasexr beam, dropping a
doryective ink to upper surface of the cireular correcting
region by an ink jet unit after the circular correcting
region has been removed, and hardening and shrinking the
corractive ink by an ink hardener thereafter.

2. A method for correcting dafeats on a color filter,
comprising the steps of setting a diameter of a laser beam
on a cixcular correcting region including a dafecti;re
poxtion when the defeotive portion of a colox filter is
removed by irradiation of the laser beam, and depositing a
metal £ilm by laser CVD method to the clrcular cozrecting
region aftexr the cirecular correcting region has been
removed.

3. A method for coxrecting defeota on a coloxr filtex
aocording to claim 2, wherein the metal film to be
deposited by the lasex CVD method contains chromium ox
tungsten as main components.

4. A mothod for coxrecting defeats on a coleor filtex

- ascoxding to alaim 2 or 3, wherein the defective portion to

ba removed by irradiat:i.on.of the laser beam is a black

defect.



