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(57 ABSTRACT

A method for manufacturing a liquid crystal display device
includes the steps of combining a first substrate and a second
substrate between which a liquid crystal layer is to be held,
and forming a functional member directly on a surface of the
first substrate opposite to the side holding the liquid crystal
layer.
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METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2009-252508 filed in the Japan
Patent Office on Nov. 3, 2009, the entire contents of which are
hereby incorporated by reference.

BACKGROUND

[0002] The present application relates to methods for
manufacturing a liquid crystal display device, and particu-
larly to a method including the step of combining a pair of
substrates to hold a liquid crystal layer therebetween.

[0003] For example, Japanese Unexamined Patent Appli-
cation Publication No. 2004-206089 discloses a method for
manufacturing a liquid crystal display device including the
step of combining a pair of substrates to hold a liquid crystal
layer therebetween.

[0004] In Japanese Unexamined Patent Application Publi-
cation No. 2004-206089, a liquid crystal display device is
disclosed which includes a TFT substrate having thin film
transistors (TFTs), a counter substrate (color filter (CF) sub-
strate) opposing the TFT substrate, and a liquid crystal layer
disposed between the TFT substrate and the counter sub-
strate. A polarizer is disposed on the surface of the counter
substrate opposite to the liquid crystal layer. Furthermore, a
parallax barrier is disposed for displaying a three-dimen-
sional (3-D) image or two different images on the surface of
the polarizer opposite to the counter substrate. The parallax
barrier includes a parallax barrier substrate and a parallax
barrier aperture array (parallax barrier pattern) having a plu-
rality of slits therein and disposed on the surface of the par-
allax barrier substrate. Although it is not clearly described in
Japanese Unexamined Patent Application Publication No.
2004-206089, the polarizer and the parallax barrier aperture
array may be bonded together with an adhesive layer therebe-
tween.

SUMMARY

[0005] In this liquid crystal display device, however, when
the polarizer and the parallax barrier aperture array are
bonded together with an adhesive layer therebetween, foreign
matter can be trapped between the polarizer and the parallax
barrier aperture array. Consequently, the yield of the liquid
crystal display device can be undesirably reduced.

[0006] Accordingly, it is desirable to provide a method for
manufacturing a liquid crystal display device preventing the
reduction in yield.

[0007] According to an embodiment, there is provided a
method for manufacturing a liquid crystal display device
including the steps of combining a first substrate and a second
substrate between which a liquid crystal layer is to be held,
and forming a functional member directly on a surface of the
first substrate opposite to the side holding the liquid crystal
layer.

[0008] By forming the functional member directly on the
surface of one of the substrates opposite to the side holding
the liquid crystal layer, foreign matter can be prevented from
being trapped between the substrate and the functional mem-
ber, unlike the case where the functional member is bonded to
the surface of the substrate with an adhesive layer therebe-

May 5, 2011

tween. Consequently, the reduction of the yield of the liquid
crystal display device can be prevented.

[0009] Preferably, the functional member includes a paral-
lax barrier pattern or a touch panel pattern, and the parallax
barrier pattern or the touch panel pattern is formed directly on
the surface of the first substrate opposite to the side holding
the liquid crystal layer. This structure can prevent foreign
matter from being trapped between the substrate and the
parallax barrier pattern or the touch panel pattern, unlike the
case where the parallax barrier pattern or the touch panel
pattern is bonded to the surface of the substrate with an
adhesive layer therebetween. Consequently, the reduction of
the yield of the liquid crystal display device can be prevented.

[0010] Preferably, the method further includes the step of
dropping a liquid crystal onto one of the substrates before the
step of forming the functional member. Since the liquid crys-
tal fills the space between the substrates by this step, air is not
trapped between the substrates. Consequently, even if the
substrates are placed in a vacuum or at a high temperature in
the step of forming the functional member, the substrates are
not ruptured by air expanded between the substrates.

[0011] Preferably, the method further includes the step of
reducing the thickness of the first substrate before the step of
forming the functional member. Thus the functional member
can be formed directly on the surface of the first substrate
whose thickness has been reduced to a desired level.

[0012] When the method includes the step of reducing the
thickness, preferably, the method further includes the step of
dropping a liquid crystal onto one of the substrates before the
step of reducing the thickness. Thus the thickness of the first
substrate can be easily reduced with the liquid crystal filling
the space between the first and the second substrate.

[0013] In this instance, preferably, the method further
includes the steps of forming a color filter on the side of the
first substrate holding the liquid crystal layer, and forming a
thin film transistor on the side of the second substrate holding
the liquid crystal layer. The step of reducing the thickness is
performed on the surface of the first substrate opposite to the
side holding the liquid crystal layer. Consequently, the func-
tional member can be formed directly on the surface of the
thinned first substrate opposite to the side holding the liquid
crystal layer. If the functional member includes the parallax
barrier pattern, the distance between the parallax barrier pat-
tern and the color filter can be reduced because the parallax
barrier pattern is formed directly on the surface of the thinned
first substrate having the color filter.

[0014] When the method includes the step of reducing the
thickness, the method may further include the step of drop-
ping aliquid crystal onto one of the substrates before the steps
of reducing the thickness and forming the functional member.
Since the liquid crystal fills the space between the substrates
by this step, air is not trapped between the substrates. Conse-
quently, even if the substrates are placed in a vacuum or at a
high temperature in the step of forming the functional mem-
ber, the substrates are not ruptured by air expanded between
the substrates.

[0015] In this instance, the step of combining the first sub-
strate and the second substrate may be performed after the
step of dropping the liquid crystal and before the step of
reducing the thickness. Thus the substrates can be combined
without trapping air between the substrates. Consequently,
even if the substrates are placed in a vacuum or at a high
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temperature in the step of forming the functional member, the
substrates are not ruptured by air expanded between the sub-
strates.

[0016] When the method includes the step of reducing the
thickness, the method may further include the step of inject-
ing a liquid crystal into a space between the first substrate and
the second substrate after the steps of reducing the thickness
and forming the functional member. Thus the liquid crystal
layer can be easily formed between the substrates having the
functional member by vacuum injection.

[0017] Preferably, the method further includes the steps of
forming a protective film on a surface of the functional mem-
ber, and disposing a polarizer on a surface of the protective
film. Since the functional member is covered with the protec-
tive film, the functional member can be prevented from com-
ing into direct contact with the polarizer.

[0018] Preferably, the functional member is formed by
sputtering or vapor deposition. Thus the functional member
can be easily formed directly on the surface of the first sub-
strate opposite to the side holding the liquid crystal layer.
[0019] Inthisinstance, the functional member is preferably
a parallax barrier pattern, and the step of forming the func-
tional member is performed by forming a parallax barrier
layer on the surface of the first substrate opposite to the side
holding the liquid crystal layer by sputtering or vapor depo-
sition, and patterning the parallax barrier layer into the par-
allax barrier pattern. Thus the parallax barrier pattern can be
easily formed directly on the surface of the first substrate
opposite to the side holding the liquid crystal layer.

[0020] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0021] FIG. 1 is a sectional view of a liquid crystal panel
having a parallax barrier pattern, according to a first embodi-
ment;

[0022] FIG. 2 is a plan view of the parallax barrier pattern
shown in FIG. 1;

[0023] FIG. 3 is a fragmentary sectional view showing a
single pixel of the liquid crystal panel;

[0024] FIG. 4 is a flow chart of a manufacturing process of
the liquid crystal panel according to the first embodiment;
[0025] FIG. 5is a sectional view showing the step of form-
ing TFTs in the manufacturing process of the liquid crystal
panel according to the first embodiment;

[0026] FIG. 6is a sectional view showing the step of form-
ing color filters in the manufacturing process of the liquid
crystal panel according to the first embodiment;

[0027] FIG.71isarepresentation of an ODF method (step of
dropping a liquid crystal) in the manufacturing process of the
liquid crystal panel according to the first embodiment;
[0028] FIG. 8is arepresentation of an ODF method (step of
combining substrates in a vacuum) in the manufacturing pro-
cess of the liquid crystal panel according to the first embodi-
ment;

[0029] FIG. 9 is a representation of the step of reducing a
thickness in the manufacturing process of the liquid crystal
panel according to the first embodiment;

[0030] FIG. 10 is a representation of the step of reducing
the thickness in the manufacturing process of the liquid crys-
tal panel according to the first embodiment;
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[0031] FIG. 11 is a sectional view showing the step of
forming a parallax barrier layer in the manufacturing process
of the liquid crystal panel according to the first embodiment;
[0032] FIG. 12 is a sectional view showing the step of
patterning in the manufacturing process of the liquid crystal
panel according to the first embodiment;

[0033] FIG. 13 is a sectional view showing the step of
forming a protective film in the manufacturing process of the
liquid crystal panel according to the first embodiment;
[0034] FIG. 14 is a sectional view showing the step of
cutting in the manufacturing process of the liquid crystal
panel according to the first embodiment;

[0035] FIG. 15is aflow chart of a manufacturing process of
a liquid crystal panel according to a second embodiment;
[0036] FIG. 16 is a representation of the step of combining
substrates in the manufacturing process of the liquid crystal
panel according to the second embodiment;

[0037] FIG. 17 is a representation of the step of combining
substrates in the manufacturing process of the liquid crystal
panel according to the second embodiment;

[0038] FIG. 18 is a representation of the step of injecting
and sealing a liquid crystal in the manufacturing process of
the liquid crystal panel according to the second embodiment;
[0039] FIG. 19 is a representation of the step of injecting
and sealing in the manufacturing process of the liquid crystal
panel according to the second embodiment;

[0040] FIG. 20 is a sectional view of a liquid crystal panel
having atouch panel pattern according to a third embodiment;
[0041] FIG. 21 is aflow chart of a manufacturing process of
the liquid crystal panel according to the third embodiment;
[0042] FIG. 22 is a representation of the step of reducing a
thickness in the manufacturing process of the liquid crystal
panel according to the third embodiment;

[0043] FIG. 23 is a representation of the step of reducing
the thickness in the manufacturing process of the liquid crys-
tal panel according to the third embodiment;

[0044] FIG. 24 is a representation of the step of forming a
touch panel pattern in the manufacturing process of the liquid
crystal panel according to the third embodiment;

[0045] FIG. 25 is arepresentation of the step of forming the
touch panel pattern in the manufacturing process of the liquid
crystal panel according to the third embodiment;

[0046] FIG. 26 is arepresentation of the step of forming the
touch panel pattern in the manufacturing process of the liquid
crystal panel according to the third embodiment; and

[0047] FIG. 27 is aflow chart of a manufacturing process of
a liquid crystal panel according to a fourth embodiment;

DETAILED DESCRIPTION

[0048] Embodiments of this application will be described
below with reference to the drawings.

First Embodiment

[0049] A liquid crystal panel 100 according to a first
embodiment will now be described with reference to FIGS. 1
to 3. The liquid crystal panel 100 is one form of the liquid
crystal display device of the present application.

[0050] As shown in FIG. 1, liquid crystal panel 100 of the
present embodiment includes a glass TFT substrate 1 and a
glass color filter (CF) substrate 2 that oppose each other. In the
present embodiment, the CF substrate 2 has a thickness t1 of
about 100 um, and the TFT substrate 1 has a thickness 2 of
about 600 um. Hence, the thickness t1 of the CF substrate 2 is
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smaller than the thickness t2 of the TFT substrate 1. Conse-
quently, the distance between color filters 20 and a parallax
barrier pattern 40 can be small. The TFT substrate 1 is pro-
vided with pixel-selecting thin film transistors (TFTs) 3, pixel
electrodes 4 and a common electrode 5 on the surface thereof.
[0051] As shown in FIG. 3 showing a single pixel of the
panel in detail, the pixel has a gate electrode 6 on the surface
of the TFT substrate 1. The gate electrode 6 and the TFT
substrate 1 is covered with an insulating film 7 including a
gate insulating film 7a made of SiN or Si02. A semiconductor
layer 8 is disposed over the gate electrode 6 with the gate
insulating film 7a therebetween. The semiconductor layer 8
has a double layer structure including a lower a-Si layer and
an upper n-type electroconductive n+ Si layer (not shown
either).

[0052] On the semiconductor layer 8, a source electrode 9
and a drain electrode 10 are formed so as to overlap the gate
electrode 6 when viewed from above. The region of the semi-
conductor layer 8 under the region between the source elec-
trode 9 and the drain electrode 10 acts as a channel region 8a.
Thus the pixel-selecting thin film transistor 3 includes the
gate electrode 6, the gate insulating film 7a, the semiconduc-
tor layer 8, the source electrode 9 and the drain electrode 10.
[0053] The source electrode 9, the drain electrode 10 and
the insulating film 7 are covered with an insulating interlayer
11 madeof, for example, SiN. The insulating interlayer 11 has
a contact hole 11a in the region corresponding to the drain
electrode 10. A planarizing layer 12 made of an organic
material, such as an acrylic resin, is disposed on the surface of
the insulating interlayer 11. The planarizing layer 12 has a
contact hole 12a therein. On the surface of the planarizing
layer 12, a pixel electrode 4 is formed of a transparent mate-
rial, such as [TO (Indium Tin Oxide) or IZO (Indium Zinc
Oxide), and is connected to the drain electrode 10 through the
contact holes 11a and 12a.

[0054] A passivation layer 13 formed of, for example, Si02
or SiN at a low temperature is disposed on the surfaces of the
planarizing layer 12 and the pixel electrode 4. A common
electrode 5 of a transparent material, such as ITO or 1ZO, is
disposed on the surface of the passivation layer 13. The com-
mon electrode 5 has a plurality of openings Sa through which
an electric field is generated between the pixel electrode 4 and
the common electrode 5. An FFS (Fringe Field Switching)
liquid crystal panel 100 is thus provided in which the liquid
crystal is driven by an electric field in the lateral direction
between the pixel electrode 4 and the common electrode 5.
[0055] In addition, an alignment layer 14 made of an
organic material, such as polyimide, is disposed over the
common electrode 5. The alignment layer 14 covers the sur-
face of the common electrode 5, and is in contact with the
passivation layer 13 through the openings 5a of the common
electrode 5. Furthermore, a polarizer 15 is disposed on the
surface in the 72 direction of the TFT substrate 1. An element-
insulating film portion 100« is thus defined by the thin film
transistor 3, the insulating interlayer 11, the planarizing layer
12, the pixel electrode 4, the passivation layer 13, the com-
mon electrode 5 and the alignment layer 14.

[0056] As shown in FIG. 1, red (R), green (G) and blue (B)
color filters 20 are disposed on the surface in the 72 direction
of the CF substrate 2. The liquid crystal panel 100 has a
plurality of pixels 21, and the color filters 20 are provided for
the respective pixels 21.

[0057] Referring to FIG. 3 showing the sectional structure
of the single pixel. a black matrix 22 made of, for example, a
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resin is disposed on the surface in the Z2 direction of the CF
substrate 2. The black matrix 22 lies in a matrix manner onthe
boundary between the pixels 21 when viewed from above.
The color filter 20 is disposed on the surfaces of the CF
substrate 2 and the black matrix 22. The black matrix 22 and
the color filter 20 are covered with an overcoat layer 23 acting
as a protective film. In addition, an alignment layer 24 of an
organic material, such as polyimide, is disposed on the sut-
face of the overcoat layer 23. A resin layer portion 1005 is thus
defined by the color filter 20, the black matrix 22, the overcoat
layer 23 and the alignment layer 24, as shown in FIG. 3.
[0058] As showninFIG. 1, the TFT substrate 1 and the CF
substrate 1 are combined with a sealant 30 therebetween, and
aliquid crystal layer 311s enclosed between the TFT substrate
1 and the CF substrate 1.

[0059] Abacklight 80 is provided to the Z2 direction side of
the TFT substrate 1 so as to emit light in the direction from the
TFT substrate 1 to the CF substrate 2 (in the Z1 direction).
[0060] Inthe firstembodiment, a parallax barrier pattern 40
made of a metal, such as chromium (Cr), aluminum (Al),
silver (Ag), or nickel (Ni), is disposed on the surface in the 71
direction of the CF substrate 2. The parallax barrier pattern 40
is atype ofthe functional member used in the an embodiment.
The parallax barrier pattern 40 has a light-shielding property.
[0061] Also, the parallax barrier pattern 40 is disposed
directly on the surface in the Z1 direction of the CF substrate
2, as shown in FIG. 1. The parallax barrier pattern 40 has
rectangular openings 40a (slits) extending in the Y direction,
as shown in FIG. 2. Light is blocked by the portion of the
parallax barrier pattern 40 lying between the openings 40a. A
protective film 41 made of a transparent resin such as acrylic
resin is disposed over the surface in the Z1 direction of the
parallax barrier pattern 40, as shown in FIG. 1. In the first
embodiment, the surface of the protective film 41 is flat.
Furthermore, a polarizer 42 is disposed on the surface in the
71 direction of the flat protective film 41.

[0062] A manufacturing process of the liquid crystal panel
100 according to the first embodiment will now be described
with reference to FIG. 1 and FIGS. 4 to 14.

[0063] First, in Step S1 shown in FIG. 4 of forming TFTs,
gate electrodes 6 including an Al layer and a Mo layer in that
order from below are formed on the surface of a large mother
TFT substrate 101 by photolithography and etching, as shown
in FIG. 5. An insulating film 7 including a SiN gate insulating
film 7a is formed on the gate electrodes 6 and the mother TFT
substrate 101 by chemical vapor deposition (CVD). Then, a
semiconductor layer 8 having a double layer structure includ-
ing an a-Si layer and an n-type n+ a-Si layer is formed over
each gate electrode 6 with the gate insulating film 7a therebe-
tween by photolithography.

[0064] Subsequently. a source electrode 9 and a drain elec-
trode 10 are formed on the semiconductor layer 8 by depos-
iting a Mo layer, an Al layer and a Mo layer in that order from
below. The source electrode 9 and the drain electrode 10
overlap with the gate electrode 6 and the semiconductor layer
8 when viewed from above, and are electrically connected to
the semiconductor layer 8. Thus thin layer transistors 3 are
formed.

[0065] Subsequently. a SiN insulating interlayer 11 acting
as a protective film is formed by CVD to cover the source
electrode 9, the drain electrode 10 and the insulating film 7.
Then, a planarizing layer 12 is formed of a photosensitive
acrylic resin on the surface of the insulating interlayer 11 by
coating. Pixel electrodes 4 are formed of ITO, IZO, or the like
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on the surface of the planarizing layer 12 by sputtering. Sub-
sequently, a passivation layer 13 is formed of SiO2, SiN, or
the like over the surfaces of the pixel electrodes 4. Then, a
common electrode 5 is formed of ITO, IZO, or the like on the
surface of the passivation layer 13 by sputtering. An align-
ment layer 14 is formed of an organic material such as poly-
imide over the surfaces of the common electrode 5 and the
passivation layer 13 by coating. Step S1 of forming TFTs is
thus completed.

[0066] Turning to Step S2 shown in FIG. 4 of forming color
filters (CFs), a black resign layer is formed over the surface of
a large mother CF substrate 102. The resin layer is etched to
form a black matrix (BM) 22, as shown in F1G. 6. Then, red
(R), green (G) and blue (B) color filters (CFs) 20 are formed
on the surfaces of the mother CF substrate 102 and the black
matrix 22 by photolithography.

[0067] An overcoat layer (OC) 23 is formed to cover the
color filters 20 and the black matrix 22 by coating. In this
instance, the overcoat layer 23 covers substantially entire
surfaces of the black matrix 22 and the color filters 20.
[0068] Analignmentlayer 24 is formed of an organic mate-
rial such as polyimide on the surface of the overcoat layer 23.
Thus the Step S2 of forming color filters is completed.
[0069] Subsequently, an ODF (One Drop Fill) method is
performed. More specifically, in Step S3 shown in FIG. 4, a
sealant 30 is applied onto the surface of the TFT substrate 101
in rectangular shapes as shown in F1G. 7 with a dispenser, and
aliquid crystal 31a is dropped inside the rectangular coatings
of the sealant 30. The TFT substrate 101 and the CF substrate
102 are combined in a vacuum in Step S4 in the ODF method,
thereby forming a combined substrate 110, as shown in FIG.
8.

[0070] Then, in Step S5 shown in FIG. 4, the thickness of
the combined substrate 110 is reduced by etching (chemically
polishing) the surface in the Z1 direction of the CF substrate
102, as shown in FIG. 9. More specifically, a resist layer 60 is
formed on the surface in the 72 direction of the TFT substrate
101 of the combined substrate 110 to prevent this surface
from being etched. Then, the combined substrate 110 is
immersed in a hydrofluoric acid-based etchant in a vessel
150. After a predetermined time has elapsed, the combined
substrate 110 is taken out of the vessel 150. As a result, the
thickness of the CF substrate 102 is reduced to obtain a
thinned CF substrate 102a without reducing the thickness of
the TFT substrate 101, as shown in FIG. 10. In this step, the
thickness of the CF substrate 102 (102¢) is reduced to about
100 pm from about 600 pm.

[0071] Then, in Step S6 shown in FIG. 4, a parallax barrier
layer is formed by depositing a Cr metal layer 130 on the
surface in the Z1 direction of the thinned CF substrate 1024
by sputtering or vapor deposition, as shown in FIG. 11. Sub-
sequently, in Step S7 shown in FIG. 4, a resist pattern is
formed by photolithography on the portion of the metal layer
130 that is to act as the parallax barrier pattern 40. The metal
layer 130 is etched to form openings 40a. and the resist
pattern is removed. Thus the parallax barrier pattern 40 hav-
ing the openings 40a is formed as shown in FIG. 12. Turning
to FIG. 13, a protective film 41 of an acrylic resin is formed
over the surface of the parallax barrier pattern 40 by coating.
Then, in Step S8 shown in FIG. 4, the combined substrate 110
is cut into a plurality of units of the liquid crystal panel 100,
as shown in FIG. 14.

[0072] Subsequently, apolarizer 42 is bonded to the surface
of the protective film 41 of the CF substrate 2 of the unit with
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an adhesive (not shown), as shown in FIG. 1, in Step S9 shown
in FIG. 4. Also, another polarizer 15 is formed on the surface
in the 72 direction of the TFT substrate 1 of the unit with an
adhesive. Subsequently, in Step S10 shown in FIG. 4, other
devices, such as a driver (not shown) driving the liquid crystal
panel 100 and a backlight 80, are provided to the unit. Thus
the liquid crystal panel 100 is completed.

[0073] In the first embodiment, the parallax barrier pattern
40 is disposed directly on the surface of the CF substrate 102
opposite to the side holding the liquid crystal layer 31, as
described above. This structure can prevent foreign matter
from being trapped between the CF substrate 102 and the
parallax barrier pattern 40, unlike the case where, for
example, the parallax barrier pattern 40 is bonded to the
surface of the CF substrate 102 with an adhesive layer ther-
ebetween. Consequently, the reduction of the yield of the
liquid crystal panel 100 can be prevented. If the parallax
barrier pattern 40 is bonded to the CF substrate with an
adhesive layer therebetween, air bubbles as well as foreign
matter may enter the adhesive layer. Such an event does not
occur in the structure of the present embodiment, and the
reduction of the yield of the liquid crystal panel 100 can be
prevented. In addition, the structure of the first embodiment
can prevent the reduction of the yield caused by the adhesive
layer running out of the parallax barrier pattern 40 and dam-
aging, for example, the terminal of the liquid crystal panel
100, or by contamination with a component of the adhesive
layer.

[0074] Furthermore, by forming the parallax barrier pattern
40 directly on the surface of the thinned CF substrate 102
opposite to the side holding the liquid crystal layer 31, the
distance between the parallax barrier pattern 40 and the color
filters 20 can be reduced. Also, unlike the case where the
parallax barrier pattern 40 is bonded to the surface of the CF
substrate with an adhesive layer, it is not necessary to control
the thickness of the adhesive layer. This remarkably enhances
the precision of the distance between the parallax barrier
pattern 40 and the color filters 20.

[0075] Inthe first embodiment, the liquid crystal layer 31 is
disposed between the TFT substrate 101 and the CF substrate
102 by dropping a liquid crystal onto the surface of the TFT
substrate 101, as described above. This can prevent air from
being trapped between the TFT substrate 101 and the CF
substrate 102. Consequently, even if the combined substrate
110 is in a vacuum or at a high temperature in the step of
forming the parallax barrier pattern 40 on the surface of the
CF substrate 102, the combined substrate 110 is not ruptured
by air expanded between the TFT substrate and the CF sub-
strate.

[0076] In the first embodiment, the TFT substrate 101 and
the CF substrate 102 are combined after dropping the liquid
crystal 31a and before reducing the thickness of the CF sub-
strate 102 and forming the parallax barrier pattern 40. This
can prevent air from being trapped between the TFT substrate
101 and the CF substrate 102, as described above. Conse-
quently, even if the combined substrate 110 is in a vacuum or
at a high temperature in the step of forming the parallax
barrier pattern 40, the combined substrate 110 is not ruptured
by air expanded between the TFT substrate and the CF sub-
strate.

[0077] Inthe first embodiment, a resin protective film 41 is
formed on the surface of the parallax barrier pattern 40, and a
polarizer 42 is disposed on the surface of the protective film
41, as described above. Since the resin protective film 41 can
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planarize the surface of the parallax barrier pattern 40, the
polarizer 42 can be formed on the resulting flat surface of the
protective film 41. Consequently, the surface of the polarizer
42 can be prevented from bending. Also, since the parallax
barrier pattern 40 is covered with the protective film 41, the
protective film 41 prevents the polarizer 42 from coming into
direct contact with the parallax barrier pattern 40.

[0078] Inthe first embodiment, the parallax barrier pattern
40 is formed by forming a metal layer 130 on the surface of
the thinned CF substrate 1024 opposite to the side holding the
liquid crystal layer 31 by sputtering and then patterning the
metal layer 130, as described above. This method can easily
form the parallax barrier pattern 40 directly on the surface of
the thinned CF substrate 1024 opposite to the side holding the
liquid crystal layer 31.

Second Embodiment

[0079] A second embodiment will now be described with
reference to FIG. 1 and FIGS. 1510 19. In the second embodi-
ment, the liquid crystal 31a is injected by vacuum injection
after forming the parallax barrier pattern 40 on the surface of
the thinned CF substrate 1024, unlike the first embodiment in
which the liquid crystal 31« is dropped in the ODF method
before forming the parallax barrier pattern 40 on the surface
of the CF substrate 102 and forming the combined substrate
110 in a vacuum in the ODF method. The liquid crystal panel
200 of the second embodiment has the same structure as the
liquid crystal panel 100 of the first embodiment.

[0080] In the manufacturing process of the liquid crystal
panel 200 (see FIG. 1) of the second embodiment, TFTs are
formed on a large mother TFT substrate 101 (see FI1G. 16) in
Step S1 shown in FIG. 15 in the same manner as in the first
embodiment. The liquid crystal panel 200 is one form of the
liquid crystal display device of the present invention. In Step
S2, color filters 20 are formed on a large mother CF substrate
102 (see FI1G. 16) in the same manner as in the first embodi-
ment.

[0081] Then, in Step S11 shown in FIG. 15, a sealant 30 is
applied onto the surface of the TFT substrate 101 with a
dispenser or the like for ensuring a space into which a liquid
crystal 31a is to be injected in a subsequent step. Then, the
TFT substrate 101 and the CF substrate 102 are pressed
together to form a combined substrate 210, as shown in FIG.
17.

[0082] Subsequently, as shown in FIG. 15, the thickness of
the CF substrate 102 is reduced by chemical etching in Step
S5 in the same manner as in the first embodiment. Then, in
Step S6, a parallax barrier layer is formed by depositing a
metal layer 130 on the surface in the 71 direction of the CF
substrate 102 by sputtering or vapor deposition. The metal
layer 130 is patterned by photolithography and etching in
Step S7. Then, the combined substrate 210 is cut into units of
the liquid crystal panel 200 in Step S8.

[0083] In the second embodiment, subsequently, a liquid
crystal 31a is injected and sealed in a step S12. More specifi-
cally, the combined substrate 210 is placed in a vacuum, and
the liquid crystal 31a is injected through a gap in the sealant
30 applied to the combined substrate 210, as shown in FIG.
18. After injecting the liquid crystal 314, the gap in the sealant
30 is sealed with a resin sealing compound 50, as shown in
FIG. 19. Then, a resin flat protective film 41 is formed on the
surface in the Z1 direction of the parallax barrier pattern 40,
as shown in FIG. 1, by coating in the same manner as in the
first embodiment. Then, in Step S9, a polarizer 42 is bonded
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to the surface in the 71 direction of the protective film 41, and
another polarizer 15 is bonded to the surface in the Z2 direc-
tion ofthe TFT substrate 1. Subsequently, other devices, such
as adriver (not shown) driving the liquid crystal panel 200 and
a backlight 80, are provided to the unit in Step S10, and thus
the liquid crystal panel 200 (see FIG. 1) is completed.
[0084] The other steps in the manufacturing process of the
liquid crystal panel 200 of the second embodiment are pet-
formed in the same manner as in the first embodiment.
[0085] In the second embodiment, the liquid crystal 31a is
injected into the combined substrate 210 after reducing the
thickness of the CF substrate 102 and forming the parallax
barrier pattern 40, as described above. Consequently, the
liquid crystal layer 31 can be easily provided in the combined
substrate 210 having the parallax barrier pattern 40 by
vacuum injection.

[0086] The second embodiment can produce the same
effects as the first embodiment in addition to the above effect.

Third Embodiment

[0087] Turning now to FIG. 20, a third embodiment will be
described below. In the third embodiment, the thicknesses of
both the TFT substrate 101 and the CF substrate 102 are
reduced, and atouch panel pattern 70 is formed on the thinned
CF substrate 1024, unlike the first embodiment in which the
parallax barrier pattern 40 is formed on the surface of the
thinned CF substrate 102a. The touch panel pattern 70 is a
type of the functional member used in the an embodiment.
[0088] Inthe liquid crystal panel 300 according to the third
embodiment shown in FIG. 20, the CF substrate 2 has a
thickness t3 of about 100 um, and the TFT substrate 1 has a
thickness t4 of about 100 um. Hence, the CF substrate 1 and
the TFT substrate 1 have the same thickness. A layer (trans-
parent electrode film 71) intended for a direct resistive touch
panel pattern 70 is disposed on the surface in the 71 direction
of the substrate 2. The liquid crystal panel 300 is one form of
the liquid crystal display device of the present invention.
More specifically, the transparent electrode film 71 of a trans-
parent electroconductive material, such as ITO (indium tin
oxide) is disposed on the surface in the Z1 direction of the CF
substrate 2. The transparent electrode film 71 is in a form of
thin film. Also, a flexible transparent substrate 72 is disposed
to the Z1 direction side of the CF substrate 2 so as to oppose
the CF substrate 2. Another transparent electrode film 73 of a
transparent electroconductive material, such as ITO, is dis-
posed on the surface in the 72 direction of the transparent
substrate 72.

[0089] Photosensitive spacers 74 made of, for example, an
acrylic resin are disposed at predetermined intervals on the
surface in the Z1 direction of the transparent electrode film
71. The CF substrate 2 and the transparent substrate 72 are
bonded together with a sealant 75 made of, for example, a
resin. Also, apolarizer 42 is disposed on the surface in the Z1
direction of the transparent substrate 72.

[0090] The touch panel pattern 70 is configured so that not
only the transparent substrate 72 but also the transparent
electrode film 73 is bent by pressing the transparent substrate
72 (polarizer 42). When the transparent electrode films 71 and
73 come into contact with each other, they are electrically
connected at the contact point. By detecting the contact point
with a detector (not shown), the observer can know which
position of the touch panel pattern 70 has been pressed.
[0091] A manufacturing process of the liquid crystal panel
300 according to the third embodiment will now be described
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with reference to FIG. 20 and FIG. 26. In the third embodi-
ment, a process will be described in which the touch panel
pattern 70 is formed on the surface in the Z1 direction of the
thinned CF substrate 102a by an ODF method as in the first
embodiment.

[0092] As shown in FIG. 21, in the third embodiment, the
TFT substrate 101 and the CF substrate 102 are combined to
form a combined substrate 310 shown in FIG. 22 through the
Steps S1 to S4 of forming TFTs, forming color filters, drop-
ping a liquid crystal in an ODF method, and combining the
substrates in a vacuum in the ODF method, as in the first
embodiment. The combined substrate 310 is immersed in a
hydrofluoric acid-based etchant in a vessel 150 in Step S21, as
shown in FIG. 22. After a predetermined time has elapsed, the
combined substrate 310 is taken out of the vessel 150. As a
result, the thicknesses of the TFT substrate 101 and the CF
substrate 102 are reduced to obtain a thinned TFT substrate
101¢ and a thinned CF substrate 1024, as shownin F1IG.23.1n
this step, the thicknesses of the TFT substrate 101 (101a) and
the CF substrate 102 (102a) are each reduced to about 100 pm
from about 600 pum.

[0093] In the third embodiment, a touch panel pattern is
then formed in Step S22 shown in FIG. 21. More specifically,
a transparent electroconductive layer for the transparent elec-
trode film 71 is deposited directly on the surface in the Z1
direction of the thinned CF substrate 1024 by sputtering or
vapor deposition, as shown in FIG. 24. The transparent elec-
troconductive layer is patterned so as to correspond to a
plurality of liquid crystal panels 300 by photolithography and
etching to form transparent electrode films 71. Then, spacers
74 are formed of, for example, a resin at predetermined inter-
vals on the surfaces of the transparent electrode films 71 by
photolithography. Also, a sealant 75 is applied on the surface
in the 71 direction of the thinned CF substrate 102a for
bonding the CF substrate 1024 and the transparent substrate
72 together. Further, transparent electrode films 73 are
formed on the surface in the Z2 direction of the transparent
substrate 72 by sputtering or vapor deposition, as shown in
FIG. 25. Turning to FIG. 26, the CF substrate 102a and the
surface in the Z2 direction of the transparent substrate 72 are
bonded together with the sealant 75 therebetween, thereby
forming the touch panel pattern 70. Subsequently, as shown in
FIG. 21, the resulting structure is worked into liquid crystal
panels 300 shown in FIG. 20 through cutting in Step S8,
bonding a polarizer in Step S9 and assembling modules in
Step S10, as in the first embodiment.

[0094] The other steps in the manufacturing process of the
liquid crystal panel 300 of the third embodiment are per-
formed in the same manner as in the first embodiment.
[0095] In the third embodiment, the touch panel pattern 70
is disposed directly on the surface of the CF substrate 102
opposite to the side holding the liquid crystal layer 31, as
described above. This structure can prevent foreign matter
from being trapped between the CF substrate 102 and the
touch panel pattern 70, unlike the case where, for example,
the touch panel pattern 70 is bonded to the surface of the CF
substrate 102 with an adhesive layer therebetween. Conse-
quently, the reduction of the yield of the liquid crystal panel
300 can be prevented.

[0096] The third embodiment can produce the same effects
as the first embodiment in addition to the above effect.

Fourth Embodiment

[0097] A fourth embodiment will now be described with
reference to FIGS. 16 and 17 and FIGS. 20 to 27. In the fourth
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embodiment, a liquid crystal 31a is injected after the touch
panel pattern 70 has been formed on the surface of the CF
substrate 102 by vacuum injection used in the second embodi-
ment, unlike the third embodiment in which the combined
substrate 310 is formed by combining the substrates in a
vacuum in the ODF method after dropping a liquid crystal in
the ODF method, before the touch panel pattern 70 is formed
on the surface of the CF substrate 102. The liquid crystal
panel of the fourth embodiment has the same structure as the
liquid crystal panel 300 of the third embodiment.

[0098] In the manufacturing process of the liquid crystal
panel 400 (see FIG. 20) according to the fourth embodiment,
TFTs are formed on a large mother TFT substrate 101 in Step
S1, as in the third embodiment, and color filters are formed on
a large mother CF substrate 102 in Step S2, as shown in FIG.
27.

[0099] Turning to Step S11, a combined substrate 410
shown in FIG. 17 is prepared by applying a sealant 30 over the
CF substrate 101 as shown in FIG. 16 and pressing the CF
substrate 101 and the TFT substrate 102 together in the same
manner as in the second embodiment. Subsequently, the
thicknesses of the TF'T substrate 101 and the CF substrate 102
of the combined substrate 410 are reduced in Step S21 by
chemical etching in the same manner as in the third embodi-
ment. Turning to Step S22, the touch panel pattern 70 is
formed directly on the thinned CF substrate 1024 by sputter-
ing or vapor deposition. The combined substrate 410 having
the touch panel pattern 70 is cut into units of the liquid crystal
panel 400 in Step S8§.

[0100] Then, in Step S12, aliquid crystal is injected into the
combined substrate 410 by vacuum injection in the same
manner as in the second embodiment. The inlet for the liquid
crystal of the combined substrate 410 is sealed with a resin
sealing compound by photolithography. Then, a polarizer 42
is bonded to the surface of the touch panel pattern 70 with an
adhesive in Step S9 in the same manner as in the third embodi-
ment. Subsequently, other devices, such as a driver (not
shown) driving the liquid crystal panel 400 and a backlight
80, are provided to the unit in Step S10, and thus the liquid
crystal panel 400 is completed as shown in FIG. 20.

[0101] In the fourth embodiment, the liquid crystal 31a is
injected into the combined substrate 410 after reducing the
thickness of the CF substrate 102 and forming the touch panel
pattern 70, as described above. Consequently, the liquid crys-
tal layer 31 can be easily provided in the combined substrate
410 having the touch panel pattern 70 by vacuum injection.
[0102] The fourth embodiment can produce the same
effects as the third embodiment in addition to the above
effect.

[0103] Whilethe present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the invention is specified in the
appended claims, and various modifications may be made
within the scope and spirit equivalent to the claims.

[0104] For example, the parallax barrier pattern or the
touch panel pattern is not typically disposed on the surface of
the CF substrate opposite to the liquid crystal layer, unlike the
structures of the first to fourth embodiments. The parallax
barrier pattern or the touch panel pattern may be disposed
directly on the surface of the TFT substrate opposite to the
liquid crystal layer. Although in the first and the second
embodiment, the TFT substrate is disposed at the opposite
side more distant from the user (the CF substrate is disposed
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at the user side), the parallax barrier pattern may be disposed
at the user side or the opposite side. Hence, the parallax
barrier pattern may be provided to the TFT substrate distant
from the user in the first and the second embodiment, or the
TFT substrate having the parallax barrier pattern may be
disposed at the user side, unlike the first embodiment or the
second embodiment. The parallax barrier pattern disposed at
the user side, as in the first and second embodiments can
block light emitted from the pixels more than the case where
it is disposed at the opposite side, highly exhibiting the
desired function. Thus, it can reduce the color mixture due to
light from the adjacent pixels. On the other hand, the parallax
barrier pattern disposed at the opposite side, unlike the first or
the second embodiment can prevent a so-called moire pattern,
which is a phenomenon caused by interference of light, more
effectively than the parallax barrier pattern disposed at the
user side.

[0105] Although the first and the second embodiment each
describe a manufacturing process for producing a vertical
electric field liquid crystal panel, another embodiment may
provide a lateral electric field liquid crystal display device.
[0106] Although in the first to fourth embodiments, a par-
allax barrier pattern or a touch panel pattern is used as a
functional member, the functional member is not limited to
these patterns. For example, in a lateral electric field liquid
crystal panel, an electroconductive shield layer may be
formed as a functional member directly on the surface of the
liquid crystal panel. The electroconductive shield layer can
protect the device from external static electricity and can act
as an electrostatic shield discharging the charge stored at the
CF substrate side.

[0107] Although the parallax barrier pattern of the first and
the second embodiment has a plurality of openings therein, it
is not limited to such a form. For example, the parallax barrier
pattern may have a checked pattern or a plurality of circular
openings when viewed from above.

[0108] Although in the third and the fourth embodiment, a
resistive touch panel pattern is used as a functional member,
the functional member is not limited to such a pattern. For
example, the functional member may be a capacitance touch
panel pattern configured for touch input so as to detect
changes in capacitance caused by touching an electroconduc-
tive film formed on the surface of a substrate.

[0109] Although in the first to fourth embodiments, the step
of reducing the thickness is performed by chemical etching
(chemical polishing), itis not limited to such a technique. For
example, the thickness may be reduced by mechanical pol-
ishing.

[0110] Although in the first and the second embodiment,
the parallax barrier pattern is formed by patterning a parallax
barrier layer (metal layer) deposited on the surface of the CF
substrate by sputtering or vapor deposition, the formation of
the parallax barrier pattern is not limited to this method. Any
method other than sputtering and vapor deposition can be
applied to form a parallax barrier layer (metal layer), as long
as the parallax barrier layer can be formed directly on the
surface of the CF substrate.

[0111] Although in the first and the second embodiment, a
metal parallax barrier layer is formed for the parallax barrier
pattern 40, the material of the parallax barrier layer is not
limited to ametal. For example, the parallax barrier layer may
be formed of a light-shielding resin without being limited to
a metal. Since the reflection of external light from a resin
parallax barrier pattern can be lower than that from the metal
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pattern, the user can easily observe images displayed on the
liquid crystal display device. For forming such a resin paral-
lax barrier pattern, it can be formed of a photosensitive resin
by a common process, such as photolithography. In this
instance, the resin layer is placed under a very high-tempera-
ture condition for firing or the like. The resin parallax barrier
pattern can be used advantageously in an embodiment of the
invention.

[0112] Although in the third and the fourth embodiment,
the transparent electrode film of the touch panel pattern is
deposited directly on the surface of the CF substrate by sput-
tering or vapor deposition, the formation of the touch panel
pattern is not limited to this method. The transparent elec-
trode film can be formed even by any method other than
sputtering or vapor deposition, as long as it can be formed
directly on the surface of the CF substrate.

[0113] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope and without diminishing its
intended advantages. It is therefore intended that such
changes and modifications be covered by the appended
claims.

The application is claimed as follows:

1. A method for manufacturing a liquid crystal display
device, comprising the steps of:

combining a first substrate and a second substrate between

which a liquid crystal layer is to be held; and

forming a functional member directly on a surface of the

first substrate opposite to the side holding the liquid
crystal layer.

2. The method according to claim 1. wherein the functional
member includes a parallax barrier pattern or a touch panel
pattern, and the parallax barrier pattern or the touch panel
pattern is formed directly on the surface of the first substrate
opposite to the side holding the liquid crystal layer.

3. The method according to claim 1, further comprising the
step of dropping a liquid crystal onto one of the first substrate
and the second substrate before the step of forming the func-
tional member.

4. The method according to claim 1, further comprising the
step of reducing the thickness of the first substrate before the
step of forming the functional member.

5. The method according to claim 4, further comprising the
step of dropping a liquid crystal onto one of the first substrate
and the second substrate before the step of reducing the thick-
ness.

6. The method according to claim 4, further comprising the
steps of:

forming a color filter on the side of the first substrate

holding the liquid crystal layer; and

forming a thin film transistor on the side of the second

substrate holding the liquid crystal layer,

wherein the step of reducing the thickness is performed on

the surface of the first substrate opposite to the side
holding the liquid crystal layer.

7. The method according to claim 4, further comprising the
step of dropping a liquid crystal onto one of the first substrate
and the second substrate before the steps of reducing the
thickness and forming the functional member.

8. The method according to claim 7, wherein the step of
combining the first substrate and the second substrate is pet-
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formed after the step of dropping the liquid crystal and before
the step of reducing the thickness.

9. The method according to claim 4, further comprising the
step of injecting a liquid crystal into a space between the first
substrate and the second substrate after the steps of reducing
the thickness and forming the functional member.

10. The method according claim 1, further comprising the
steps of forming a protective film on a surface of the func-
tional member; and disposing a polarizer on a surface of the
protective film.
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11. The method according to claim 1, wherein the func-
tional member is formed by sputtering or vapor deposition.

12. The method according to claim 11, wherein the func-
tional member is a parallax barrier pattern, and the step of
forming the functional member is performed by forming a
parallax barrier layer on the surface of the first substrate
opposite to the side holding the liquid crystal layer by sput-
tering or vapor deposition, and patterning the parallax barrier
layer into the parallax barrier pattern.

* sk * sk *



patsnap

TRBR(F) BRI TREBNHIESE

[F(RE)F US20110102732A1 RF(REH) A 2011-05-05

HRiES US12/913268 g H 2010-10-27
FRIFE(FRR)AGE) REQR

BRiE (TR A(F) /NG|

HARBENAGE) REAH

4RI K B8 A WASHIZAWA TAKEHITO

EHA WASHIZAWA, TAKEHITO

IPCH%5 GO2F1/13

CPCH %S G02B27/2214 G02F1/133512 GO2F1/13338 G02B30/27

1 %A% 2009252508 2009-11-03 JP

H 20T S0k US8421935

IEheE Espacenet USPTO

HE(B) (TeT suRSTRATE S10E) (oF suBSTRATE SIDE)
—RHERREREBNSE  AEUTSR A4 ERNE-8
i, EE-ERANE-ERZARBREE  FAEE—ERNSNE I .
RIS M0 RE LB A ERE. I N |

-S4
= B
| (comeine sussTRETES IN vacuuM) |

REDUCE THICKNESS |5 S5
- S6

5
FORM PARALLAX BARRIER LAYER
(SPUTTERING OR VAPOR DEPOSITION)

557

s8
|5~

CUTTING
- S9

DISPOSE POLARIZER |
S10

ASSEMBLE MODULE

END


https://share-analytics.zhihuiya.com/view/6c80aa5e-47d6-4642-818c-76d296417c50
https://worldwide.espacenet.com/patent/search/family/043925091/publication/US2011102732A1?q=US2011102732A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110102732%22.PGNR.&OS=DN/20110102732&RS=DN/20110102732

