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ABSTRACT

In a transflective liquid crystal panel having an in-cell
retarder, for improving a layer structure of poor adhesion, an
alignment film for the retardation layer is not applied to a
portion of disposing a sealing material at the main surface of
a substrate of the liquid crystal panel in the step of applying
the alignment film to the main surface.
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FIG.4

P-1
Forming Color Filters (CF) 45, and a Leveling Film 36 ol
(on an Inner surface of the 1st Substrate 31)
P-2
Forming an Alignment Film 37 for a Retardation Layer 38 I~
P-3
Rubbing the Alignment Film 37 &
P-4
Spreading Optical Retardation Material(s)
(on the Alignment Film 37)
P-5
Prebaking the Optical Retardation Material(s) d
(to evaporate the solvent therefrom)
P-6
Irradiating the Optical Retardation Material(s) with UV ad
through a Mask (to form the Retardation Layer 38)
P-7
Removing Unexposed Part(s) of ad
the Optical Retardation Material(s)
P-8
Forming a Protection Layer 40 on the Retardation Layer 38 ad
P-9
Forming a Layer-thickness Adjustment Layer 39 ad
(on the Protection Layer 40 above the Retardation Layer 38)
P-10
Forming Column Spacers (not shown, ad
but on the Layer-thickness Adjustment Layer 39)
P-11
Forming and rubbing a Liquid Crystal Alignment Film 33 ad
P-12
Applying a Sealant 710 and injecting the Liquid Crystals ~
to a Space hetween the Substrates 31, 32
P-13
Adhering Polarizer Plates 41, 42 to respective ad
Outer Surfaces of the Substrates 31, 32
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LIQUID CRYSTAL DISPLAY DEVICE,
MANUFACTURING METHOD THEREOFE,
AND COLOR FILTER SUBSTRATE

[0001] The present application claims priority from Japa-
nese application JP 2007-188187 filed on Jul. 19, 2007, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention concerns a liquid crystal dis-
play device having an in-cell retarder and a manufacturing
method thereof.

[0004] 2. Description of the Related Art

[0005] At present, transmissive liquid crystal display
devices with a wide view angle of an IPS (In Plane Switching)
system and VA (Vertical Alignment) system have been popu-
larized as monitors for various equipment and also used for
televisions while improving response characteristics. On the
other hand, liquid crystal display devices have also been
popularized in mobile information equipment including cell-
phones and digital cameras. Recently, for the mobile infor-
mation equipment, models having an angle-variable display
have been increased and a wide view angle is demanded since
they are often observed from an oblique direction.

[0006] Sincedisplay devices for use in the mobile informa-
tion equipment are used in various circumstances including
from outdoors in fine weather to dark rooms, it is desired that
the devices are transflective. A transflective liquid crystal
display device has a reflective display area and a transmissive
display area in one pixel.

[0007] The reflective display area reflects a light incident
from the periphery by using a reflection plate to conduct
display and, since a contrast ratio thereof is constant irrespec-
tive of the surrounding brightness, favorable display can be
obtained in a relatively bright circumstance including from
outdoors in fine weather to the inside of rooms. On the other
hand, since the transmissive display area provides a constant
luminance by using a backlight irrespective of the circum-
stance, a display at a high contrast ratio is obtained in a
relatively dark circumstance from the indoor to the dark
room. The transreflective liquid crystal display device having
both of the characteristics can provide display at a high con-
trast ratio in a wide range of circumstances including from the
outdoors in fine weather to the dark room.

[0008] Heretofore, it has been expected that reflective dis-
play and transmissive display with a wide view angle can be
obtained together by making the IPS system which is known
to provide a transmissive display with a wide view angle into
a transflective. For example, Japanese Unexamined Patent
Application Publication No. Hei 11 (1999)-242226 and its
counterpart U.S. Pat. No. 6,281,952 describe a transflective
IPS system.

[0009] In thetransflective IPS system liquid crystal display
device, a retardation plates are disposed to the entire outer
surface on upper and lower sides of a liquid crystal panel, in
which a liquid crystal layer is sealed between two transparent
substrates but the retardation plate has view angle depen-
dency. Accordingly, even when the phase difference between
the liquid crystal layer and a plurality of retardation plate is
optimized in the normal direction of the liquid crystal layer,

Jan. 22, 2009

the phase difference deviates suddenly from the optimal con-
ditions for dark display as apart from the normal direction.
[0010] Further, the structure for the arrangement and the
display characteristic in a case where a retardation plate (re-
tardation layer) is incorporated to the inside of a panel instead
of an externally added retardation plate are disclosed by C.
Doornkamp et al., in Philips Research, “Next generation
mobile LCDs with in-cell retarders” International Display
Workshops 2003, p 685 (2003). Further, Japanese Unexam-
ined Patent Application Publication No. 2005-338256 and its
counterpart U.S. Pat. No. 7,088,409 disclose a consideration
for making the transflective TIPS system having an in-cell
retarder so as to provide a wide view angle equivalent with
that of the entire transmissive IPS system.

[0011] Since the in-cell retarder includes a liquid crystal
polymer, alignment of molecules is higher compared with an
existent external retardation plate manufactured by stretching
an organic polymeric film. Further, An of the in-cell retarder
is much greater than that of the external retardation plate.
Further, while the layer thickness is as large as several tens pm
in the case of the external retardation plate, the layer thickness
can be greatly decreased to several pm when the in-cell
retarder is formed by using the liquid crystal polymer.

SUMMARY OF THE INVENTION

[0012] A transflective liquid crystal panel having an in-cell
retarder uses a color filter having an in-cell retarder. The color
filer requires an alignment film for a retardation layer for
aligning the retardation layer. For example, in a usual color
filter of a transflective IPS system liquid crystal panel having
anin-cell retarder, sub-color, pixels such as forred, green, and
blue, a leveling film, an alignment film for the retardation
layer, a retardation layer, and a protection layer for the retar-
dation layer are laminated in this order on a transparent sub-
strate at a portion corresponding to a reflective display sec-
tion. Further. in a color filter substrate at a portion of
disposing a sealing material used for adhering the color filter
substrate and a thin film transistor (TFT) substrate, a black
matrix, a leveling film, an alignment film for a retardation
layer, and a protection layer for the retardation layer are
laminated in this order above a transparent substrate.

[0013] Generally, a polyimide type polymer is used for the
alignment film for the retardation layer, and an acrylic poly-
mer, an epoxy type polymer, or an acrylic and epoxy type
mixed polymer is used for a leveling film and a protection
layer for the retardation layer. The solubility parameter is
about 14 (cal/em®)* for the polyimide type polymer, about
10 (cal/cm®)"? for the acrylic polymer, and about 11 (cal/
en®)V2 for the epoxy type polymer. For the solubility param-
eter used herein, values determined by calculation are used
(R. F. Fedors. Polymer Engineering and Science, vol. 14, p.
147, 1974). As described above, the solubility parameter of
the acrylic polymer and the epoxy type polymer is greatly
different from the polyimide type polymer and, when both of
the films are laminated, adhesion at the boundary thereof is
generally poor. That is, in the color filter substrate of a liquid
crystal panel having an in-cell retarder, a boundary between
the leveling film and the alignment film for the retardation
layer and a boundary between the alignment film for the
retardation layer and the protection layer for the retardation
layer of poor adhesion are present at a portion of disposing the
sealing material for adhesion with the TFT substrate. In con-
trast, in an entire transmissive type liquid crystal panel, since
the sealing material is disposed on the leveling film, a layer
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structure of poor adhesion is not present in the portion for
disposing the sealing material. As described above, in the
transflective liquid crystal panel having in-cell retarder, since
the layer boundary of poor adhesion compared with the entire
transmissive liquid crystal panel is present in the portion of
disposing the sealing material of the color filter substrate, it
involves a problem in view of the strength of the panel and
peeling sometimes occurs at the layer boundary of poor adhe-
sion at the portion of disposing the sealing material when an
external force is applied to the panel.

[0014] Inview ofthe above, the present invention intends to
improve the layer structure having the problem described
above by a structural countermeasure and provide a liquid
crystal display device having an in-cell retarder with
improved panel strength.

[0015] The invention provides a transflective liquid crystal
panel having an in-cell retarder and provided with a color
filter structure having an in-cell retarder not forming an align-
ment film for the retardation layer at a portion of disposing a
sealing material.

[0016] For example, the invention provides a liquid crystal
display device having liquid crystals put between a first sub-
strate and a second substrate, and having a reflective display
section for conducting display by a reflection light and a
transmissive display section for conducting display by a
transmission light. Then, at a position corresponding to the
reflective display section of the first substrate, a first protec-
tion layer, an alignment film for a retardation layer, a retar-
dation layer, and a second protection layer are laminated in
this order. On the other hand, the first protection layer and the
second protection layer are laminated in this order at a seal
portion at the outer peripheral edge of a display region.
[0017] Thatis, inthe liquid crystal display device described
above, a retardation layer is formed to the first substrate at a
position corresponding to the reflective display section at the
surface on the side of liquid crystals, and a region not formed
with the alignment film for the retardation layer is disposed to
the first substrate at a seal portion for the outer peripheral edge
of the display region at the surface on the side of the liquid
crystals.

[0018] Further, the present invention provides a method of
manufacturing a liquid crystal display device having a liquid
crystal layer sandwiched in an opposing gap between a first
substrate and a second substrate, in which the first substrate
and the second substrate are sealed at the outer peripheral
edge of the display region thereof by a sealing material, the
display region includes a matrix arrangement of a plurality of
pixels, and having a reflective display section and a transmis-
sive display section on every pixel. Then, the method includes
a step of forming an alignment film for a retardation layer of
the main surface of the first substrate within the surface of the
substrate at least excepting for a portion of disposing the
sealing material, a step of providing the alignment film for the
retardation layer with an alignment control function, a step of
applying an optical retardation material for applying the opti-
cal retardation material covering the alignment film for the
retardation layer, and an exposure step of selectively exposing
and curing a portion of the optical retardation material corre-
sponding to the reflective display section.

[0019] Further, the invention provides a color filter sub-
strate of a liquid crystal display device having a reflective
display section and a transmissive display section. Then, at a
position corresponding to the reflective display section, a first
protection layer, an alignment film for a retardation layer, a
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retardation layer, and a second protection layer are laminated
in this order. On the other hand, the display region includes at
a position corresponding to the seal portion at the outer
peripheral edge thereof a region where the first protection
layer and the second protection layer are stacked in this order.
[0020] That is, the color filter substrate is provided with a
retardation layer at a position corresponding to the reflective
display section at the surface on the side of the liquid crystals
and a region not formed with the alignment film for the
retardation layer to a seal portion for the outer peripheral edge
of the display region at the surface on the side of the liquid
crystals.

[0021] According to the invention, in the transflective lig-
uid crystal panel having the in-cell retarder, the lamination
structure for the portion of disposing the sealing material is
improved, and the strength of the transflective liquid crystal
panel having the in-cell retarder is improved irrespective of
the liquid crystal driving system such as the IPS system or the
VA system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a plan view for explaining a schematic
constitutional example of 1 pixel of a liquid crystal panel
constructing a liquid crystal display device according to the
invention;

[0023] FIG. 2 is a cross sectional view along line A-A' in
FIG. 1 for explaining a schematic constitutional example of 1
pixel of a liquid crystal panel constructing a liquid crystal
display device according to the invention,

[0024] FIG. 3 is a cross sectional view for explaining a
schematic constitutional example for a portion of disposing a
sealing material;

[0025] FIG. 4is an explanatory view for a process of manu-
facturing a liquid crystal panel constructing a liquid crystal
display device according to the invention;

[0026] FIGS. 5A and 5B are upper plan views of a first
substrate in the manufacturing process;

[0027] FIGS. 6A and 6B are upper plan views of a first
substrate in the manufacturing process of one example of a
liquid crystal panel to be compared with the invention; and
[0028] FIG. 7 is a cross sectional view for explaining a
schematic constitutional example for a portion of disposing a
sealing material in one example of a liquid crystal panel to be
compared with the invention.

DETAILED DESCRIPTION

[0029] The present invention is to be described by way of
preferred embodiments with reference to the drawings.
[0030] FIG. 1is a plan view for explaining a constitutional
example of 1-pixel of a liquid crystal panel constructing a
liquid crystal display device applied with a first embodiment
of the invention. FIG. 2 1s a cross sectional view taken along
line A-A'inFIG. 1 for explaining the schematic constitutional
example of 1-pixel of the liquid crystal panel shown in FIG. 1.
[0031] A liquid crystal panel includes a first substrate 31, a
liquid crystal layer 10, and a second substrate 32, in which the
liquid crystal layer 10 is sandwiched in an opposing gap
between the first substrate 31 and the second substrate 32.
[0032] On the main surface (inner surface) of the first sub-
strate 31 are laminated a color filter 45 partitioned by a black
matrix 35, a leveling layer (first protective film) 36, an align-
ment film 37 for a retardation layer) an in-cell retarder (here-
inafter simply referred to as a retardation layer) 38, a protec-
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tion layer (second protection film) 40 for the retardation layer
38, and a first alignment film 33 in this order.

[0033] The retardation layer 38 is disposed only to a reflec-
tive display area RA, and is not disposed to a transmissive
display area TA.

[0034] The alignment film 37 for the retardation layer is
provided with an alignment control function of controlling
the alignment of a material that forms the retardation layer 38
including a liquid crystal layer composition. Further, the first
alignment film 33 is provided with an alignment control func-
tion of controlling the initial alignment of the liquid crystal
layer 10 for display light control.

[0035] The main surface of the second substrate 32 has a
thin film transistor TFT for driving the pixel. The thin film
transistor TFT is connected to a scanning interconnection 21,
a signal interconnection 22, and a pixel electrode 28.

[0036] In addition, the thin film transistor has a common
interconnection 23 and a common electrode 29. The thin film
transistor TFT has a reverse staggered structure in which a
channel part is formed of an amorphous silicon (a-Si) layer
25. The scanning interconnection 21 and a source drain elec-
trode 24 are insulated by a first insulation layer 51. A second
insulation layer 52 is present above the thin film transistor
TFT.

[0037] The scanning interconnection 21 and the signal
interconnection 22 intersect in the row direction and the col-
umn direction to form a 2-dimensional matrix. The thin film
transistor TFT is situated generally near the intersection
thereof.

[0038] The common interconnection 23 is disposed in par-
allel with the scanning interconnection 21 and connected by
way of a second through hole 27 to the common electrode 29.
The pixel electrode 28 and the source drain electrode 24 of the
thin film transistor TFT are joined by way of a first through
hole 26. A second alignment film 34 is present above the pixel
electrode 28 and provided with an alignment control function
of controlling the initial alignment of the liquid crystal layer
10.

[0039] The first substrate 31 is preferably formed of boro-
silicate glass with less ionic impurities and the thickness
thereof is, for example, 0.5 mm. In the color filter 45 parti-
tioned by the black matrix 35, each of portions showing red,
green and blue (color sub-pixels) is repetitively arranged in a
stripe manner and each of the stripes is in parallel with the
signal electrode 22. Crenelation on the surface of forming the
black matrix 35 and the color filter 45 is leveled by a leveling
layer (first protection film, overcoat film) 36 made of resin.
The first alignment film 33 is an organic polyimide film, and
applied with an aligning treatment by a rubbing method.
[0040] For the second substrate 32, borosilicate glass like
that for the first substrate 31 is suitable and the thickness is,
for example, 0.5 mm. The second alignment film 34 is an
organic polyimide film having a horizontally aligning prop-
erty like the first alignment film 33. The signal interconnec-
tion 22, the scanning interconnection 21, and the common
interconnection 23 are formed, for example, of aluminum,
(Al) or an alloy thereof (aluminum and neodium alloy:
Al—Nd), or chromium (Cr). The pixel electrode 28 is pref-
erably formed of a transparent conductive film such as of
indium tin oxide (ITO) and the common electrode 29 is also
formed preferably of a transparent conductive film such as of
ITO.

[0041] The pixel electrode 28 has slits 30 parallel with the
scanning interconnection 21 and the pitch between the slits 30
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is about 4 um. The pixel electrode 28 and the common elec-
trode 29 are spaced by a third insulation layer 53 of 0.5 um in
thickness and an electric field is formed between the pixel
electrode 28 and the common electrode 29 upon application
of voltage. The electric field is deformed into an arc-shape by
the effect of the third insulation layer 53 and passes through
the liquid crystal layer 10. This changes alignment of the
liquid crystal layer 10 upon application of voltage. Numerical
values described above also including other numerical values
in the specification and the drawings are shown only as
examples and the invention is not restricted to the numerical
values.

[0042] The common interconnection 23 has a structure
extending into the pixel electrode 28 in the area crossing the
pixel electrode 28. In FIG. 1, an area where the common
interconnection 23 and the pixel electrode 28 overlap is a
reflective display area RA and reflects light as shown by a
reflection light 62. Other overlapped area between the pixel
electrode 28 and the common electrode 29 than described
above allows the light of a backlight to transmit therethrough
to form a transmissive display area TA as shown by a trans-
mission light 61. Since the optimal layer thickness of the
liquid crystal layer is different between the transmissive dis-
play area TA and the reflective display area RA, a step is
formed at the boundary. For shortening the boundary between
the transmissive display area TA and the reflective display
area RA, the transmissive display area TA and the reflective
display area RA are arranged such that the boundary is in
parallel with the shorter side of the pixel.

[0043] As described above, by using the interconnection
such as the common interconnection 23 in common with the
reflection plate, an effect of decreasing the manufacturing
steps can be obtained. When the common interconnection 23
is formed of aluminum or the like ofhigh reflectance, brighter
reflective display is obtained. The same effect is obtained also
by forming the common interconnection 23 with chromium
and separately forming a reflection plate of aluminum or a
silver alloy.

[0044] The liquid crystal layer 10 includes a liquid crystal
layer composition that shows a positive dielectric constant
anisotropy in which the dielectric constant in the aligning
direction is greater than that in the normal direction. In this
case, the composition has a birefringence of 0.067 at 25° C.
and shows a nematic phase in a wide temperature range
including a room temperature region. Further, the liquid crys-
tal layer shows a high resistance value not causing flicker
while sufficiently maintaining reflectance and transmittance
during holding period when driven at a frequency of 60 Hz by
using the thin film transistor.

[0045] The liquid crystal display device of this embodi-
ment is generally constructed as described above and it has a
characteristic feature in the layer structure of the main surface
of the first substrate in a seal portion (portion of disposing a
sealing material) for adhering the first substrate 31 and the
second substrate 32.

[0046] FIG. 3 is a cross sectional view for a portion of
disposing a sealing material of a liquid crystal panel. Scan-
ning interconnection, signal interconnection, common inter-
connection, pixel electrode, common electrode, etc. fabri-
cated above the second substrate are not illustrated and they
are shown as a TFT substrate 700.

[0047] Inthe layer structure for the portion of disposing the
sealing material 710 formed above the first substrate 31, a first
protection film 36 and a second protection film 40 are lami-
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nated in this order above a black matrix 35 (on the side of a
liquid crystal 10). That 1s, an alignment film 37 for a retarda-
tion layer of poor adhesion is not present to a portion for
disposing the sealing material 710 and the layer boundary of
the protection film is not present. The first protection film 36
and the second protection film include an identical or similar
composition and can be bonded firmly. With such a structure,
sealing reliability for the entire frame-like seal portion is
improved.

[0048] FIG. 4 is an explanatory view for the process of
manufacturing a liquid crystal panel constructing a liquid
crystal display device of this embodiment. Further, FIGS. 5A
and 5B are upper plan views showing the state of the first
substrate 31 after the process P-1 in FIG. 4. For comparison,
FIGS. 6A and 6B are upper plan views showing the state of
the first substrate 31 after the process P-1 in the existent
method.

[0049] Atfirst, the black matrix 35 and the color filter 45 are
formed on the main surface of the first substrate 31 and the
surface thereof is covered with the first protection film 36
including the acrylic and epoxy type mixed polymer to level
the surface (P-1).

[0050] At the completion of the process P-1, as shown in
FIG.5A, a matrix arrangement of a color filter is formed to the
first substrate 31 at 8 areas of effective display regions 110
respectively. Then, the first protection film 36 is applied at the
uppermost layer over the entire surface of the first substrate
31

[0051] Then, as shown in FIG. 5B, an alignment film 37 for
a retardation layer is applied to the effective display regions
110 imposed to the first substrate 31 by flexographic printing
P-2).

[0052] Analignment film 37" for a retardation layer of good
wettability was formed so far to the entire surface of the first
substrate 31 as shown in FIG. 6B for uniformly applying the
optical retardation material in the subsequent step. On the
other hand, in this embodiment, as shown in FIG. 5B, the

[chemical formula 1]

H,C=CHCO0 CH,

:

H:C=CHCO0 C3H-

:

H,C=CHCOO C4Ho

%

H,C=CHCOO OCgHj7

H,C==CHCOO
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alignment film 37 for the retardation layer is applied con-
forming to the imposition of the effective display regions 110
while keeping off the position of disposing the sealing mate-
rial atthe outside of the effective display regions 110. Thus, as
shown in the cross sectional view of FIG. 3, the alignment
film 37 for the retardation layer is not formed to the layer
structure corresponding to the position of disposing the seal-
ing material 710.

[0053] Inthis embodiment, as shown in FIG. 5B, the align-
ment film 37 for the retardation layer is applied conforming to
the imposition of the effective display regions 110 but the
effect of the invention can be attained by not forming the
alignment film 37 for the retardation layer to a position for
disposing the sealing material for adhering the first substrate
and the second substrate and the alignment film 37 for the
retardation layer may be applied also to other portion than that
the sealing material is disposed in addition to the effective
display regions 110. Further, while flexographic printing is
used as a method of applying the alignment film 37 for the
retardation layer in this embodiment, other applying method
such as ink jet may also be used.

[0054] Then, after baking the alignment film 37 for the
retardation layer, it is rubbed to provide an alignment control
function (P-3). The alignment film 37 for the retardation layer
has ahorizontal aligning property and has a function of deter-
mining direction of the retardation axis of the retardation
layer 38. Then, an optical retardation material is applied on
the alignment film 37 for the retardation layer (P-4).

[0055] The optical retardation material used herein is an
organic material formed by dissolving a nematic liquid crys-
tal monomer having a photoreactive acrylic group (acrylate)
at the terminal end of molecule and a polymerization initiator
(reaction initiator) in an organic solvent and, to which an
additive is further added for improving the wettability.
[0056] Examples of the nematic liquid crystals monomer
having the photoreactive acrylic group (acrylate) at the ter-
minal ends of the molecule are shown below.

H,C=CHCOO O O COO‘>_/
HZC:CHCOOCOO{_/_\;

H,C==CHCOO

H,C=CHCOO

HZC - CHCOOM C3H7
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5
-continued
Hﬁ:CHCOOOCE @—qm
H,C==CHCOO
H2C=CHCOOOCECOC5HII
H,C==CHCOO

N=— F
I C=CHCOO—< >—( Coll N=
2 \N J H c—CHc004©—<
2= \ /

[chemical formula 2]

H2C=CHCOO(CH2)GOOCOOOOOC O(CH)sOOCCH=—=CH;

/ \ _/_O
HyC==CHCOO(CH3)s0 COOOOOC O [0}
HO
H3C=HCCOO(H2C)GO‘©7COO OOC@O

H;CO
H,C==CCOOCH,CHCH,0 OCH,CHCH,00CC==CH,
CH; Y Y CHs
0 0
0 CN 0 CN

H,C=CHCOO(CH;)s0 COOQQOCOO(CHZ)GOOCCH=CH1
00C

O(CH,){OOCCH=CH,

Jan. 22, 2009

CeHy7

o]



US 2009/0021675 Al

Jan. 22, 2009

-continued

H2C=CHCOO(CH;)GOOCOOQOOCOO(CHZ)GOOCCH=CHg

COO(CH,);00C

HZC=HCCOO(H2C)GOOCOOOOOCOO(CHZ)500CH=CHZ

[0057] Further, the polymerization initiator is not particu-
larly restricted so long as it starts polymerizing reaction and
includes commercial products, for example, IRGACURE
651, IRGACURE 184, DAROCUR 1173, IRGACURE 500,
IRGACURE 2959, IRGACURE 127, IRGACURE 907,
IRGACURE 1300, IRGACURE 369, IRGACURE 379,
IRGACURE 1800, IRGACURE 1870, IRGACURE 4265,
DAROCUR TPO, IRGACURE 819, IRGACURE 819DDW,
IRGACURE 784, IRGACURE OXE 01, IRGACURE OXE
02, and IRGACURE 754, manufactured by Ciba Specialty
Chemicals (Basel, Switzerland).

[0058] Further, the organic solvent for the optical retarda-
tion material includes, for example, propylene glycol
monomethyl ether acetate, cyclohexanone, ethylene glycol
monomethyl ether acetate, diethylene glycol monobutyl ether
acetate, diethylene glycol monoethyl ether acetate, methoxy-
butyl acetate, diethylene glycol dimethyl ether, and diethyl-
ene glycol methylethyl ether.

[0059] As described above, an additive for improving the
wettability is contained in the optical retardation material.
This is due to the following reason.

[0060] In this embodiment, the alignment film 37 for the
retardation layer is not formed at a position of disposing the
sealing material. That is, the first protection film 36 is
exposed. Even when it is intended to apply the existent optical
retardation material (that is, optical retardation material
formed by dissolving only the nematic liquid crystal mono-
mer having the photoreactive acrylic group (acrylate) on the
terminal end of molecule and the polymerization initiator in
the organic solvent) on such a layer, since the wettability to
the first protection film 36 is poor, uniform applying is diffi-
cult.

[0061] For example, when a liquid droplet of pure water
with a specific resistivity of 10 MQcm or higher is brought
into contact therewith and a contact angle after 30 sec is
measured, it is about 30° for the polyimide type polymer and
70° for the acrylic and epoxy type mixed polymer (V-259
PHE manufactured by Nippon Steel Chemical Co., Ltd. (To-
kyo, Japan)) of the IPS alignment film. Further, when the
contact angle was measured by using an optical retardation
material (Paliocolor, manufactured by BASF SE (Societas
Europaea) (Ludwigshafen, Germany), 30 wt % LC 242, 3 wt
% polymerization initiator, 70 wt % propylene glycol
monomethyl ether acetate), it was excessively spread under
wetting to the polyimide type polymer of an IPS alignment
film and the contact angle could not be measured, and the
contact angle is as high as about 24° to the acrylic and epoxy
type mixed polymer (V-259 PHE manufactured by Nippon
Steel Chemical Co., Ltd. (Tokyo, Japan)) and the wettability
was poor. When the optical retardation material is actually
applied to respective polymer films, it can be applied uni-

formly on the polyimide type polymer but cannot be applied
uniformly on the acrylic and epoxy type mixed polymer caus-
ing repellency thereon.

[0062] Accordingly, it is optimal to add such an additive as
capable of lowering the surface tension such that the contact
angle of the optical retardation material is 200 or less relative
to the polymer film with the contact angle of 65° or more
when measured for the contact angle after 30 sec by contact-
ing a liquid droplet of pure water with a specific resistivity of
10 MQcm or higher. In a case of using the optical retardation
material adjusted for the wettability, the optical retardation
material can be applied uniformly on both of the first protec-
tion film 36 and the alignment film 37 for the retardation
layer. Such additive includes, for example, acrylic additives,
silicon type additives, and fluoric additives described below.
Some of such additives are sometimes referred to as surfac-
tants.

(1) Acrylic Additive:
[0063]
[chemical formula 3]
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RZ, R3, R* = alkyl, polyester, polyether, amine salt
X, ¥, z = integer of 0 to 200

(2) Silicon Type Additives

[0064]
[chemical formula 4]
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X =alkyl, vinyl, epoxy, amino, methacryl, mercapto, etc.



US 2009/0021675 Al

-continued
[chemical formula 5]
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R! = aralkyl, polyester
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R=alkyl
Rl = aralkyl, polyester
= reactive group(——OH, -Acryl etc.)

CH;
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R=alkyl
R! = polyester, polyether

m, X, ¥, z = integer of ) to 200

(3) Fluoric Additive
[0065]

F;C—(CF,),—R,

[0066] R,=alkyl, alkoxy, etc.

[0067] n=integer of O to 100
[0068] Commercial acrvlic additive includes, for example,
BYK-340, BYK-352, BYK-354, BYK-355, BYK-356,
BYK-358N, BYK-359, BYK-361 N, BYK-380N, BYK-381,
BYK-390, and BYK-392, manufactured by BYK-Chemie
Japan (Osaka, Japan).

[chemical formula 6]
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[0069] Silicone type additives such as silane coupling
agents or siloxane type improve the wettability to the first
protection film 36 more efficiently than the acrylic additives.
[0070] Commercial silane coupling agents include, for
example, KA-1003, KBM-1003, KBE-1003, KBM-303,
KBM-403, KBE-402, KBE-403, KBM-1403, KBM-502,
KBM-503, KBE-502, KBE-503, KBM-5103, KBM-602,
KBM-603, KBE-603, KBM-903, KBE-903, KBE-9103,
KBM-573, KBM-575, KBM-6123, KBE-585, KBM-703,
KBM-802, KBM-803, KBE-846, and KBE-9007, manufac-
tured by Shin-Etsu Chemical Co., Ltd., Silicone Division
(Tokyo, Japan). Further, commercial siloxane type additives
include, forexample, BYK-300, BYK-302, BYK-306, BYK-
307, BYK-310, BYK-315, BYK-320, BYK-322, BYK-323,
BYK-325, BYK-330, BYK-331, BYK-333, BYK-337,
BYK-341, BYK-344, BYK-370, BYK-375, BYK-377, and
BYK-UV3510, manufactured by BYK-Chemie Japan
(Osaka, Japan).

[0071] Further, other silicone type additives include, for
example, EBECRYL 350 and EBECRYL 1360, manufac-
tured by DAICEL-CYTEC Company Ltd. (Tokyo, Japan),
and Flow 425, Glide 100, Glide 410, Glide 420, Glide 435,
Glide A115, and Glide ZG400, manufactured by Evonik Tego
Chemie GmbH, (Essen, Germany).

[0072] Further, commercial fluoric additives include, for
example, Megaface F-443, F-444, F-445, F-446, F-470,
R-08, F-471, F-472SF, F-474, F-475, R-30, R-477, F-478,
F-479, F-480SF, F-482, F-483, F-484, F-486, F-487, F-489,
F-172D, F-178K, F-178RM, ESM-1, MCF-350SF, BL-20,
R-61, and R-90, manufactured by Dainippon Ink and Chemi-
cals, Incorporated (Tokyo, Japan), fluoric surfactants such as
Ftergent 250, Ftergent 251, Ftergent 222F, and FTX-218
manufactured by NEOS Company Limited (Kobe, Japan),
and Novec FC-4430, manufactured by 3M Company (Maple-
wood, Mn., USA).

[0073] When the additives described above are added in a
great amount, lowering of retardation photocurability, pat-
terning property and heat resistance may possibly occur
remarkably. Accordingly, the addition amount of the additive
to the nematic liquid crystal monomer having the photoreac-
tive acrylic group (acrylate) on the terminal ends of molecule
as the solidifying ingredient of the optical retardation mate-
rial is 0.2% by weight or less (for example, in a range from
0.001 to 0.2% by weigh).

[0074] Explanation is to be made referring again to FIG. 4.
After applying the optical retardation material, it is prebaked
for 2 to 3 min by a hot plate at 100° C. to remove the solvent
(P-5). This forms a transparent film. The film is aligned
directing to the direction of the aligning treatment for the
alignment film 37 for the retardation layer at the time of
prebaking, and provided with a function as the retardation
layer.

[0075] Then, for the prebaked optical retardation material,
a UV light is irradiated to a portion corresponding to the
reflective display section by using an exposure mask having
an opening corresponding to the pattern of the retardation
layer to photopolymerize and cure the acrylic groups to form
the retardation layer 38 (P-6). By the mask exposure, the
acrylate corresponding to the opening of the exposure mask is
polymerized into a film insoluble to an organic solvent. In this
case, the solution concentration and the application condition
during application are properly adjusted to control the film
thickness such that the retardation of the retardation layer 38
is at /2 wavelength for the wavelength of 550 nm.
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[0076] Then, development is conducted by an organic sol-
vent and an unexposed part is removed (P-7).

[0077] In this embodiment, development is conducted for
the uncured portion by the organic solvent. However, this is
not restrictive. The uncured retardation layer corresponding
to the not-open area of the exposure mask may be formed to
an isotropic layer by heating the entire first substrate to a
nematic-isotropic phase transition temperature or higher of
the nematic liquid crystal having the acrylate on the terminal
end of the molecule without conducting development. Then,
the uncured acrylic group positioned to the not-open area of
the exposure mask may be photopolymerized and cured in the
state of the isotropic layer as it is to form a transparent layer
by lamp exposure for the entire surface in a heated state of
maintaining the isotropic layer.

[0078] Then, a transparent organic layer is applied on the
retardation layer 38 to form a second protection film 40 (P-8).
[0079] In a case of using a retardation layer 38 having An
twice or more than that of the liquid crystal layer, the thick-
ness becomes insufficient when retardation of the retardation
layer 38 is set to Y2 wavelength. Then, the difference of
retardation between the reflective display section RA and the
transmissive display section TA is decreased to less than V4
wavelength only by the retardation layer 38. In view of the
above, for ensuring retardation difference of V4 wavelength
between the reflective display area RA and the transmissive
display area TA, a layer thickness adjustment layer 39 is
formed on the retardation layer 38.

[0080] Specifically, a photosensitive transparent resist is
applied to the second protection film 40 and UV-exposure is
applied by using an exposure mask. In this case, patterning is
conducted by using an exposure mask that provides the same
distribution as in the reflective display area RA. Then, the
layer thickness adjustment layer 39 is formed by alkali devel-
opment only above the retardation layer 38 (P-9). A column
spacer is formed further thereabove for keeping a gap of the
liquid crystal layer (P-10).

[0081] Then, a first liquid crystal alignment film 33 is
applied to the uppermost layer on the main surface of the first
substrate 31, a second liquid crystal alignment film 34 is
applied to the uppermost layer on the main surface of the
second substrate 32, and a rubbing treatment is applied at a
predetermined angle (P-11). Then, column spacers are inter-
posed to the display region between the first substrate 31 and
the second substrate 32, and a sealing material is applied in a
rectangular frame shape to the inner side of the outer periph-
eral edge, both of the substrates are assembled by adhering,
and the liquid crystal layer 10 is sealed to the inside (P-12).
[0082] Finally, a first polarizer plate 41 and a second polar-
izer plate 42 are disposed to the outside of the first substrate
31 and the second substrate 32 respectively. The transmission
axes for the first polarizer plate 41 and the second polarizer
plate 42 are arranged such that they are in perpendicular and
parallel to the alignment direction of the liquid crystal layer,
respectively (P-13).

[0083] In this embodiment, a light diffusing pressure sen-
sitive adhesive layer 43 formed by mixing a number of trans-
parent fine spheres having a refractive index different from
the pressure sensitive adhesive material was used for the
pressure sensitive adhesive layer 43 of the first polarizer plate
41. The constitution described above has an effect of enlarg-
ing the optical path of an incident light by utilizing the effect
of refraction at the boundary between the pressure sensitive
adhesive material and the fine spheres due to the difference of
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the refractive index between both of them. This can decrease
iridescent coloration caused by the interference of reflection
light in the pixel electrode 28 and the common electrode 29.
However, it will be apparent that the pressure sensitive adhe-
sive layer 43 is not restricted to such a constitution but a
pressure sensitive adhesive material having no fine spheres
can also be used.

[0084] In the transmissive display area TA of the liquid
crystal panel manufactured as described above, the transmis-
sion axis of the first polarizer plate 41 and the transmission
axis of the second polarizer plate 42 are in perpendicular and
the latter is in parallel to the liquid crystal aligning direction.
Since this is the same constitution as in the transmissive IPS
system, a wide view angle usable for the monitor application
use can be obtained for the transmissive display in the same
manner as in the transmissive ISP system.

[0085] Further, the cross sectional area for the seal portion
of the liquid crystal panel manufactured by the process
described above is as shown in FIG. 3 described above. For
comparison, FIG. 7 shows a cross sectional view for the seal
portion of a liquid crystal panel manufactured by the existent
method (method of applying the alignment film 37" for the
retardation layer over the entire substrate as shown in FIGS.
6A and 6B).

[0086] Inthe layer structure for the portion of disposing the
sealing material 710 formed above the first substrate 31 in the
existent panel shown in FIG. 7, the first protection film 36, the
alignment film 37' for the retardation layer, and the second
protection film 40 are laminated in this order above the black
matrix 35. Accordingly, the adhering force is weak at the
boundary between the first protection film 36 and the align-
ment film 37" for the retardation layer and at the boundary
between the alignment film 37 for the retardation layer and
the second protection laver 40 to lower the sealing reliability
for the seal portion.

[0087] On the contrary, in the liquid crystal panel of this
embodiment shown in FIG. 3, the first protection film 36 and
the second protection film 40 are laminated in this order
above the black matrix 35. That is, the layer boundary of poor
adhesion between the alignment film 37 for the retardation
layer and the protection film is not present at a portion of
disposing the sealing material 710. Accordingly the seal por-
tion is firmly sealed compared with the liquid crystal panel
shown in FIG. 7.

[0088] That is, poor adhesion at the layer boundary
between the polyimide type polymer (alignment film for the
retardation layer) and the acrylic polymer, an epoxy type
polymer, or an acrylic polymer and epoxy type mixed poly-
mer (protection film) causes lowering of the strength of the
liquid crystal panel having the in-cell retarder. Accordingly,
the panel strength is improved by forming the structure not
having the layer structure of poor adhesion. As described
above, problems occurred so far in the layer structure for the
portion of disposing the sealant of the color filter having the
in-cell retarder at the portion between each of the layers of the
leveling film 36, the alignment film 37' for the retardation
layer, and the protection layer 40 for the retardation layer. In
this embodiment, by forming the structure of removing the
intermediate polyimide type polymer at least from a portion
where the sealing material is disposed, the protection layer 40
for the retardation layer is directly laminated above the lev-
eling film 36. Since the leveling film 36 and the protection
layer 40 for the retardation layer are made of an identical type
polymer, their solubility parameters are close to each other
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and adhesion between the layers is improved compared with
the existent structure. Even when not all of the alignment film
37 for the retardation layer is removed from the region on the
main surface of the first substrate 31 (portion opposing to the
sealing material 710) where the sealing member 710 is dis-
posed, adhesion of the seal structure is improved so long as a
portion thereof'is removed compared with that of the existent
structure. That is, a portion of the alignment film 37 for the
retardation layer may be left in the region so long as the film
does not completely cover the region on the main surface of
the first substrate 31.

[0089] One embodiment of the present invention has been
described above.

[0090] In this embodiment, descriptions have been made
about the panel structure and the manufacturing process for
the IPS system transflective liquid crystal panel having the
in-cell retarder. However, the invention is not restricted
thereto and can also be used in the transflective liquid crystal
panel having the in-cell retarder of the VA system or other
liquid crystal driving system. In this case, the TFT structure,
the pixel structure of the color filter, the retardation value of
the retardation layer and other panel constitution are different
depending on the liquid crystal driving system, but the effect
of the invention can be provided by removing the alignment
film for the retardation layer from the layer structure corre-
sponding to the position of disposing the sealing material.
[0091] Further, in this embodiment, the polyimide type
polymer is used as the alignment film 37 for the retardation
layer and the acrylic and epoxy type mixed type polymer is
used for the leveling film (first protection film) 36 and the
protection layer for the retardation layer (second protection
film) 40. However, they are not restrictive but the effect of the
invention can be provided irrespective of the type of the
materials to be used so long as adhesion is weak between the
alignment film 37 for the retardation layer and the leveling
film 36 or between the alignment film 37 for the retardation
layer and the protection layer 40 for the retardation layer, and
adhesion is strong between the leveling layer 36 and the
protection layer 40 for the retardation layer.

[0092] While we have shown and described several
embodiments in accordance with the present invention, it is
understood that the same is not limited thereto but is suscep-
tible of numerous changes and modifications as known to
those skilled in the art, and we therefore do not wish to be
limited to the details shown and described herein but intend to
cover all such changes and modifications as are encompassed
by the scope of the appended claims.

What is claimed is:

1. Aliquid crystal display device having liquid crystals put
between a first substrate and a second substrate, and having a
reflective display section for conducing display by a reflec-
tion light and a transmissive display section for conducting
display by a transmission light, wherein

a first protection layer, an alignment film for a retardation

layer, a retardation layer, and a second protection layer
are laminated in this order at a position corresponding to
the reflective display section of the first substrate, and
the seal portion at the outer peripheral edge of the display
region has a region where the first protection layer and
the second protection layer are laminated in this order.

2. Aliquid crystal display device having liquid crystals put
between a first substrate and a second substrate, and having a
reflective display section for conducing display by a reflec-

Jan. 22, 2009

tion light and a transmissive display section for conducting
display by a transmission light, wherein

a retardation layer is formed to the first substrate at a

position corresponding to the reflective display section
at the surface on the side of the liquid crystal, and

a region not formed with an alignment film for the retarda-

tion layer is disposed to the first substrate at the seal
portion of the outer peripheral edge of the display region
at the surface on the side of the liquid crystals.

3. The liquid crystal display device according to claim 1,
wherein

the material for forming the retardation layer contains an

additive for adjusting the wettability.

4. The liquid crystal display device according to claim 3,
wherein

the additive is one of acrylic additives, silicon type addi-

tives, and fluoric additives.

5. The liquid crystal display device according to claim 3,
wherein

the content of the additive is 0.2% by weight or less based

on the material for forming the retardation layer.

6. The liquid crystal display device according to claim 1,
wherein

the material for forming the retardation layer contains an Si

element.

7. A method of manufacturing a liquid crystal display
device having a liquid crystal layer sandwiched in a opposing
gap between a first substrate and a second substrate, in which
the first substrate and the second substrate are sealed at the
outer peripheral edge of the display region by a sealing mate-
rial, the display region includes a matrix arrangement of a
plurality of pixels, and having a reflective display section and
a transmissive display section on every pixel,

the method comprising the steps of:

forming an alignment film for a retardation layer to the

main surface of the first substrate in the surface of the
substrate at least partially or entirely removing a portion
of disposing the sealing material,

providing an alignment film for the retardation layer with

an alignment control function,

applying an optical retardation material covering the align-

ment film for retardation layer, and

selectively exposing and curing a portion of the optical

retardation material corresponding to the reflective dis-
play section.

8. The manufacturing method of a liquid crystal display
device according to claim 7, wherein

the material for forming the retardation layer contains an

additive for adjusting the wettability.

9. The manufacturing method of a liquid crystal display
device according to claim 7, wherein

the additive is one of acrylic additives, silicon type addi-

tive, and fluoric additives.

10. The manufacturing method of a liquid crystal display
device according to claim 8, wherein the content of the addi-
tive is 0.2% by weight or less based on the solidifving ingre-
dient of the optical retardation material.

11. The manufacturing method of a liquid crystal display
device according to claim 7, wherein the step of applying the
optical retardation material includes the use of an optical
retardation material adjusted for the wettability such that the
content angle to a test specimen with a contact angle of 650 or
more is 20° or less when it is brought into contact with a
droplet of pure water with a specific resistivity of 10 MQcm
or higher and measuring the contact angle after 30 sec.
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12. A color filter substrate of a liquid crystal display device
having a reflective display section and a transmissive display
section wherein
a first protection layer, an alignment film for a retardation
layer, a retardation layer, and a second protection layer
are laminated in this order at a position corresponding to
the reflective display section at the main surface on the
liquid crystal side of the color filter substrate, and

aregion of stacking the first protection layer and the second
protection layer in this order is present at a position
corresponding to the seal portion at the outer peripheral
edge of the display region.
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13. A color filter substrate of a liquid crystal display device
having a reflective display section and a transmissive display
section wherein

aretardation layer is formed ata position corresponding to

the reflective display section at the surface on the side of
the liquid crystal, and

a region not formed with the alignment film for the retar-

dation layer is present to the seal portion at the outer
peripheral edge of the display region at the surface on the
side of the liquid crystal.
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