US 20110222005A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2011/0222005 A1

Mizusaki et al. 43) Pub. Date: Sep. 15, 2011
(54) LIQUID CRYSTAL DISPLAY AND METHOD (52) US.CL oot 349/123; 445/24
FOR PRODUCING THE SAME
) ABSTRACT
(76) - Inventors: 2{/{) f;nggﬁaﬁl:lzsg;kgs?% (P); A liquid crystal display device (100) according to the present
’ invention includes: an active matrix substrate (220) having a
. pixel electrode (224); a counter substrate (240) having a
(21) Appl.No:: 13/131,700 counter electrode (244); a vertical-alignment type liquid crys-
_ tal layer (260); and alignment sustaining layers (210, 230)
(22) PCT Filed: Jun. 25, 2009 provided between the active matrix substrate (220) and the
iquid crystal layer and between the counter substrate
) liquid crystal layer (260) and b h b

(86) PCTNo.: PCT/IP2009/002931 (240) and the liquid crystal layer (260). The alignment sus-
371 1 taining layers (210, 230) contain a polymerization product
§2 4(%( t),' Mav 27. 2011 (poa) resulting from polymerization of a polyfunctional
(2), (4) Date: ay &l monomer. At least one of the active matrix substrate and the
Publication Classificati counter substrate further includes an alignment film (110,
ublication Classification 120) located on the liquid crystal layer side, the alignment
(51) Int.CL film (110, 120) containing polyimide (pi) and a polymeriza-
GO2F 1/1337 (2006.01) tion product (pob) resulting from polymerization of a poly-

HO01J 9/24 (2006.01) functional monomer.

100
pl
poa
pob
\ \

242 .

120~ _—.

230 -——_

210 —

10— —.

224 ~__ .

222 ~

\ \
,\\ /\/.\\/’AA/ 240
z2~—)00000000000000000000000 1
000000000000000000000000 "
pivv\“/\z/\ 7"
- | )

poa



Patent Application Publication  Sep. 15,2011 Sheet 1 of 7 US 2011/0222005 A1l

FiG 1
100
pob poi ?

242 ~ L \ \
244 ~— < / 240
120 N —~——
230 - g pl )‘\ e \ N PN

-]

=—000000000000000000000000]
000000000000000000000000 |~

210 L
N S NS i
224~ \ { - 220
202 ~ 4 ] ] |
/ p{;b

poa



Patent Application Publication  Sep. 15,2011 Sheet 2 of 7 US 2011/0222005 A1l

FIG.2

(a) pob ;

11{} R o Rt e e e = oy
T pi TN
224~}
222 T
240
b
( ) / . pob k7
TS NS
120 ~m —
244 ~—
242~ T
100
(c) P
pob Poi K?
242 ] \ \ |
24 > 240
120~ ’\‘\ Ndv/
230 - —__| il

= L00000000000000000000000, o
000000000000000000000000

M0~ . " o
e e P ey
224~ \ \ 220
7~ ) /
/ pob

poa



Patent Application Publication  Sep. 15,2011 Sheet 3 of 7 US 2011/0222005 A1l

FIG.3
()
TMAN  Lppt
_cHAN_ [0
W 0L
o (OH ) CF,
/:J 4
—4”———-\
(b)
VA % + \@\(O
Do e
CHAIN [~CHa o
IONIZED SITE
ALGNVENT QU
(C) FILM SURFACE CRYSTAL LAYER
@ i .
IONIZED SITE
(d) ALIGNIVENT [IQUD
FILM SURFACE CRYSTAL LAYER
. -
IONIZED SITE

pob



Patent Application Publication  Sep. 15,2011 Sheet 4 of 7 US 2011/0222005 A1l
FIG 4
ALIGNMENT LIQUID
FILM SURFACE CRYSTAL LAYER|
(a)
. .......................... >
UNREACTED
CROSS-LINKER
(b) ALIGNMENT LIQUID
FILM SURFACE CRYSTAL LAYER
UNREACTED \
ICROSS-LINKER
pob
FIG.5
(a) (b) (c)
200
PD2 Ecd [/
/ K
PB1
PA\1 @ 110 ] 20 g CL\ 3 LT
A : N \ e
b PA2 \ PD3
s ) > O[3 Ly
o U 4 or3 L EG3
Py 5 T Y L ,...,...._.ml ‘‘‘‘‘
| Sl o] N8 ! %)
o ¢ U | eod ( 1 OR4
’ ) )
] @ 7 P82 DL2 s DL3
PD1 /
OR1 OR2 Ty EG2

+X



Patent Application Publication  Sep. 15,2011 Sheet 5 of 7

FiG.6

POLARIZATION AXIS

PD3 {

POLARIZATION AXIS

PD1

FIG. 7

" PD1

PD2
PD3

US 2011/0222005 A1l



Patent Application Publication  Sep. 15,2011 Sheet 6 of 7 US 2011/0222005 A1l

FiG. 8

P

PD3

-0.06

o COMPARATIVE
EoNPRATiVE
-0.08 B XAMPLE 1 ZE —

D VOMPARATIVE
EXAMPLE 1-3

—A—EXAMPLE

|
(=]
-

0 10 20 30 40 50
POWERING TIME (h)



Patent Application Publication  Sep. 15,2011 Sheet 7 of 7 US 2011/0222005 A1l

FIG 10
—— 0 . LT -
i “‘l
Z 002 £ ]
o
j
1Lt
&= -0.04
=
LL )]
2
< -—0.06 (j (&)
& X 4
Ix AN
o & CONPARETIVE FOL R
£ -008 L i v
) _E}_"OMPARATIVE
g S OMPARATIE
< I R
-0.1 —A—EXAMPLE L 1
0 10 20 30 40 50

POWERING TIME {h)



US 2011/0222005 Al

LIQUID CRYSTAL DISPLAY AND METHOD
FOR PRODUCING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a method of producing the same.

BACKGROUND ART

[0002] Liquid crystal display devices are used not only as
small-sized display devices, e.g., the display sections of
mobile phones, but also as large-sized television sets. Liquid
crystal display devices of the TN (Twisted Nematic) mode,
which have often been used conventionally, have relatively
narrow viewing angles. In recent years, however, liquid crys-
tal display devices with wide viewing angles have been pro-
duced, e.g., the IPS (In-Plane Switching) mode and the VA
(Vertical Alignment) mode. Among such modes with wide
viewing angles, the VA mode is adopted in a large number of
realize a high contrast ratio.

[0003] As one kind of VA mode, the MVA (Multi-domain
Vertical Alignment) mode is known, under which a plurality
of liquid crystal domains are created in one pixel region. An
MVA-mode liquid crystal display device includes alignment
regulating structures provided on the liquid-crystal-layer side
of at least one of a pair of opposing substrates, between which
a vertical-alignment type liquid crystal layer is interposed.
The alignment regulating structures may be linear slits (aper-
tures) or ribs (protruding structures) that are provided on
electrodes, for example. The alignment regulating structures
provide alignment regulating forces from one side or both
sides of the liquid crystal layer, thus creating a plurality of
liquid crystal domains (typically four liquid crystal domains)
with different alignment directions, whereby the viewing
angle characteristics are improved.

[0004] Also known as one kind of VA mode is the CPA
(Continuous Pinwheel Alignment) mode. In a generic liquid
crystal display device of the CPA mode, pixel electrodes of a
highly symmetrical shape are provided, and on a counter
electrode, protrusions are provided corresponding to the cen-
ters of liquid crystal domains. These protrusions are also
referred to as rivets. When a voltage is applied, in accordance
withan oblique electric field which is created with the counter
electrode and a highly symmetrical pixel electrode, liquid
crystal molecules take an inclined alignment of a radial shape.
Moreover, the inclined alignment of the liquid crystal mol-
ecules are stabilized due to the alignment regulating forces of
side slopes of the rivets. Thus, the liquid crystal molecules in
one pixel are aligned in a radial shape, thereby improving the
viewing angle characteristics.

[0005] Unlike in TN-mode liquid crystal display devices in
which the pretilt direction of liquid crystal molecules is regu-
lated by an alignment film, alignment regulating forces in an
MVA-mode liquid crystal display device are applied to the
liquid crystal molecules by linear slits or ribs. Therefore,
depending on distances from the slits and ribs, the alignment
regulating forces for the liquid crystal molecules within a
pixel region will differ, thus resulting in differing response
speeds of the liquid crystal molecules within the pixel. Simi-
larly, also in the CPA mode, the response speeds of the liquid
crystal molecules will differ within the pixel, and the differ-
ences in response speed will become more outstanding as the
pixel electrodes increase in size. Furthermore, in a VA-mode
liquid crystal display device, the light transmittance in the
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regions in which slits, ribs, or rivets are provided is low, thus
making it difficult to realize a high luminance.

[0006] In order to avoid the above problems, use of an
alignment film for applying alignment regulating forces to
liquid crystal molecules in a VA-mode liquid crystal display
device is also known, such that the liquid crystal molecules
will tilt from the normal direction of a principal face of the
alignment film in the absence of an applied voltage (see, for
example, Patent Document 1). The alignment film regulates
the liquid crystal molecules so that the liquid crystal mol-
ecules are inclined from the normal direction of a principal
face thereof even in the absence of an applied voltage,
whereby an improvement in response speed is realized. Fur-
thermore, since the alignment film regulates the pretilt azi-
muth of liquid crystal molecules so that the liquid crystal
molecules within one pixel will be symmetrically aligned, the
viewing angle characteristics are improved. In a liquid crystal
display device disclosed in Patent Document 1, four liquid
crystal domains are formed in a liquid crystal layer in accor-
dance with a combination of two alignment regions of a first
alignment film and two alignment regions of a second align-
ment film, whereby a wide viewing angle is realized.

[0007] However, a liquid crystal display device that has a
pretilt conferred thereto may not have adequate long-term
reliability. Therefore, use of a Polymer Sustained Alignment
Technology (hereinafter referred to as the “PSA technique™)
to improve the long-term reliability is known (see Patent
Document 2, for example). The PSA technique is a technique
where a small amount of polymerizable compound (e.g., a
polymerizable monomer) is mixed in a liquid crystal material,
and after the liquid crystal material is introduced between an
active matrix substrate and a counter substrate, the polymer-
izable compound is irradiated with ultraviolet light to form a
polymerization product while applying a voltage between the
pixel electrodes and the counter electrode. By using the PSA
technique, the alignment state of the liquid crystal molecules
when generating the polymerization product is maintained
(stored), thus making it possible to control the pretilt direction
of the liquid crystal molecules.

CITATION LIST
[0008] Patent Literature
[0009] [Patent Document 1] Japanese Laid-Open Patent

Publication No. 11-352486

[0010] [Patent Document 2] Japanese Laid-Open Patent
Publication No. 2008-076950
SUMMARY OF INVENTION
Technical Problem

[0011] Generally speaking, when a liquid crystal display
device keeps displaying the same pattern for a long time, the
previous pattern may remain even after the displayed image is
changed. Such a phenomenon is also called image sticking.
For example, after displaying white in a partial region of the
screen and black in another region for a long time, if the entire
liquid crystal panel is caused to display the same intermediate
gray scale level, the region previously displaying white may
appear slightly brighter than the region previously displaying
black.

[0012] One cause of such image sticking is charge accumu-
lation. The amount of charge accumulated in the region which
was displaying black is different from the amount of charge
accumulated in the region which was displaying white, and an
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electric field occurs because impurity ions in the liquid crystal
accumulate at the interface between the alignment film and
the liquid crystal layer. Therefore, when entirely switched to
the same gray scale level, different voltages are applied to the
layers of liquid crystal in the respective regions which were
displaying white and black, thus being perceived as image
sticking.

[0013] Image sticking caused by such charge accumulation
can be somewhat suppressed by applying voltages of inverted
polarities to the respective pixels. An image sticking caused
by charge accumulation is also called DC image sticking, and
the driving which involves applying voltages of inverted
polarities for the sake of suppressing DC image sticking is
also called polarity inversion driving. Strictly speaking, even
with polarity inversion driving, it is difficult to apply voltages
of completely symmetric polarities and thus a resultant image
sticking may be perceived as flickering.

[0014] Moreover, image sticking will also occur when
minute changes in the pretilt angle occur. When the pretilt
angle changes, the V-T characteristics are affected, and thus
the transmittance will vary even if the same voltage is applied.
Since the applied voltage when displaying white is different
from the applied voltage when displaying black, the amount
of change in the pretilt angle will vary depending on the
applied voltage. When later entirely switched to the same
gray scale level, image sticking may be perceived due to
changes in the pretilt angle. This is considered to be because
the tilt of the liquid crystal molecules increases (i.e., the
pretilt angle decreases) as the applied voltage increases. Such
image sticking cannot be suppressed even by performing
polarity inversion driving, and is also called AC image stick-
ing. As is also disclosed in Patent Document 2, by using the
aforementioned PSA technique, it is possible to suppress AC
image sticking to a certain extent. However, some image
sticking may still persist even if a polymerization product is
formed from a monomer which is mixed in the liquid crystal
material.

[0015] The present invention has been made in view of the
above problems, and an objective thereofis to provide a liquid
crystal display device whose image sticking is suppressed and
a method of producing the same.

Solution to Problem

[0016] A liquid crystal display device according to the
present invention is a liquid crystal display device compris-
ing: an active matrix substrate having a pixel electrode; a
counter substrate having a counter electrode; a vertical-align-
ment type liquid crystal layer provided between the active
matrix substrate and the counter substrate; and alignment
sustaining layers provided between the active matrix sub-
strate and the liquid crystal layer and between the counter
substrate and the liquid crystal layer, the alignment sustaining
layers containing a polymerization product resulting from
polymerization of a polyfunctional monomer, wherein, at
least one of the active matrix substrate and the counter sub-
strate further includes an alignment film; and the alignment
film contains polyimide and a polymerization product result-
ing from polymerization of a polyfunctional monomer.
[0017] Inoneembodiment, the polyfunctional monomer of
the polymerization product contained in the alignment film
has a plurality of vinyl groups.
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[0018] Inoneembodiment, the polyfunctional monomer of
the polymerization product contained in the alignment film is
represented by general formula (1) Pb1-Abl-(Zb1-Ab2)n-
Pb2 (in general formula (1), Pb1 and Pb2 are, independently,
acrylate, methacrylate, acrylamide, or methacrylamide; Abl
and Ab2 represent, independently, 1,4-phenylene, 1,4-cyclo-
hexane or 2,5-thiophene, or naphthalene-(2,6)-diyl or
anthracene-(2,7)-diyl; and Z1 is a —COO— group, a
—OCO— group, a —O— group, a —CONH— group or a
single bond, where n is 0 or 1).

[0019] In one embodiment, at least one of Ab1l and Ab2 is
substituted by at least one fluorine group.

[0020] Inoneembodiment, the polyfunctional monomer of
the polymerization product contained in the alignment film
includes a dimethacrylate monomer.

[0021] Inone embodiment, the dimethacrylate monomer is
represented by structural formula (1a).

[Formula 1]

(la)
TH; (|2H3
Il I
CH, O O CH,

[0022] Inoneembodiment, the polyfunctional monomer of
the polymerization product contained in the alignment sus-
taining layers has a plurality of vinyl groups.

[0023] Inoneembodiment, the polyfunctional monomer of
the polymerization product contained in the alignment sus-
taining layers is represented by general formula (2) Pal-Aal-
(Zal-Aa2)n-Pa2 (in general formula (2), Pal and Pa2 are,
independently, acrylate, methacrylate, acrylamide, or meth-
acrylamide; Aal and Aa2 represent, independently, 1,4-phe-
nylene, 1, 4-cyclohexane or 2,5-thiophene, or naphthalene-
(2,6)-diyl or anthracene-(2,7)-diyl; and Zal is a —COO—
group, a —OCO— group, a —O— group, a —CONH—
group or a single bond, where n is 0 or 1).

[0024] In one embodiment, at least one of Aal and Aa2 is
substituted by at least one fluorine group.

[0025] Inoneembodiment, the polyfunctional monomer of
the polymerization product contained in the alignment sus-
taining layers includes a dimethacrylate monomer.

[0026] Inoneembodiment, the dimethacrylate monomeris
represented by structural formula (2a).

[Formula 2]
Qa)
CH;
é—c—o @ CH;
EHZ (ll @ O—C—é
i,
[0027] In one embodiment, the polyimide is a polyimide

including a structure represented by general formula (3).
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[Formula 3]
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[0028] Inoneembodiment, the polyimide has a photoreac-
tive functional group.

[0029] In one embodiment, the photoreactive functional
group is one selected from the group consisting of a cin-
namate group, a chalcone group, a tolan group, a coumarin
group, and an azobenzene group.
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[0030] In one embodiment, the polyimide is a polyimide
including a structure represented by structural formula (3a).

[Formula 4]
o o (3a)
LORK
[main chain}-CH, -0
4=CF3

[0031] In one embodiment, the polyimide has a vertical
alignment group in a side chain thereof.

[0032] Inoneembodiment, the polyimide is represented by
structural formula (3b).

[Formula 5]
(3b)
0] e}
: )
m
5o

[0033] In one embodiment, the alignment film regulates
liquid crystal molecules in the liquid crystal layer so that the
liquid crystal molecules are inclined with respect to a normal
direction of a principal face of the alignment film in the
absence of an applied voltage.

[0034] Inoneembodiment, theliquid crystal display device
has a plurality of pixels; and in each of the plurality of pixels,
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the liquid crystal layer has a plurality of liquid crystal
domains having respectively different reference alignment
azimuths.

[0035] In one embodiment, the plurality of liquid crystal
domains are four liquid crystal domains.

[0036] A method of producing a liquid crystal display
device according to the present invention is a method of
producing a liquid crystal display device, the method com-
prising the steps of: forming an active matrix substrate and a
counter substrate; and forming a liquid crystal layer between
the active matrix substrate and the counter substrate, and
forming alignment sustaining layers between the active
matrix substrate and the liquid crystal layer and between the
counter substrate and the liquid crystal layer, the alignment
sustaining layers containing a polymerization product result-
ing from polymerization of a polyfunctional monomer,
wherein the step of forming the active matrix substrate and
the counter substrate comprises a step of providing a first
insulative substrate having a pixel electrode provided thereon
and a second insulative substrate having a counter electrode
provided thereon, and a step of forming an alignment film on
at least one of the pixel electrode and the counter electrode,
the alignment film containing polyimide and a polymeriza-
tion product resulting from polymerization of a polyfunc-
tional monomer.

[0037] In one embodiment, the step of forming the align-
ment film comprises: a step of providing an alignment film
material containing a precursor of the polyimide and the
polyfunctional monomer; and a step of applying the align-
ment film material and performing a heat treatment, thereby
imidizing the precursor of the polyimide to form the polyim-
ide and forming a polymerization product resulting from
polymerization of the polyfunctional monomer.

[0038] In one embodiment, the step of performing a heat
treatment comprises a step of conducting a pre-bake and
thereafter conducting a post-bake at a higher temperature
than in the pre-bake.

[0039] In one embodiment, the step of forming the align-
ment sustaining layers comprises a step of performing light
irradiation.

Advantageous Effects of Invention

[0040] According to the present invention, a liquid crystal
display device whose image sticking is suppressed can be
provided.

BRIEF DESCRIPTION OF DRAWINGS

[0041] FIG.1 A schematic diagram of an embodiment of a
liquid crystal display device according to the present inven-
tion.

[0042] FIG. 2 (a) to (c) are schematic diagrams each illus-
trating a method of producing a liquid crystal display device
of the present embodiment.

[0043] FIG. 3 (a) is a schematic diagram showing a side
chain of polyimide; () is a schematic diagram showing emer-
gence of an ionized site; (c) is a schematic diagram showing
the ionized site dissolving into a liquid crystal layer; and (d)
is a schematic diagram showing how dissolution of the ion-
ized site into the liquid crystal layer is suppressed in the liquid
crystal display device of the present embodiment.

[0044] FIG. 4 (a) is a schematic diagram showing dissolu-
tion of unreacted cross-linker into a liquid crystal layer; and
(b) is a schematic diagram showing how the dissolution of
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unreacted cross-linker into the liquid crystal layer is sup-
pressed in the liquid crystal display device of the present
embodiment.

[0045] FIG. 5 (a) is a schematic diagram of an alignment
film of'the liquid crystal display device of the present embodi-
ment; (b)is a schematic diagram of the alignment film; and (¢)
is a schematic diagram showing alignment directions of lig-
uid crystal molecules in the centers of liquid crystal domains.
[0046] FIG. 6 A schematic diagram showing alignment
directions of liquid crystal molecules in one liquid crystal
domain of the liquid crystal display device of the present
embodiment.

[0047] FIG. 7 A schematic diagram showing alignment
treatment directions for first and second alignment films as
viewed from the viewer’s side.

[0048] FIG. 8 A schematic diagram showing alignment
treatment directions for the first and second alignment films
as viewed from the viewer’s side.

[0049] FIG. 9 A graph showing amounts of change in the
pretilt angle against powering time.

[0050] FIG. 10 A graph showing amounts of change in the
pretilt angle against powering time.

DESCRIPTION OF EMBODIMENTS

[0051] Hereinafter, with reference to the drawings, an
embodiment of a liquid crystal display device according to
the present invention and a method of producing the same will
be described.

[0052] FIG. 1 shows a schematic diagram of a liquid crystal
display device 100 of the present embodiment. The liquid
crystal display device 100 includes an active matrix substrate
220 having a first alignment film 110, a counter substrate 240
having a second alignment film 120, and a liquid crystal layer
260 provided between the active matrix substrate 220 and the
counter substrate 240. The liquid crystal display device 100
further includes a first alignment sustaining layer 210 located
between the liquid crystal layer 260 and the active matrix
substrate 220 and a second alignment sustaining layer 230
located between the liquid crystal layer 260 and the counter
substrate 240.

[0053] The active matrix substrate 220 further includes a
first insulative substrate 222 and pixel electrodes 224, such
that the first alignment film 110 covers the pixel electrodes
224. Moreover, the counter substrate 240 further includes a
second insulative substrate 242 and a counter electrode 244,
such that the second alignment film 120 covers the counter
electrode 244. For example, the first and second insulative
substrates 222 and 242 are transparent glass substrates.
[0054] Theliquidcrystal display device 100 includes pixels
composing a matrix of a plurality of rows and a plurality of
columns. On the active matrix substrate 220, at least one
switching element (e.g., thin film transistor (Thin Film Tran-
sistor: TFT))(not shown in the figure) is provided for each
pixel, and the active matrix substrate 220 is also referred to a
TFT substrate. In the present specification, a “pixel” refers to
the smallest unit that expresses a specific gray scale level in
displaying; in the case of multicolor displaying, a “pixel”
corresponds to a unit that expresses a gray scale level of each
of R, G, and B, for example, and is also referred to as a dot. A
combination of an R pixel, a G pixel, and a B pixel composes
a single color displaying pixel. A “pixel region” refers to a
region of the liquid crystal device 100 that corresponds to a
“pixel” in displaying.
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[0055] Although not shown, a polarizer is provided on each
of the active matrix substrate 220 and the counter substrate
240. Therefore, the two polarizers are disposed so as to
oppose each other with the liquid crystal layer 260 interposed
therebetween. The transmission axes (polarization axes) of
the two polarizers are positioned so as to be orthogonal to
each other, such that one of them extends along the horizontal
direction (row direction), whereas the other extends along the
vertical direction (column direction).

[0056] Although not shown in the figure, the liquid crystal
display device 100 includes a liquid crystal panel, a driving
circuit for driving the liquid crystal panel, and a control circuit
for controlling the driving circuit. As necessary, the liquid
crystal display device 100 may include a backlight.

[0057] The first alignment sustaining layer 210 is located
between the first alignment film 110 and the liquid crystal
layer 260. The second alignment sustaining layer 230 is
located between the second alignment film 120 and the liquid
crystal layer 260. Each of the first and second alignment
sustaining layers 210 and 230 contains a polymerization
product poa. The polymerization product poa is formed
through polymerization of a precursor, which is a polyfunc-
tional monomer. Specifically, after a liquid crystal material
having the polyfunctional monomer mixed thereto is intro-
duced between the active matrix substrate 220 and the counter
substrate 240, the precursor is polymerized to form the poly-
merization product poa, and the polymerization product poa
becomes phase-separated from the liquid crystal layer 260,
whereby the first and second alignment sustaining layers 210
and 230 are formed.

[0058] The first alignment film 110 contains polyimide pi
and a polymerization product pob. Similarly, the second
alignment film 120 contains polyimide pi and the polymer-
ization product pob. Polyimide pi is formed by imidizing a
precursor thereof. The polymerization product pob is formed
through polymerization of a polyfunctional monomer (pre-
cursor). The polymerization is performed by applying heat or
light to the polyfunctional monomer.

[0059] The first alignment film 110 is formed from an
alignment film material. The alignment film material is
obtained by allowing the precursor of polyimide pi and the
polyfunctional monomer to be dissolved in a solvent. For
example, after applying the alignment film material, a heat
treatment is performed to evaporate the solvent and effect
imidization and polymerization, whereby the first alignment
film 110 containing the polyimide pi and the polymerization
product pob is formed. The heat treatment is performed twice
at different temperatures, for example. Similarly, after apply-
ing the alignment film material, a heat treatment is performed
to evaporate the solvent and effect imidization and polymer-
ization, whereby the second alignment film 120 containing
the polyimide pi and the polymerization product pob is
formed.

[0060] As from the above, in the liquid crystal display
device 100 of the present embodiment, the polymerization
product poa within the first alignment sustaining layer 210
and the polymerization product pob within the first alignment
film 110 are present in the neighborhood of the boundary
between the active matrix substrate 220 and the liquid crystal
layer 260. Similarly, the polymerization product poa within
the second alignment sustaining layer 230 and the polymer-
ization product pob within the second alignment film 120 are
present in the neighborhood of the boundary between the
counter substrate 240 and the liquid crystal layer 260. In the
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following description of the present specification, the poly-
merization product poa facing the liquid crystal layer 260
may be referred to as an upper polymerization product poa,
whereas the polymerization product pob facing the insulative
substrates 222 and 242 may be referred to as a lower poly-
merization product pob. Also, in the following description, a
polyfunctional monomer that is the precursor of the upper
polymerization product poa may be represented as a poly-
functional monomer ma, whereas a polyfunctional monomer
that is the precursor of the lower polymerization product pob
may be represented as a polyfunctional monomer mb.

[0061] The liquid crystal layer 260 contains a nematic lig-
uid crystal material (liquid crystal molecules 262) having
negative dielectric anisotropy. The first alignment film 110
and the second alignment film 120 are each treated so that the
pretilt angle of the liquid crystal molecules 262 is less than
90° with respect to the surface of the vertical alignment film.
The pretilt angle of the liquid crystal molecules 262 is an
angle between principal faces of the first alignment film 110
and the second alignment film 120 and the major axis of each
liquid crystal molecule 262 that is regulated in a pretilt direc-
tion.

[0062] Although the liquid crystal layer 260 is of a vertical-
alignment type, due to the first alignment film 110 and the
second alignment film 120, the liquid crystal molecules 262
in its neighborhood are slightly inclined from the normal
directions of the principal faces of the first and second align-
ment films 110 and 120. The pretilt angle is within a range
from 85° to 89.7°, for example. The pretilt angle is measured
by crystal rotation technique, for example. The side chain of
the polyimide pi regulates the pretilt direction of the liquid
crystal molecules 262. In the following description, this com-
ponent may also be referred to as a pretilt-angle-exhibiting
component.

[0063] Note that the pretilt azimuth of the liquid crystal
molecules 262 introduced by the first alignment film 110 is
different from the pretilt azimuth of the liquid crystal mol-
ecules 262 introduced by the second alignment film 120. For
example, the pretilt azimuth of the liquid crystal molecules
262 introduced by the first alignment film 110 intersects, at
90°, the pretilt azimuth of the liquid crystal molecules 262
introduced by the second alignment film 120. Herein, no
chiral agent is added to the liquid crystal layer 260, and when
a voltage is applied across the liquid crystal layer 260, the
liquid crystal molecules 262 in the liquid crystal layer 260
take a twist alignment in accordance with the alignment regu-
lating forces from the first and second alignment films 110
and 120. However, a chiral agent may be added to the liquid
crystal layer 260 as necessary. In combination with polarizers
which are placed in crossed Nicols, the liquid crystal layer
260 performs displaying in a normally black mode.

[0064] Moreover, each of the first and second alignment
films 110 and 120 may have a plurality of alignment regions
for each pixel. For example, a portion of the first alignment
film 110 may be masked, and after a predetermined region of
the first alignment film 110 is irradiated with light from a
certain direction, another region which was not irradiated
with light may be irradiated with light from a different direc-
tion. Furthermore, the second alignment film 120 is also
formed similarly. In this manner, regions that confer different
alignment regulating forces can be formed in each of the first
and second alignment films 110 and 120.
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[0065] The polyimide pi may include a photoreactive func-
tional group in its main chain or side chain. The polyimide pi
includes a structure represented by general formula (3), for
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[Formula 6]
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-continued

O O Q

[0066] Moreover, the side chain of the polyimide pi may
include a photoreactive functional group. In this case, a
dimerization site is formed in the side chain through light
irradiation. An alignment film containing such polyimide piis
also referred to as a photo-alignment film. The photoreactive
functional group is a cinnamate group, a chalcone group, a
tolan group, a coumarin group, or an azobenzene group, for
example. In this case, by irradiating the first or second align-
ment film 110 or 120 with light from a direction which is
oblique with respect to the normal direction of its principal
face, an alignment regulating force is applied to the polyimide
pi such that the liquid crystal molecules 262 are aligned so as
to be inclined from the normal directions of the principal
faces of the first and second alignment films 110 and 120 in
the absence of an applied voltage. Such polyimide pi is also
referred to as a photo-alignable polyimide, and such a treat-
ment is also referred to as a photo-alignment treatment. Since
a photo-alignment treatment is performed without involving
any contact, static electricity will not occur due to friction as
in a rubbing treatment, and thus the production yield can be
improved. Moreover, the side chain of the polyimide pi may
contain a fluorine atom. When the side chain contains a fluo-
rine atom, the aforementioned image sticking is suppressed to
a certain extent. For example, the polyimide pi includes a
structure represented by structural formula (3a).

[Formula 7]
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[0067] Alternatively, the side chain of the polyimide pi may
include a vertical alignment group. A polyimide having a

side
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vertical alignment group as a side chain is also referred to as
a vertical-alignment type polyimide. After formation of the
first and second alignment films 110 and 120, the first and
second alignment films 110 and 120 may be subjected to a
rubbing treatment or an ion beam irradiation, whereby a
pretilt can be conferred to the liquid crystal molecules 262.
For example, AL60101 manufactured by JSR Corporation is
used as the precursor of the polyimide pi. In this case, the
polyimide pi is represented by structural formula (3b).

[Formula 8]

(3b)

side chain

Herein, the side chain of the polyimide is a saturated aliphatic
or unsaturated aliphatic compound.

[0068] Moreover, a cross-linker may be mixed in the align-
ment film material. For example, the cross-linker is an epoxy-
type cross-linker, e.g., a compound represented by structural
formula (4). By using such a cross-linker, DC image sticking
can be suppressed.

[Formula 9]
@
O O
(6] (6]
[0069] The polymerization product pob is obtained by

polymerizing the polyfunctional monomer mb. For example,
the polyfunctional monomer mb has a plurality of vinyl
groups. For example, the polyfunctional monomer mb is rep-
resented by general formula (1) Pb1-Abl-(Zb1-Ab2)n-Pb2.
In general formula (1), Pb1 and Pb2 are, independently, acry-
late, methacrylate, acrylamide, or methacrylamide; Ab1 and
Ab2 represent, independently, 1,4-phenylene, 1,4-cyclohex-
ane or 2,5-thiophene, or naphthalene-(2,6)-diyl or
anthracene-(2,7)-diyl; and Zbl is a —COO— group, a
—OCO— group, a —O— group, a —CONH— group or a
single bond, where nis 0 or 1. Specifically, the polyfunctional
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monomer mb is biphenyldimethacrylate. The polyfunctional
monomer mb is represented by structural formula (1a), for
example.

[Formula 10]
(la)
THg TH3
Il I
CH, O 0 CH,
[0070] As for the polyfunctional monomer mb, at least one

of Abl and Ab2 may be substituted by at least one fluorine
group in the aforementioned general formula (1); for
example, a part of the biphenyl group in biphenyldimethacry-
late may be substituted by a fluorine group. When the poly-
functional monomer mb has any fluorine groups, more poly-
functional monomer mb and more polymerization product
thereof will be present on the surface of the first and second
alignment films 110 and 120, thereby enhancing the effect of
tilt angle stabilization. Moreover, it is preferable that the
polyfunctional monomer mb has a symmetric structure; for
example, it is preferable that an even number of hydrogen
groups are substituted by fluorine groups.

[0071] The first and second alignment films 110 and 120
contain not only the polymerization product pob but also the
polyimide pi, and thus, thermal resistance, solvent resistance,
hygroscopicity, and other characteristics of the first and sec-
ond alignment films 110 and 120 are substantially non-infe-
rior to those of a commonly-used alignment film formed only
of polyimide. Moreover, the first and second alignment films
110 and 120 contain the polymerization product pob,
whereby the first and second alignment films 110 and 120 are
structurally stabilized.

[0072] As described above, the alignment sustaining layers
210 and 230 contain the polymerization product poa. The
polymerization product poa is obtained by polymerizing the
polyfunctional monomer ma, and the polyfunctional mono-
mer ma has a plurality of vinyl groups. For example, the
polyfunctional monomer ma is represented by general for-
mula (2) Pal-Aal-(Zal-Aa2)n-Pa2. In general formula (2),
Pal and Pa2 are, independently, acrylate, methacrylate, acry-
lamide, or methacrylamide; Aal and Aa2 represent, indepen-
dently, 1,4-phenylene, 1,4-cyclohexane or 2,5-thiophene, or
naphthalene-(2,6)-diyl or anthracene-(2,7)-diyl; and Zal is a
—COO— group, a —OCO— group, a —O— group, a
—CONH— group or a single bond, wherenis O or 1.
[0073] Specifically, the polyfunctional monomer ma is rep-
resented by structural formula (2a).

[Formula 11]
Qa)
CH;
é—c—o @ CH;
HHZ (ll @ O—C—é
i,
[0074] Moreover, at least one of Aal and Aa2 may be sub-

stituted by at least one fluorine group. In the liquid crystal
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display device 100, the polyimide pi and the polymerization
product pob are present in the first alignment film 110; how-
ever, in the first alignment sustaining layer 210, the polymer-
ization product poa is present, but not the polyimide pi. Simi-
larly, both of the polyimide pi and the polymerization product
pob are present in the second alignment film 120; however, in
the second alignment sustaining layer 230, the polymeriza-
tion product poa is present, but not the polyimide pi.

[0075] Intheliquid crystal display device 100 ofthe present
embodiment, not only the upper polymerization product poa
but also the lower polymerization product pob exists at the
interface of the liquid crystal layer 260. Therefore, changes in
the alignment function are sufficiently suppressed, and the
pretilt angle of the liquid crystal molecules 262 in the liquid
crystal layer 260 is maintained. When the monomer is a
monofunctional monomer, the resultant polymerization
product, i.e., a long linear polymer, is liable to deformation,
and therefore changes in the alignment function cannot be
sufficiently suppressed. On the other hand, when the mono-
mer is a polyfunctional monomer, its polymerization product
can sufficiently suppress changes in the alignment function.

[0076] Therespective concentrations of the upper polymer-
ization product poa and the lower polymerization product pob
can be measured through a chemical analysis, such as nuclear
magnetic resonance (NMR), Fourier transform infrared spec-
trometry (FT-IR), or mass spectrometry (MS). For example,
the respective concentrations of the upper polymerization
product poa and the lower polymerization product pob are
measured by time of flight-secondary ion mass spectrometry
(Time Of Flight-Secondary Ion Mass Spectrometry: TOP-
SIMS). Alternatively, the concentrations of the upper poly-
merization product poa and the lower polymerization product
pob are also measurable by X-ray photoelectron spectroscopy
(X-ray Photoelectron Spectroscopy: XPS). In the case of
XPS, for example, an apparatus manufactured by ULVAC-
PHI, INCORPORATED may be used to analyze the atoms in
the depth direction while etching with C60.

[0077] Intheliquid crystal display device 100 of the present
embodiment, as described above, the polymerization prod-
ucts poa and pob are present at the interface of the liquid
crystal layer 260. As a result of this, the pretilt direction of the
liquid crystal molecules 262 is fixed. This is presumably
because the polymerization products poa and pob suppress
deformation of the pretilt-angle-exhibiting component, thus
allowing the alignment direction of the liquid crystal mol-
ecules 262 to be maintained.

[0078] Moreover, since the first and second alignment films
110 and 120 contain the polymerization product pob, impu-
rities and the like which occurred due to damage during the
alignment treatment are stabilized, whereby occurrence of
impurity ions is suppressed. As a result of this, the residual
DC voltage and voltage holding ratio are improved, as a result
of which the occurrence of image sticking is suppressed.
[0079] Hereinafter, with reference to FIG. 2, a method of
producing the liquid crystal display device 100 will be
described.

[0080] First, as shown in FIG. 2(a), the pixel electrodes 224
are formed on the first insulative substrate 222. Although not
shown in FIG. 2(a), TFTs and wiring lines and the like that are
connected thereto are provided between the first insulative
substrate 222 and the pixel electrodes 224. Next, the first
alignment film 110 covering the pixel electrodes 224 is
formed.
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[0081] Formation of the first alignment film 110 is per-
formed as follows. First, the alignment film material is
obtained (as a mixture) by allowing the precursor of the
polyimide pi and the polyfunctional monomer mb to be dis-
solved in a solvent. For example, the precursor (polyamic
acid) of the polyimide pi includes a structure represented by
general formula (3").

[Formula 12]
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[0082] The precursor of the polyimide pi may have a cin-
namate group as the photoreactive functional group. More-
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over, this side chain may contain a fluorine atom. When the
side chain contains a fluorine atom, the aforementioned
image sticking is suppressed to a certain extent. Specifically,
the precursor of the polyimide pi includes a structure repre-
sented by structural formula (3a').

[Formula 13]
(a)
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[0083] Alternatively, the precursor of the polyimide pi may
have a vertical alignment group in its side chain, and
AL60101 manufactured by JSR Corporation may be used.
Specifically, the precursor of the polyimide pi is represented
by structural formula (3b").

[Formula 14]

(3b)

HOOC
Il\T— Y
COOH
side chain
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Herein, the side chain is a saturated aliphatic or unsaturated
aliphatic compound.
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[0084] Inthe present embodiment, as described earlier, the
alignment film material contains the polyfunctional mono-
mer mb. The polyfunctional monomer mb may have two or
more directly-bonded ring structures or one or more con-
densed ring structures, for example. For example, a meth-
acrylate-type monomer or an acrylate-type monomer is used
as the polyfunctional monomer mb. Specifically, the poly-
functional monomer mb is represented by structural formula

(1a).

[Formula 15]
(la)
I I
Il Il
CH, O 0 CH,
[0085] Moreover, the solvent contains y-butyrolactone and

N-methylpyrrolidone (N-methylpyrrolidone: NMP), for
example. The concentration of the polyfunctional monomer
mb on the basis of the alignment film material is no less than
2 wt % and no more than 20 wt %, for example.

[0086] Next, the alignment film material is applied on the
pixel electrodes 224. Application of the alignment film mate-
rial is performed by a printing technique, an ink jet technique,
or a spin coating technique.

[0087] Next, a heat treatment is conducted. As the heat
treatment, for example, two heat treatments may be per-
formed at different temperatures. Specifically, after perform-
ing afirstheat treatment, a second heat treatment is performed
at a higher temperature than that of the first heat treatment.
The first heat treatment removes most of the solvent. In the
following description, what remains after the solvent has
been substantially removed will be referred to as an alignment
film. Through the subsequent second heat treatment, imidiza-
tion progresses, whereby the alignment film is stabilized. The
first heat treatment is also referred to as a preliminary bake or
apre-bake, and the second heat treatment is also referred to as
a full bake or a post-bake. Through the heat treatment, the
polyamic acid is imidized, whereby the polyimide pi is
formed. The polyimide pi includes a structure represented by
general formula (3), for example.

5 OO0

[Formula 16]
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[0088] Note that the polyamic acid does not need to be
completely imidized, and a portion thereof may still be
polyamic acid. Moreover, through the heat treatment, the
polyfunctional monomer mb is polymerized to form the poly-
merization product pob. The polyfunctional monomer mb
polymerizes at a temperature which is equal to or less than
that of the post-bake. The polymerization product pob exists
also on the surface of the first alignment film 110. In this
manner, the first alignment film 110 is formed.

[0089] Next, the first alignment film 110 is subjected to an
alignment treatment. The alignment treatment may be per-
formed after the first heat treatment (pre-bake), or after the
second heat treatment (post-bake), in the formation of the first
alignment film 110. For example, the alignment treatment is
performed by irradiating the first alignment film 110 with
light. For example, light of wavelengths in the range of no less
than 250 nm and no more than 400 nm is radiated onto the first
alignment film 110 at an irradiation dose of no less than 20
mJ/cm? and no more than 200 mJ/cm?, from a direction which
is inclined from the normal direction of the principal face of
the first alignment film 110. If the irradiation dose increases
from 200 mJ/cm?, the alignment film may deteriorate so that
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the voltage holding ratio and the like may be lowered. More-
over, the irradiation angle of light may be in the range of no
less than 5° and no more than 85°, and preferably no less than
40° and no more than 60°, from the normal direction of the
principal face of the first alignment film 110. Note that, when
the irradiation angle is small, it becomes difficult to confer a
pretilt angle; when the irradiation angle is large, it takes more
time to confer the same pretilt angle. Moreover, light may be
unpolarized light, linearly polarized light, elliptically polar-
ized light, or circularly polarized light. However, linearly
polarized light is to be used in the case where a cinnamate
group is used as the photoreactive functional group. Alterna-
tively, as the alignment treatment, the first alignment film 110
may be subjected to a rubbing treatment or an ion beam
irradiation.

[0090] As shown in FIG. 2(5), the counter electrode 244 is
formed on the second insulative substrate 242. Next, the
second alignment film 120 is formed on the counter electrode
244.

[0091] Formation of the second alignment film 120 is per-
formed as follows. First, an alignment film material is pro-
vided. This alignment film material may be similar to that of
the first alignment film 110. The alignment film material is
applied, and a heat treatment is performed. The heat treatment
removes most of the solvent. Through the subsequent second
heat treatment, imidization progresses, whereby the align-
ment film is stabilized. The polyamic acid is imidized to form
the polyimide pi. Moreover, through the heat treatment, the
polyfunctional monomer mb is polymerized to form the poly-
merization product pob, such that the polymerization product
pob exists also on the surface of the second alignment film
120. Thereafter, the second alignment film 120 is subjected to
an alignment treatment. The alignment treatment is per-
formed in a similar manner to the first alignment film 110.
[0092] Next, as shown in FIG. 2(¢), the active matrix sub-
strate 220 and the counter substrate 240 are attached together
so that the first alignment film 110 and the second alignment
film 120 oppose each other. In the present specification, the
active matrix substrate and the counter substrate being
attached together before formation of the liquid crystal layer
may also be referred to as a “vacant panel”.

[0093] Next, aliquid crystal material is provided. The poly-
functional monomer ma is mixed in the liquid crystal mate-
rial. Specifically, the polyfunctional monomer ma is repre-
sented by structural formula (2a), for example.

[Formula 17]
a)
CH;
é—c—o @ CH;
N /g W
i,
[0094] The liquid crystal material is introduced between

the first alignment film 110 and the second alignment film 120
of the vacant panel. As described above, the first and second
alignment films 110 and 120 have been subjected to an align-
ment treatment, and thus the liquid crystal molecules 262 are
aligned so as to be inclined from the normal directions of the
principal faces of the first and second alignment films 110 and
120 even in the absence of an applied voltage. Moreover, the



US 2011/0222005 Al

polymerization product pob has been formed, and even this
alone can suppress image sticking caused by changes in the
pretilt angle to a certain extent. In order to stabilize the align-
ment of the liquid crystal molecules 262, after injecting the
liquid crystal material, the liquid crystal panel may be heated
for a certain time and thereafter quenched.

[0095] Thereafter, the liquid crystal panel is irradiated with
light. The light irradiation may be performed while applying
a voltage between the pixel electrodes 224 and the counter
electrode 244, or without applying a voltage. In the case
where a voltage is applied when performing light irradiation,
a large change in the pretilt angle of the liquid crystal mol-
ecules 262 can be attained.

[0096] In the light irradiation, a black light or fluorescent
lamp is used as a light source, for example. Through the light
irradiation, the polyfunctional monomer ma mixed in the
liquid crystal material is polymerized to form the polymer-
ization product poa. The polymerization product poa
becomes phase-separated from the liquid crystal layer 260,
whereby the first and second alignment sustaining layers 210
and 230 containing the polymerization product poa are
formed.

[0097] If any unreacted monomer remains in the liquid
crystal material, the voltage holding ratio (Voltage Holding
Ratio: VHR) will be lowered. Therefore, in order to reduce
the residual monomer, ultraviolet light may be radiated for a
long time. For example, black light irradiation is continued
until the peak that is attributable to the polyfunctional mono-
mer ma is no longer observable by gas chromatography.
[0098] In this manner, a liquid crystal panel is formed.
Thereafter, a driving circuit and a control circuit not shown
are mounted on the liquid crystal panel, whereby the liquid
crystal display device 100 is fabricated.

[0099] As the polyfunctional monomer mb in the alignment
film material increases, the exposed amount of carboxylic
acid in the polyamic acid at the surface of the first and second
alignment films 110 and 120 decreases, and the concentration
of the lower polymerization product pob increases. Since
such a lower polymerization product pob undergoes a radical
reaction with the polyfunctional monomer ma in the liquid
crystal material as well as the upper polymerization product
poa before phase separation, the polyfunctional monomer ma
and the low-molecular weight upper polymerization product
poa existing in the liquid crystal material will rapidly
decrease, and the phase separation of the first and second
alignment sustaining layers 210 and 230 containing the upper
polymerization product poa from the liquid crystal layer 260
will be promoted.

[0100] Intheliquid crystal display device 100 of the present
embodiment, the residual DC voltage and voltage holding
ratio are improved because the first and second alignment
films 110 and 120 contain the polymerization product pob.
The reason thereof will be described below.

[0101] In the case where the first and second alignment
films of the liquid crystal display device do not contain the
polymerization product, if light is radiated for polymerization
of'the polyfunctional monomer ma, a portion ofthe alignment
film may dissolve into the liquid crystal layer, thus deterio-
rating the residual DC voltage and voltage holding ratio. For
example, if the side chain of the polyimide pi represented by
structural formula (3a) is irradiated with light as shown in
FIG. 3(a), a portion thereof is separated to become an ionized
site as shown in FIG. 3(), and dissolves into the liquid crystal
layer as shown in FIG. 3(c). On the other hand, in the liquid
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crystal display device 100 of the present embodiment, as
shown in FIG. 3(d), the dissolution of the ionized site into the
liquid crystal layer 260 is suppressed because the polymer-
ization product pob exists in the first and second alignment
films 110 and 120.

[0102] In the case where the alignment film material con-
tains a cross-linker, if light is radiated for polymerization of
the polyfunctional monomer ma, as shown in FIG. 4(a), the
unreacted cross-linker will dissolve into the liquid crystal
layer. On the other hand, in the liquid crystal display device
100 of the present embodiment, as shown in FIG. 4(b), the
dissolution of the cross-linker into the liquid crystal layer 260
is suppressed because the polymerization product pob exists
in the first and second alignment films 110 and 120.

[0103] In the aforementioned PSA technique, a polymer-
ization product is formed under an applied voltage. Inthe case
where ultraviolet light for the purpose of polymerization
product formation is radiated while thus applying a voltage, a
complex fabrication apparatus is required in which a device
for applying a voltage across the liquid crystal panel and a
device for radiating ultraviolet light are integrated. Moreover,
since ultraviolet light irradiation is performed after a voltage
is applied across the liquid crystal panel for a long time for
obtaining a predetermined alignment, this fabrication appa-
ratus needs to be used for a long time. Moreover, when form-
ing the liquid crystal layer of a liquid crystal panel through
dropwise application of a liquid crystal material, generally
speaking, a plurality of liquid crystal panels are simulta-
neously produced by using a large-sized mother glass sub-
strate, and thereafter each liquid crystal panel is cut out from
the large-sized mother glass substrate. In this case of simul-
taneously producing a plurality of liquid crystal panels, a
design must be adopted such that special wiring lines are
formed on the mother glass substrate for allowing a voltage to
be simultaneously applied to the plurality of liquid crystal
panels.

[0104] Moreover, in the case where a liquid crystal panel of
a particularly large size is to be produced, it is difficult to
uniformly apply a voltage across the liquid crystal layer in the
respective pixels. If ultraviolet light irradiation is performed
with non-uniform voltages being applied, there will be fluc-
tuations in the pretilt angle. Moreover, in the case of applying
avoltage during polymerization product formation, ribs, slits,
or rivets need to be provided on the pixel electrode and the
counter electrode for improved viewing angle characteristics.
This will result in an increased number of steps and a decrease
in the effective aperture ratio.

[0105] On the other hand, according to the production
method of the present embodiment, it is not necessary to
apply a voltage when forming the polymerization products
poa and pob. Therefore, the liquid crystal display device 100
can be easily produced without using a complex fabrication
apparatus. Moreover, a liquid crystal panel can be easily
produced even when producing the liquid crystal layer 260
through dropwise application of a liquid crystal material.
Moreover, since it is not necessary to apply a voltage across
the liquid crystal layer 260 of all pixels when forming the
polymerization products poa and pob, fluctuations in the
pretilt angle among liquid crystal molecules 262 can be sup-
pressed. Furthermore, the transmittance, contrast ratio, and
viewing angle can be improved without providing ribs, slits,
or rivets on the pixel electrodes 224 and the counter electrode
244.
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[0106] Note that slits, ribs, and/or rivets may be provided
on the pixel electrodes 224 and the counter electrode 244.
Alternatively, slits, ribs, and/or rivets may not be provided on
the pixel electrodes 224 and the counter electrode 244, and
the liquid crystal molecules 262 may be aligned in accor-
dance with an oblique electric field which is created by a
highly-symmetrical pixel electrode 226 and the counter elec-
trode 246. As a result, the alignment regulating force of the
liquid crystal molecules 262 under an applied voltage can be
further increased.

[0107] Moreover, in order to increase the tilt of the liquid
crystal molecules 262 from the normal directions of the prin-
cipal faces of the first and second alignment films 110 and 120
in the absence of an applied voltage, a voltage may be applied
between the pixel electrodes 224 and the counter electrode
244 during the light irradiation for forming the first and sec-
ond alignment sustaining layers 210 and 230.

[0108] Although the above description illustrates that the
first and second alignment films 110 and 120 are made of the
same alignment film material, and the characteristics of the
second alignment film 120 are similar to those of the first
alignment film 110, the present invention is not limited
thereto. The characteristics of the second alignment film 120
may be different from those of the first alignment film 110,
and the first and second alignment films 110 and 120 may be
made of different alignment film materials. For example, at
least one of the polyimide pi and the polymerization product
pob of the first alignment film 110 may be different from at
least one of the polyimide pi and the polymerization product
pob of the second alignment film 120.

[0109] Although the above description illustrates that the
first and second alignment films 110 and 120 each contain the
polymerization product pob, the present invention is not lim-
ited thereto. Only one of the first and second alignment films
110 and 120 may contain the polymerization product pob.
However, if the second alignment film 120 differs in charac-
teristics from the first alignment film 110, the impurities
remaining in the first and second alignment films 110 and 120
will tend to be asymmetric. Therefore, it is preferable that the
characteristics of the second alignment film 120 are similar to
those of the first alignment film 110.

[0110] Although the above description illustrates that the
active matrix substrate 220 and the counter substrate 240
respectively include the first and second alignment films 110
and 120, the present invention is not limited thereto. Only one
of the active matrix substrate 220 and the counter substrate
240 may include the first or second alignment film 110 or 120.
[0111] Although the above description illustrates that poly-
merization product pob is formed through a heat treatment,
the present invention is not limited thereto. The polymeriza-
tion product pob may be formed through light irradiation. For
example, in such light irradiation, a light source which mainly
emits ultraviolet light (i-line) with a wavelength of 365 nm is
suitably used. The irradiation time is about 500 seconds, for
example, and the irradiation intensity of light is about 20
mW/cm?. In the case where polymerization is effected
through light irradiation, the polyfunctional monomer mb
will sufficiently polymerize even if the irradiation intensity of
light is 10 mW/cm? or less. The wavelength of light is pref-
erably in the range of no less than 250 nm and no more than
400 nm, and more preferably in the range of no less than 300
nm and no more than 400 nm. However, polymerization will
sufficiently occur with light of a wavelength greater than 400
nm. Although polymerization can occur with light of a wave-

Sep. 15,2011

length of 300 nm or less, the irradiation dose should prefer-
ably be as small as possible because decomposition of organic
matter will occur with irradiation of deep-ultraviolet with
wavelengths near 200 nm.

[0112] Moreover, the liquid crystal display device 100 may
be of the 4D-RTN (4 Domain-Reverse Twisted Nematic)
mode in which four-split alignment is realized. Hereinafter, a
liquid crystal display device of the 4D-RTN mode will be
described with reference to FIG. 5 and FIG. 6.

[0113] FIG. 5(a) shows pretilt directions PA1 and PA2 of
liquid crystal molecules as regulated on the first alignment
film 110 of the active matrix substrate 220, and FIG. 5(54)
shows pretilt directions PB1 and PB2 of liquid crystal mol-
ecules as regulated on the second alignment film 120 of the
counter substrate 240. FIG. 5(c) shows alignment directions
of liquid crystal molecules in the centers of liquid crystal
domains A to D under an applied voltage, and regions (do-
main lines) DL1 to DL4 appearing dark due to alignment
disorder. Note that the domain lines DL1 to DL4 are not
so-called disclination lines.

[0114] FIG. 5(a) to FIG. 5(c) schematically show align-
ment directions of liquid crystal molecules as seen from the
viewer side. FIG. 5(a) to FIG. 5(c) indicate that the end
portions (essentially circular portions) of the cylindrical lig-
uid crystal molecules are tilted toward the viewer.

[0115] As shown in FIG. 5(a), the first alignment film 110
includes a first alignment region OR1 and a second alignment
region OR2. The liquid crystal molecules regulated by the
first alignment region OR1 are tilted in the —y direction from
the normal direction of the principal face of the first alignment
film 110, whereas the liquid crystal molecules regulated by
the second alignment region OR2 of the first alignment film
110 are tilted in the +y direction from the normal direction of
the principal face of the first alignment film 110. Moreover,
the boundary between the first alignment region OR1 and the
second alignment region OR2 extends in the column direction
(y direction), and located in the substantial center along the
row direction (x direction) of pixels. Thus, first and second
alignment regions OR1 and OR?2 of different pretilt azimuths
are provided on the first alignment film 110.

[0116] Moreover, as shown in FIG. 5(5), the second align-
ment film 120 includes a third alignment region OR3 and a
fourth alignment region OR4. The liquid crystal molecules
regulated by the third alignment region OR3 are tilted in the
+x direction from the normal direction of the principal face of
the second alignment film 120, such that the —x direction end
portions of these liquid crystal molecules are pointed toward
the front face. The liquid crystal molecules regulated by the
fourth alignment region OR4 of the second alignment film
120 are tilted in the —x direction from the normal direction of
the principal face of the second alignment film 120, such that
the +x direction end portions of these liquid crystal molecules
are pointed toward the front face. Thus, the second alignment
film 120 includes third and fourth alignment regions OR3 and
OR4 with different pretilt azimuths.

[0117] An alignment treatment direction corresponds to an
azimuth angle component obtained by projecting a direction,
which extends toward an alignment region along the major
axes of the liquid crystal molecules, onto that alignment
region. The alignment treatment directions of the first, sec-
ond, third, and fourth alignment regions are also referred to as
first, second, third, and fourth alignment treatment directions.
[0118] The first alignment region OR1 of the first align-
ment film 110 has been subjected to an alignment treatment
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along a first alignment treatment direction PD1, whereas the
second alignment region OR2 has been subjected to an align-
ment treatment along a second alignment treatment direction
PD2 which is different from the first alignment treatment
direction PD1. The first alignment treatment direction PD1 is
essentially antiparallel to the second alignment treatment
direction PD2. Moreover, the third alignment region OR3 of
the second alignment film 120 has been subjected to an align-
ment treatment along a third alignment treatment direction
P03, whereas the fourth alignment region OR4 has been sub-
jected to an alignment treatment along a fourth alignment
treatment direction PD4 which is different from the third
alignment treatment direction PD3. The third alignment treat-
ment direction PD3 is essentially antiparallel to the fourth
alignment treatment direction PD4.

[0119] As shown in FIG. 5(¢), four liquid crystal domains
A, B, C,and D are formed in the liquid crystal layer of a pixel.
In the liquid crystal layer 260, a portion interposed between
the first alignment region OR1 of the first alignment film 110
and the third alignment region OR3 of the second alignment
film 120 defines the liquid crystal domain A; a portion inter-
posed between the first alignment region OR1 of the first
alignment film 110 and the fourth alignment region OR4 of
the second alignment film 120 defines a liquid crystal domain
B; a portion interposed between the second alignment region
OR2 of the first alignment film 110 and the fourth alignment
region OR4 of the second alignment film 120 defines a liquid
crystal domain C; and a portion interposed between the sec-
ond alignment region OR2 of the first alignment film 110 and
the third alignment region OR3 of the second alignment film
120 defines a liquid crystal domain D. Note that the angle
constituted by the first or second alignment treatment direc-
tion PD1 or PD2 and the third or fourth alignment treatment
direction PD3 or PD4 is essentially 90°, and the twist angle in
each of the liquid crystal domains A, B, C, and D is essentially
90°.

[0120] FIG. 6 shows the alignment directions of the liquid
crystal molecules 262 in the liquid crystal domain A. The
angle between the alignment treatment direction PD1 of the
first alignment film 110 and the alignment treatment direction
PD3 of the second alignment film 120 is 90°, and the liquid
crystal molecules 262 have a twist angle of 90°. Although not
shown in the figure, the liquid crystal molecules 262 in the
other liquid crystal domains B, C, and D are also similarly
twisted.

[0121] FIG. 5(c) is referred to again. The alignment direc-
tion ofaliquid crystal molecule at the center of a liquid crystal
domain A to D is an intermediate direction between the pretilt
direction for liquid crystal molecules introduced by the first
alignment film 110 and the pretilt direction for liquid crystal
molecules introduced by the second alignment film 120. In
the present specification, the alignment direction of a liquid
crystal molecule in the center of a liquid crystal domain is
referred to as a reference alignment direction; and within the
reference alignment direction, an azimuth angle component
in a direction from the rear face toward the front face and
along the major axis of the liquid crystal molecule (i.e., an
azimuth angle component obtained by projecting the refer-
ence alignment direction onto the principal face of the first
alignment film 110 or the second alignment film 120) is
referred to as a reference alignment azimuth. The reference
alignment azimuth characterizes its corresponding liquid
crystal domain, and exerts a predominant influence on the
viewing angle characteristics of that liquid crystal domain.
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Now, by relying on the horizontal direction (right-left direc-
tion) of the display screen (plane of the figure) as a reference
for the azimuthal direction, and defining the left turn as posi-
tive (i.e., if the display surface is compared to the face of a
clock, counterclockwise is positive, the 3 o’clock direction
being an azimuth angle of 0°), the reference alignment direc-
tions of the four liquid crystal domains A to D are set to be
four directions such that the difference between any two
directions is substantially equal to an integer multiple of 90°.
Specifically, the reference alignment azimuths of the liquid
crystal domains A, B, C, and D are, respectively, 225°, 315°,
45°, and 135°.

[0122] AsshowninFIG.5(c), the domainlines DL1 to D14
are respectively formed in the liquid crystal domains A, B, C,
and D. The domain line DL1 is formed in parallel to a portion
of an edge EG1 of the pixel electrode 224, whereas the
domain line DL2 is formed in parallel to a portion of an edge
EG2. Moreover, the domain line DL3 is formed in parallel to
a portion of an edge EG3 of the pixel electrode 224, whereas
the domain line D14 is formed in parallel to a portion of an
edge EG4. Moreover, a disclination line CL indicated by a
broken line is observed in a border region where each of the
liquid crystal domains A to D adjoins another liquid crystal
domain. The disclination lines CL are dark lines in the afore-
mentioned central portion. The disclination lines CL and the
domain lines DL1 to DL4 are continuous, thus resulting in

dark lines of a reverse Mt shape. Although the dark lines

herein are in a reverse M= shape, the dark lines may be in an
8 shape.

[0123] Although the above-described liquid crystal display
device realizes four-split alignment, the present invention is
not limited thereto. Two-split alignment may be realized in
the liquid crystal display device 100. FIG. 7 shows alignment
treatment directions for the first and second alignment films
110 and 120. As described above, the active matrix substrate
220 and the counter substrate 240 are attached together so that
the angles between the alignment treatment directions PD1
and PD2 of the first alignment film 110 and the alignment
treatment direction PD3 of the second alignment film 120 are
90°, and the liquid crystal molecules 262 have a twist angle of
90°.

[0124] Alternatively, the liquid crystal display device 100
does not need to be split in terms of alignment. FIG. 8 shows
alignment treatment directions for the first and second align-
ment films 110 and 120. As described above, the active matrix
substrate 220 and the counter substrate 240 are attached
together so that the angle between the alignment treatment
direction PD1 of the first alignment film 110 and the align-
ment treatment direction PD3 of the second alignment film
120 is 90°, and the liquid crystal molecules 262 have a twist
angle of 90°.

[0125] Although the above-described liquid crystal display
device is of the RTN mode, the present invention is not limited
thereto. The liquid crystal display device may be of the CPA
mode.

[0126] Hereinafter, liquid crystal display devices of the
present Examples will be described.

Example 1

[0127] Hereinafter, with reference to FIG. 1, FIG. 6, and
FIG. 8, a liquid crystal display device of Example 1 will be
described. The liquid crystal display device of Example 1 also
operates in the RTN mode.



US 2011/0222005 Al

[0128] First, on a principal face of the first insulative sub-
strate 222, although not shown in the figures, TFTs and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes 224 were
formed. Similarly, on a principal face of the second insulative
substrate 242, although not shown in the figures, a colored
layer having color filters, and an insulating layer and the like
were formed, upon which the counter electrode 244 was
formed.

[0129] Next, an alignment film material was prepared. The
alignment film material was obtained by allowing the precur-
sor (polyamic acid) of the polyimide pi represented by struc-
tural formula (3a') to be dissolved in a solvent, and thereafter
allowing the polyfunctional monomer mb to be further dis-
solved therein. The precursor of the polyimide pi had a cin-
namate group in its side chain. The polyfunctional monomer
mb was biphenyldimethacrylate as represented by structural
formula (1a). The concentration of the polyfunctional mono-
mer mb on the basis of the alignment film material was 10 wt
%.

[0130] First, the alignment film material was applied on the
pixel electrodes 224. The application of the alignment film
material was performed by a printing technique, an ink jet
technique, or a spin coating technique. As a first heat treat-
ment (pre-bake), one minute of heating was conducted at 90°
C. to remove the solvent to a certain extent; and furthermore,
40 minutes of heating was conducted at 200° C. as a second
heat treatment (post-bake). Through such heat treatments, the
first alignment film 110 containing the polyimide pi, into
which the polyamic acid had imidized, and the polymeriza-
tion product pob, into which the polyfunctional monomer mb
had polymerized, was formed. The fraction of imide units of
the polyimide pi was about 50%. Thereafter, obliquely from a
40° direction with respect to the normal direction of a prin-
cipal face of the first alignment film 110, P-polarized light
with a peak wavelength of 330 nm was radiated at 50 mJ/cm?,
thus performing a photo-alignment treatment. Similarly, the
aforementioned alignment film material was applied to form
the second alignment film 120 on the counter electrode 244,
and a photo-alignment treatment was performed.

[0131] Next, the active matrix substrate 220 and the counter
substrate 240 were attached together so that the first align-
ment film 110 and the second alignment film 120 opposed
each other and that the angle between the alignment treatment
direction of the first alignment film 110 and the alignment
treatment direction of the second alignment film was 90°, and
fixed so that the interspace between the active matrix sub-
strate 220 and the counter substrate 240 was about 4 pm.
Specifically, after applying a seal onto the active matrix sub-
strate 220 and scattering beads over the counter substrate 240,
the active matrix substrate 220 and the counter substrate 240
were attached together.

[0132] Next, the polyfunctional monomer ma represented
by structural formula (2a) was mixed in a nematic liquid
crystal material having negative dielectric anisotropy. The
concentration of the polyfunctional monomer ma on the basis
of the liquid crystal material was 0.6 wt %. Then, the liquid
crystal material was injected between the active matrix sub-
strate 220 and the counter substrate 240, and a heating-
quenching was performed at 130° C.

[0133] Next, black light irradiation was performed to form
a polymerization product of the polyfunctional monomer ma.
If any polyfunctional monomer ma remains in the liquid
crystal material, the voltage holding ratio and residual DC
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voltage will be deteriorated. Therefore, the black light irra-
diation was continued until the peak attributable to the poly-
functional monomer ma was no longer observable by gas
chromatography.

[0134] FIG. 6 shows an alignment state of the liquid crystal
molecules 262 in the liquid crystal display device of Example
1. As shown in FIG. 8, the angle between the active matrix
substrate 220 and the counter substrate 240 were attached
together so that the alignment treatment direction PD1 of the
first alignment film 110 and the alignment treatment direction
PD3 of'the second alignment film 120 was 90°, and the liquid
crystal molecules 262 had a twist angle of 90°. Herein, the
polarization axis of the polarizer on the active matrix sub-
strate 220 was parallel to the alignment treatment direction
PD1 of the first alignment film 110, and the polarization axis
of the polarizer on the counter substrate 240 was parallel to
the alignment treatment direction PD3 of the second align-
ment film 120. In this manner, the liquid crystal panel of
Example 1 was produced.

[0135] Moreover, three liquid crystal panels were produced
for the sake of comparison. In producing a liquid crystal panel
of Comparative Example 1-1, the polyfunctional monomer
ma was not mixed in the liquid crystal material, and the
polyfunctional monomer mb was not mixed in the alignment
film material. As aresult, the liquid crystal panel of Compara-
tive Example 1-1 did not have any alignment sustaining lay-
ers, and its alignment films did not contain the polymerization
product. In the liquid crystal panel of Comparative Example
1-1, since the monomer within the liquid crystal material was
not subjected to polymerization, black light irradiation was
not performed.

[0136] In producing a liquid crystal panel of Comparative
Example 1-2, the polyfunctional monomer ma represented by
structural formula (2a) was mixed in the liquid crystal mate-
rial and a photopolymerization was carried out, but the poly-
functional monomer mb was not mixed in the alignment film
material. As a result, the alignment films of the liquid crystal
panel of Comparative Example 1-2 did not contain the poly-
merization product. Since polymerization of the monomer
within the liquid crystal material was effected in the liquid
crystal panel of Comparative Example 1-2, black light irra-
diation was performed. When black light irradiation was con-
tinued until the peak attributable to the polyfunctional mono-
mer ma was no longer observable as described above, the
irradiation time of black light had come to 30 minutes for the
liquid crystal panel of Example 1, whereas the irradiation
time was 2 hours for the liquid crystal panel of Comparative
Example 1-2.

[0137] Inproducing theliquid crystal panel of Comparative
Example 1-3, the polyfunctional monomer ma was not mixed
in the liquid crystal material, but the polyfunctional monomer
mb represented by structural formula (1a) was mixed in the
alignment film material, and a thermal polymerization was
carried out. As a result, the liquid crystal panel of Compara-
tive Example 1-3 did not have any alignment sustaining lay-
ers, but the alignment films contained the polymerization
product.

[0138] Next, a voltage of 1 V was applied to each of the
liquid crystal panels of Comparative Examples 1-1, 1-2, 1-3,
and Example 1 at 70° C., and their initial VHRs were mea-
sured. The initial VHR was 99% for the liquid crystal panel of
Comparative Examples 1-1, 1-3, and Example 1, whereas the
initial VHR was 98% for the liquid crystal panel of Compara-
tive Example 1-2. Since it is considered that an initial VHR of
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99% or more is necessary for ensuring long-term reliability,
the liquid crystal panel of Comparative Example 1-2 did not
provide a satisfactory value.

[0139] Moreover, the residual DC voltage was measured by
flicker minimizing method. After applying a DC offset volt-
age of 2V at 40° C., a residual DC voltage measurement was
taken. The liquid crystal panel of Comparative Example 1-1
had aresidual DC voltage of +150 mV; the liquid crystal panel
of Comparative Example 1-2 had a residual DC voltage of
+90 mV; and the liquid crystal panels of Comparative
Example 1-3 and Example 1 had a residual DC voltage of -20
mV. Although the liquid crystal panel of Comparative
Example 1-1 had a relatively good initial VHR, its residual
DC voltage was very high. In the liquid crystal panel of
Comparative Example 1-2, it is presumable from its initial
VHR and residual DC voltage results that, since the align-
ment films did not contain the polymerization product, a
portion of the alignment films dissolved into the liquid crystal
layer as impurities during light irradiation.

[0140] Moreover, the resultant liquid crystal panels of
Comparative Examples 1-1, 1-2, 1-3, and Example 1 were
subjected to a power-on test of continuously applying a volt-
age of x10 V with a frequency of 60 Hz at 40° C., and
thereafter an amount of change in the tilt angle was measured.
[0141] FIG. 9 is a graph showing amounts of change in the
tilt angle against powering time, with respect to the liquid
crystal panels of Comparative Examples 1-1, 1-2, 1-3, and
Example 1. Herein, a comparison between the results of the
liquid crystal panels of Comparative Examples 1-1, 1-2, and
1-3 indicates that: in the liquid crystal panel of Comparative
Example 1-1, the amount of change in the pretilt angle
increased as the powering time increased; however, in the
liquid crystal panels of Comparative Examples 1-2 and 1-3,
the increase in the amount of change in the pretilt angle was
suppressed even when the powering time increased. This is
presumably because the pretilt angle of the liquid crystal
molecules was maintained due to the upper polymerization
product poa, into which the polyfunctional monomer ma
mixed in the liquid crystal material had polymerized, or the
lower polymerization product pob, into which the polyfunc-
tional monomer mb mixed in the alignment film material had
polymerized. Note that the effect provided by the upper poly-
merization product poa was greater than the effect provided
by the lower polymerization product pob.

[0142] Furthermore, a comparison between the results of
the liquid crystal panels of Comparative Examples 1-2, 1-3,
and Example 1 indicates that the amount of change in the
pretilt angle of the liquid crystal panel of Example 1, which
contained both the upper polymerization product poa and the
lower polymerization product pob, was slightly smaller than
those of the liquid crystal panels of Comparative Examples
1-2 and 1-3. Thus, the amount of change in the pretilt angle
was improved in the liquid crystal panel of Example 1.

Example 2

[0143] Hereinafter, with reference to FIG. 1, FIG. 6, and
FIG. 8, a liquid crystal display device of Example 2 will be
described. Theliquid crystal display device of Example 2 also
operates in the RTN mode.

[0144] First, on a principal face of the first insulative sub-
strate 222, although not shown in the figures, TFT's and wiring
lines connected to the TFTs, and an insulating layer and the
like were formed, upon which the pixel electrodes 224 were
formed. Similarly, on a principal face of the second insulative
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substrate 242, although not shown in the figures, a colored
layer having color filters, and an insulating layer and the like
were formed, upon which the counter electrode 244 was
formed.

[0145] Next, an alignment film material was prepared. The
alignment film material was obtained by allowing a precursor
(polyamic acid) of the polyimide pi to be dissolved in a
solvent, and thereafter allowing the polyfunctional monomer
mb and a cross-linker to be further dissolved therein. The
precursor of the polyimide pi was the polyamic acid
(AL60101 manufactured by JSR Corporation) represented by
structural formula (3b'). The polyfunctional monomer mb
was biphenyldimethacrylate as represented by structural for-
mula (1a). The cross-linker was an epoxy-type cross-linker
represented by structural formula (4).

[0146] First, the alignment film material was applied on the
pixel electrodes 224. The application of the alignment film
material was performed by a printing technique, ink jet tech-
nique, or spin coating technique. As a first heat treatment
(pre-bake), one minute of heating was conducted at 90° C. to
remove the solvent to a certain extent; and furthermore, 40
minutes of heating was conducted at 200° C. as a second heat
treatment (post-bake). Through such heat treatments, the first
alignment film 110 containing the polyimide pi, into which
the polyamic acid had imidized, and the polymerization prod-
uct pob, into which the polyfunctional monomer mb had
polymerized, was formed. The fraction of imide units of the
polyimide pi was about 50%. Thereafter, a principal face of
the first alignment film 110 was subjected to a rubbing treat-
ment. Similarly, the aforementioned alignment film material
was applied to form the second alignment film 120 on the
counter electrode 244, and a rubbing alignment treatment was
performed.

[0147] Next, the active matrix substrate 220 and the counter
substrate 240 were attached together so that the first align-
ment film 110 and the second alignment film 120 opposed
each other and that the angle between the alignment treatment
direction PD1 of the first alignment film and the alignment
treatment direction PD3 of the second alignment film was
90°, and fixed so that the interspace between the active matrix
substrate 220 and the counter substrate 240 was about 4 um.
Specifically, after applying a seal onto the active matrix sub-
strate 220 and scattering beads over the counter substrate 240,
the active matrix substrate 220 and the counter substrate 240
were attached together.

[0148] Next, the polyfunctional monomer ma represented
by structural formula (2a) was mixed in a nematic liquid
crystal material having negative dielectric anisotropy. The
concentration of the polyfunctional monomer ma on the basis
of the liquid crystal material was 0.6 wt %. Then, the liquid
crystal material was injected between the active matrix sub-
strate 220 and the counter substrate 240, and a heating-
quenching was performed at 130° C.

[0149] Thereafter, black light irradiation was performed to
form a polymerization product of the polyfunctional mono-
mer ma. If any polyfunctional monomer ma remains in the
liquid crystal material, the voltage holding ratio and residual
DC voltage will be deteriorated. Therefore, the black light
irradiation was continued until the peak attributable to the
polyfunctional monomer ma was no longer observable by gas
chromatography, thus reducing the polyfunctional monomer
ma mixed in the liquid crystal material. In this manner, the
liquid crystal panel of Example 2 was produced.
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[0150] Moreover, three liquid crystal panels were produced
for the sake of comparison. In producing a liquid crystal panel
of Comparative Example 2-1, the polyfunctional monomer
ma was not mixed in the liquid crystal material, and the
polyfunctional monomer mb was not mixed in the alignment
film material although a cross-linker was added thereto. As a
result, the liquid crystal panel of Comparative Example 2-1
did not have any alignment sustaining layers, and its align-
ment films did not contain the polymerization product. In the
liquid crystal panel of Comparative Example 2-1, since the
monomer within the liquid crystal material was not subjected
to polymerization, black light irradiation was not performed.

[0151] In producing a liquid crystal panel of Comparative
Example 2-2, the polyfunctional monomer ma represented by
structural formula (2a) was mixed in the liquid crystal mate-
rial and a photopolymerization was carried out, but the poly-
functional monomer mb was not mixed in the alignment film
material although a cross-linker was added thereto. As a
result, the alignment films of the liquid crystal panel of Com-
parative Example 2-2 did not contain the polymerization
product. Since polymerization of the monomer within the
liquid crystal material was effected in the liquid crystal panel
of Comparative Example 2-2, black light irradiation was per-
formed. When black light irradiation was continued until the
peak attributable to the polyfunctional monomer ma was no
longer observable as described above, the irradiation time of
black light had come to 30 minutes for the liquid crystal panel
of Example 2, whereas the irradiation time was 2 hours for the
liquid crystal panel of Comparative Example 2-2.

[0152] Inproducing the liquid crystal panel of Comparative
Example 2-3, the polyfunctional monomer ma was not mixed
in the liquid crystal material, but the polyfunctional monomer
mb represented by structural formula (1a) and a cross-linker
were mixed in the alignment film material, and a thermal
polymerization was carried out. As a result, the liquid crystal
panel of Comparative Example 2-3 did not have any align-
ment sustaining layers, but the alignment films contained the
polymerization product.

[0153] Next, a voltage of 1 V was applied to each of the
liquid crystal panels of Comparative Examples 2-1, 2-2, 2-3,
and Example 2 at 70° C., and their initial VHRs were mea-
sured. The initial VHR was 99% for the liquid crystal panels
of Comparative Examples 2-1, 2-3, and Example 2, whereas
the initial VHR was 97% for the liquid crystal panel of Com-
parative Example 2-2. Thus, the liquid crystal panel of Com-
parative Example 2-2 did not provide a satisfactory value.

[0154] Moreover, the residual DC voltage was measured by
flicker minimizing method. After applying a DC offset volt-
age of 2V at 40° C., a residual DC voltage measurement was
taken. The liquid crystal panels of Comparative Examples
2-1,2-3, and Example 2 had a residual DC voltage of -10 my,
whereas the liquid crystal panel of Comparative Example 2-2
had a residual DC voltage of a +60 mV. It is presumable in the
liquid crystal panel of Comparative Example 2-1 that the
residual DC voltage was relatively low because of the cross-
linker within the alignment films. In the liquid crystal panel of
Comparative Example 2-2, it is presumable from its initial
VHR and residual DC voltage results that, since the align-
ment films did not contain the polymerization product, a
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portion of the alignment films dissolved into the liquid crystal
layer as impurities during light irradiation.

[0155] Moreover, the resultant liquid crystal panels of
Comparative Examples 2-1, 2-2, 2-3, and Example 2 were
subjected to a power-on test of continuously applying a volt-
age of x10 V with a frequency of 60 Hz at 40° C., and
thereafter an amount of change in the tilt angle was measured.
[0156] FIG.10 is a graph showing amounts of change in the
tilt angle against powering time, with respect to the liquid
crystal panels of Comparative Examples 2-1, 2-2, 2-3, and
Example 2. Herein, a comparison between the results of the
liquid crystal panels of Comparative Examples 2-1, 2-2, and
2-3 indicates that: in the liquid crystal panel of Comparative
Example 2-1, the amount of change in the pretilt angle
increased as the powering time increased; however, in the
liquid crystal panels of Comparative Examples 2-2 and 2-3,
the increase in the amount of change in the pretilt angle was
suppressed even when the powering time increased. This is
presumably because the pretilt angle of the liquid crystal
molecules was maintained due to the upper polymerization
product poa, into which the polyfunctional monomer ma
mixed in the liquid crystal material had polymerized, or the
lower polymerization product pob, into which the polyfunc-
tional monomer mb mixed in the alignment film material had
polymerized. Note that the effect provided by the upper poly-
merization product poa was greater than the effect provided
by the lower polymerization product pob.

[0157] Furthermore, a comparison between the results of
the liquid crystal panels of Comparative Examples 2-2, 2-3,
and Example 2 indicates that the amount of change in the
pretilt angle of the liquid crystal panel of Example 2, which
contained both the upper polymerization product poa and the
lower polymerization product pob, was smaller than those of
the liquid crystal panels of Comparative Examples 2-2 and
2-3. Thus, the amount of change in the pretilt angle was
improved in the liquid crystal panel of Example 2.

[0158] For reference sake, the entire disclosure of Japanese
Patent Application No. 2008-303176, on which the present
application claims priority, is incorporated herein by refer-
ence.

INDUSTRIAL APPLICABILITY

[0159] A liquid crystal display device according to the
presentinvention is able to suppress image sticking caused by
changes in the pretilt angle. Moreover, a liquid crystal display
device according to the present invention is suitably used not
only for liquid crystal television sets, but also for DIDs (Digi-
tal Information Displays).

REFERENCE SIGNS LIST
[0160] 100 liquid crystal display device
[0161] 110 first alignment film

[0162] pi polyimide

[0163] pob lower polymerization product
[0164] 120 second alignment film
[0165] 210 first alignment sustaining layer
[0166] poa upper polymerization product
[0167] 220 active matrix substrate
[0168] 222 first insulative substrate
[0169] 224 pixel electrode
[0170] 230 second alignment sustaining layer
[0171] 240 counter substrate
[0172] 242 second insulative substrate
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[0173] 244 counter electrode

[0174] 260 liquid crystal layer

[0175] 262 liquid crystal molecules

1. A liquid crystal display device comprising:

an active matrix substrate having a pixel electrode;

a counter substrate having a counter electrode;

a vertical-alignment type liquid crystal layer provided
between the active matrix substrate and the counter sub-
strate; and

alignment sustaining layers provided between the active
matrix substrate and the liquid crystal layer and between
the counter substrate and the liquid crystal layer, the
alignment sustaining layers containing a polymerization
product resulting from polymerization of a polyfunc-
tional monomer, wherein,

at least one of the active matrix substrate and the counter
substrate further includes an alignment film; and

the alignment film contains polyimide and a polymeriza-
tion product resulting from polymerization of a poly-
functional monomer.

2. The liquid crystal display device of claim 1, wherein the
polyfunctional monomer of the polymerization product con-
tained in the alignment film has a plurality of vinyl groups.

3. The liquid crystal display device of claim 1, wherein the
polyfunctional monomer of the polymerization product con-
tained in the alignment film is represented by general formula
(1) Pb1-Abl-(Zb1-Ab2)n-Pb2 (in general formula (1), Pbl
and Pb2 are, independently, acrylate, methacrylate, acryla-
mide, or methacrylamide; Abl and Ab2 represent, indepen-
dently, 1,4-phenylene, 1,4-cyclohexane or 2,5-thiophene, or
naphthalene-(2,6)-diyl or anthracene-(2,7)-diyl; and Zb1 is a
—COO— group, a —OCO— group, a —O— group, a
—CONH— group or a single bond, wheren is 0 or 1).

4. The liquid crystal display device of claim 3, wherein at
least one of Ab1 and Ab2 is substituted by at least one fluorine
group.

5. The liquid crystal display device of claim 1, wherein the
polyfunctional monomer of the polymerization product con-
tained in the alignment film includes a dimethacrylate mono-
mer.

6. The liquid crystal display device of claim 5, wherein the
dimethacrylate monomer is represented by structural formula

(1a).

[Formula 1]

(la)
TH3 THs
Il I
CH, O O CH

7. The liquid crystal display device of claim 1, wherein the
polyfunctional monomer of the polymerization product con-
tained in the alignment sustaining layers has a plurality of
vinyl groups.

8. The liquid crystal display device of claim 7, wherein the
polyfunctional monomer of the polymerization product con-
tained in the alignment sustaining layers is represented by
general formula (2) Pal-Aal-(Zal-Aa2)n-Pa2 (in general
formula (2), Pal and Pa2 are, independently, acrylate, meth-
acrylate, acrylamide, or methacrylamide; Aal and Aa2 rep-
resent, independently, 1,4-phenylene, 1,4-cyclohexane or

17
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2,5-thiophene, or naphthalene-(2,6)-diyl or anthracene-(2,7)-
diyl; and Zal is a —COO— group, a —OCO— group, a
—O— group, a —CONH— group or a single bond, where n
isOor1).

9. The liquid crystal display device of claim 8, wherein at
least one of Aal and Aa2 is substituted by at least one fluorine
group.

10. The liquid crystal display device of claim 7, wherein
the polyfunctional monomer of the polymerization product
contained in the alignment sustaining layers includes a
dimethacrylate monomer.

11. The liquid crystal display device of claim 10, wherein
the dimethacrylate monomer is represented by structural for-
mula (2a).

[Formula 2]
(a)
CH;
é—c—o @ THz
I, ) O

12. The liquid crystal display device of claim 1, wherein
the polyimide is a polyimide including a structure represented
by general formula (3).

[Formula 3]
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-continued

Q000

00 -0p-
oG P

13. The liquid crystal display device of claim 12, wherein
the polyimide has a photoreactive functional group.

14. The liquid crystal display device of claim 13, wherein
the photoreactive functional group is one selected from the
group consisting of a cinnamate group, a chalcone group, a
tolan group, a coumarin group, and an azobenzene group.

15. The liquid crystal display device of claim 13, wherein
the polyimide is a polyimide including a structure represented
by structural formula (3a).

[Formula 4]

(6] O
—PNN
(6] (@]
slde
0

main _ F
chain CH,—0
O
o @\

(a)

side chain

O—(CHy);—CF3
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-continued

16. The liquid crystal display device of claim 12, wherein
the polyimide has a vertical alignment group in a side chain
thereof.

17. The liquid crystal display device of claim 16, wherein
the polyimide is represented by structural formula (3b).

[Formula 5]
(3b)
O (0]
—x
(¢} o

18. The liquid crystal display device of claim 1, wherein
the alignment film regulates liquid crystal molecules in the
liquid crystal layer so that the liquid crystal molecules are
inclined with respect to a normal direction of a principal face
of the alignment film in the absence of an applied voltage.

19. The liquid crystal display device of claim 1, wherein,

the liquid crystal display device has a plurality of pixels;

and

in each of the plurality of pixels, the liquid crystal layer has

a plurality of liquid crystal domains having respectively
different reference alignment azimuths.

20. The liquid crystal display device of claim 19, wherein
the plurality of liquid crystal domains are four liquid crystal
domains.

21. A method of producing a liquid crystal display device,
the method comprising the steps of:

forming an active matrix substrate and a counter substrate;

and

forming a vertical-alignment type liquid crystal layer

between the active matrix substrate and the counter sub-
strate, and forming alignment sustaining layers between
the active matrix substrate and the liquid crystal layer
and between the counter substrate and the liquid crystal
layer, the alignment sustaining layers containing a poly-
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merization product resulting from polymerization of a
polyfunctional monomer, wherein

the step of forming the active matrix substrate and the
counter substrate comprises
a step of providing a first insulative substrate having a
pixel electrode provided thereon and a second insula-
tive substrate having a counter electrode provided
thereon, and
a step of forming an alignment film on at least one of the
pixel electrode and the counter electrode, the align-
ment film containing polyimide and a polymerization
product resulting from polymerization of a polyfunc-
tional monomer.
22. The method of producing a liquid crystal display device
of claim 21, wherein the step of forming the alignment film
comprises:

Sep. 15,2011

a step of providing an alignment film material containing a
precursor of the polyimide and the polyfunctional
monomer; and

a step of applying the alignment film material and perform-
ing a heat treatment, thereby imidizing the precursor of
the polyimide to form the polyimide and forming a poly-
merization product resulting from polymerization of the
polyfunctional monomer.

23. The method of producing a liquid crystal display device
of claim 22, wherein the step of performing a heat treatment
comprises a step of conducting a pre-bake and thereafter
conducting a post-bake at a higher temperature than in the
pre-bake.

24. The method of producing a liquid crystal display device
of claim 21, wherein the step of forming the alignment sus-
taining layers comprises a step of performing light
irradiation.
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