EP 2 916 166 B1

Patent Office

s ety (11) EP 2916 166 B1

(1 9) ’ e Hllm”“l”m||m||H|H|‘”|‘|H‘|‘| |H|Hm| ”Hl |H‘|H||H‘|H||‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: GO2F 1/1334 (2006.07) GO2F 1/1335(2006.01)
15.05.2019 Bulletin 2019/20 GO2F 1/1343 (200000 GO2F 1/1368 (200507
GO2F 1/1362 (2006.01)

(21) Application number: 13850282.8
(86) International application number:

(22) Date of filing: 29.10.2013 PCT/JP2013/079319

(87) International publication number:
WO 2014/069484 (08.05.2014 Gazette 2014/19)

(54) LIQUID CRYSTAL DISPLAY DEVICE
FLUSSIGKRISTALLANZEIGEVORRICHTUNG
DISPOSITIF D’AFFICHAGE A CRISTAUX LIQUIDES

(84) Designated Contracting States: + KOBAYASHI, Kunpei
AL ATBE BG CH CY CZDE DKEE ES FIFRGB Hino-shi
GRHRHUIEISITLILT LULV MC MK MT NL NO Tokyo 191-0065 (JP)
PL PT RO RS SE SI SK SM TR * MIZUSAKO, Ryota

Hino-shi

(30) Priority: 02.11.2012 JP 2012242715 Tokyo 191-0065 (JP)

(43) Date of publication of application: (74) Representative: TBK
09.09.2015 Bulletin 2015/37 Bavariaring 4-6

80336 Miinchen (DE)
(73) Proprietor: Ortus Technology Co., Ltd.

Tokyo 191-0065 (JP) (56) References cited:
JP-A- H11 133 391 JP-A- 2000 147 493
(72) Inventors: JP-A-2003 195 350 JP-A- 2010 281 925
* ARAI, Norihiro JP-A- 2011 095 407 US-A1- 2003 122 980
Hino-shi US-A1- 2003 164912 US-A1- 2010 309 416

Tokyo 191-0065 (JP)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2916 166 B1 2

Description
Technical Field

[0001] The present invention relates to a liquid crystal
display, andin particular, to a reflective color liquid crystal
display.

Background Art

[0002] Areflective liquid crystal display is known which
displays images utilizing reflected light resulting from re-
flection of incident light by a reflective film formed on a
back surface side of a liquid crystal. An example of the
reflective liquid crystal display is a polymer network liquid
crystal display (PNLCD) using polymer network liquid
crystals (PNLCs). Unlike a display using normal liquid
crystals, the PNLCD eliminates the need for a polarizing
plate and thus enables bright reflective display.

[0003] For the PNLC, ultraviolet light is radiated to a
solution containing photopolymerized precursors (mon-
omers) mixed with liquid crystals to polymerize the mon-
omers so that the liquid crystals are dispersed in the net-
work of the resultant polymer. In a color PNLCD based
on an active matrix scheme, for example, a color filter
substrate (CF substrate) comprising a color filter and on
which a reflective film is formed is disposed on the back
side of a display surface, and a TFT substrate with TFTs
(Thin Film Transistors) is disposed on the front side of
the display surface (Patent Literatures 1 and 2).

[0004] Ultraviolet light is radiated to a cell in order to
polymerize the monomers. However, when the reflective
film is provided on the TFT substrate side, the ultraviolet
light is radiated from the CF substrate side, and in this
case, the color filter absorbs the ultraviolet light, disad-
vantageously preventing the monomers from being po-
lymerized. Thus, the reflective film is formed on the CF
substrate side and the TFT substrate is formed to be
transmissive so that the monomers are polymerized by
radiating ultraviolet light from the TFT substrate side.
[0005] However, disadvantageously, wiring lines
around pixels on the TFT substrate may act to make the
polymerization of the monomers near the wiring lines in-
complete, reducing reflectance (scattering performance)
and reliability. Another problem is that, since the CF sub-
strate with the reflective film is disposed on the back side
of the display surface, whereas the TFT substrate is dis-
posed on the front side of the display surface, reflected
light from the back surface of the TFT substrate may af-
fect display performance (make the display garish) to sig-
nificantly degrade visibility. Another problem is that areas
in which the wiring lines and transistors are disposed are
prevented from being utilized for display, aperture ratio
may decrease.
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Citation List
Patent Literature
[0006]

Patent Literature 1: Japanese Patent No. 3736076
Patent Literature 2: Jpn. Pat. Appin. KOKAI Publica-
tion No. 2011-95407

[0007] Prior art which is related to this field of technol-
ogy can be found e.g. in document JP 2003 195350 A
disclosing a liquid crystal display comprising: first and
second substrates, a liquid crystal layer sandwiched be-
tween the first and second substrates, a common elec-
trode provided on the first substrate, transistors provided
on the second substrate for respective pixels, a reflective
film provided on the transistors, a storage capacitance
electrode provided on the transistors, a color filter pro-
vided on the reflective film, and pixel electrodes provided
on the color filter and electrically connected to drain elec-
trodes of the respective transistors; in document US
2003/0122980 A1 disclosing a liquid crystal display de-
vice with scattering layer and fabricating method thereof,
and in document US 2010/0309416 A1 disclosing a liquid
crystal display device.

Summary of Invention
Technical Problem

[0008] The present invention provides a liquid crystal
display which allows a polymer in a liquid crystal layer to
be uniformly formed and which enables an increase in
aperture ratio.

Solution to Problem

[0009] The liquid crystal display of the invention is de-
fined in claim 1. Further details are set out in the depend-
ent claims.

Advantageous Effects of Invention

[0010] The present invention provides a liquid crystal
display which allows a polymer in a liquid crystal layer to
be uniformly formed and which enables an increase in
aperture ratio.

Brief Description of Drawings
[0011]

FIG. 1 is a block diagram of a liquid crystal display
according to a first embodiment.

FIG. 2 is a circuit diagram of a pixel.

FIG. 3 is a cross-sectional view of a liquid crystal
panel according to a first comparative example use-
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ful for understanding the invention.

FIG. 4Ais schematic diagram illustrating an orienta-
tion state of a liquid crystal layer.

FIG. 4B is schematic diagram illustrating the orien-
tation state of the liquid crystal layer.

FIG. 5 is a layout of a liquid crystal panel according
to the first embodiment.

FIG. 6 is a cross-sectional view of the liquid crystal
panel taken along line A-A’ in FIG. 5.

FIG. 7 is a cross-sectional view of the liquid crystal
panel taken along line B-B’ in FIG. 5.

FIG. 8 is a cross-sectional view of a liquid crystal
panel according to a second comparative example.
FIG. 9A is a diagram illustrating the state of a liquid
crystal layer according to the second comparative
example.

FIG. 9B is a diagram illustrating the state of the liquid
crystal layer according to the second comparative
example.

FIG. 10A is a diagram illustrating the state of a liquid
crystal layer according to the first embodiment.
FIG. 10B is a diagram illustrating the state of the
liquid crystal layer according to the first embodiment.
FIG. 11 is a diagram illustrating the state of reflected
light from the liquid crystal panel according to the
second comparative example.

FIG. 12 is a diagram illustrating the state of reflected
light from the liquid crystal panel according to the
first embodiment.

FIG. 13 is a layout of a liquid crystal panel according
to a third comparative example.

FIG. 14 is a cross-sectional view of the liquid crystal
panel taken along line B-B’ in FIG. 13.

FIG. 15 is a cross-sectional view of a liquid crystal
panel according to a fourth comparative example
useful for understanding the invention.

FIG. 16 is a cross-sectional view of a liquid crystal
panel according to a second embodiment of the in-
vention.

FIG. 17 is a cross-sectional view of a liquid crystal
panel according to a third embodiment of the inven-
tion, taken along an X-direction.

FIG. 18 is a cross-sectional view of the liquid crystal
panel according to the third embodiment, taken
along a Y-direction.

FIG. 19 is a cross-sectional view of the liquid crystal
panel according to a modification of the third embod-
iment, taken along the X-direction.

Description of Embodiments

[0012] The embodiments of the present invention will
be described below with reference to the accompanying
drawings. Note that the drawings are schematic and con-
ceptual, and the dimensions, ratios, and the like in the
respective drawings are notnecessary the same as those
in reality. In addition, even the same portion may be
shown in a different dimensional relationship or with dif-
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ferent ratios in different drawings. Several embodiments
to be described below represent examples of apparatus-
es and methods for embodying the technical idea of the
present invention, and the technical idea of the present
invention is not specified by the shapes, structures, and
layouts of the constituent parts. Note that in the following
explanation, the same reference numerals denote ele-
ments having the same functions and arrangements, and
a repetitive explanation will be made only when neces-
sary.

[First Embodiment]

[0013] FIG. 1is a block diagram of a liquid crystal dis-
play 10 according to the firstembodiment. The liquid crys-
tal display 10 comprises a liquid crystal panel 11, a scan-
ning driver (scanning line driving circuit) 12, a signal driv-
er (signal line driving circuit) 13, acommon voltage supply
circuit 14, and a controller 15.

[0014] The liquid crystal panel 11 comprises a plurality
of scanning lines GL each extending in a row direction
(X-direction) and a plurality of signal lines SL each ex-
tending in a column direction (Y-direction). Pixels 16 are
each disposed at a crossing area between each of the
plurality of scanning lines GL and a corresponding one
of the plurality of signal lines SL. The plurality of pixels
16 is arranged in a matrix.

[0015] FIG. 2 is a circuit diagram of one pixel 16. The
pixel 16 comprises a thin film transistor (TFT) 17, a liquid
crystal capacitor CLC, and a storage capacitor CS.
[0016] A source ofthe TFT 17 is electrically connected
to the signal line SL. A gate of the TFT 17 is electrically
connected to the scanning line GL. A drain of the TFT 17
is electrically connected to a pixel electrode and a trans-
parent electrode disposed between the TFT and the pixel
electrode. The pixel electrode provides the liquid crystal
capacitor CLC along with a common electrode disposed
opposite the pixel electrode and liquid crystals placed
between the pixel electrode and the common electrode.
[0017] The storage capacitor CS is connected in par-
allel with the liquid crystal capacitor CLC. The storage
capacitor CS suppresses a potential variation in the pixel
electrode and holds a pixel voltage applied to the pixel
electrode until the next pixel voltage is applied to the pixel
electrode again. The storage capacitor CS comprises a
reflective film, the transparent electrode, and an insulat-
ing film formed between the reflective film and the trans-
parent electrode. A common voltage Vcom is applied to
the common electrode and the reflective film by the com-
mon voltage supply circuit 14.

[0018] In the pixel 16 configured as described above,
when the TFT 17 connected to the pixel electrode is
turned on, the pixel voltage is applied to the pixel elec-
trode via the signal line SL. The orientation state of the
liquid crystals changes depending on the voltage differ-
ence between the pixel voltage and the common voltage
Vcom. Thus, the transmissive state of the liquid crystals
with respect to incident light and reflected light changes
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to provide image display.

[0019] The scanning driver 12 is connected to the plu-
rality of scanning lines GL to sequentially drive the plu-
rality of scanning lines GL based on a vertical control
signal from the controller 15. The vertical control signal
from the controller 15 is applied at every frame period.
The "frame" refers to a period when a display signal is
supplied to all the pixels in the liquid crystal panel to dis-
play one image.

[0020] Thessignaldriver 13 is connected to the plurality
of signal lines SL to load image data for one horizontal
period based on a horizontal control signal from the con-
troller 15. The horizontal control signal from the controller
15 is applied at every horizontal period that is a period
when display signals for one row (one scanning line) in
the liquid crystal panel 11 are transferred to the pixels.
The signal driver 13 supplies the display signals corre-
sponding to image data to the pixel electrodes via the
signal lines SL.

[0021] The controller 15 generates various control sig-
nals allowing the liquid crystal panel 11 to display a de-
sired image and supplies the control signals to the scan-
ning driver 12, the signal driver 13, and the common volt-
age supply circuit 14.

[0022] In general, the liquid crystal display performs
inversion driving (AC driving) in which the polarity of an
electric field between the pixel electrode and the common
electrode where the liquid crystals are placed is inverted.
In the liquid crystal panel 11, the arrangement of the liquid
crystal is determined depending on the electric field be-
tween the pixel electrode and the common electrode.
However, continuous generation of an electric field of the
same polarity between the pixel electrode and the com-
mon electrode may cause image persistence or degra-
dation or destruction of the liquid crystals. Thus, this is
prevented by periodically inverting the polarity of the elec-
tric field between the pixel electrode and the common
electrode. Common inversion driving schemes are line
inversion driving and frame inversion driving. The line
inversion driving is a scheme in which the polarity of the
electric field is inverted at every scanning line and also
at every frame period. Furthermore, the frame inversion
driving is a scheme in which the polarity of the electric
field is inverted at every frame period for each pixel.
[0023] Next, a comparative configuration of the liquid
crystal panel 11 will be described. FIG. 3 is a cross-sec-
tional view of a comparative liquid crystal panel 11 taken
along an extending direction of the scanning lines GL.
The liquid crystal panel 11 comprises a reflective color
PNLCD (Polymer Network Liquid Crystal Display) . Fur-
thermore, the liquid crystal panel 11 uses an active matrix
scheme in which an active element is disposed in each
of the pixels.

[0024] In the present embodiment, a color filter CF is
disposed on a TFT substrate 23 with a reflective film 24
formed thereon. Only a common electrode 21 is provided
on an opposite substrate (COM substrate) 20. Acommon
voltage Vcom is applied to the common electrode 21 by
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the common voltage supply circuit 14. The COM sub-
strate 20 is disposed on a front side of a display surface.
The TFT substrate 23 is disposed on a back side of the
display surface. That is, incident light is incident through
the COM substrate 20.

[0025] The TFT substrate 23 is formed to be complete-
ly reflective by comprising the reflective film 24 all over
a surface of the TFT substrate 23. The reflective filim 24
also functions as an electrode providing the storage ca-
pacitor CS. Thus, the common voltage Vcom is applied
to the reflective film 24 by the common voltage supply
circuit 14.

[0026] TFTs 17 and the reflective film 24 are provided
on the TFT substrate 23. Electrodes 27 are provided on
the TFTs 17 and the reflective film 24 via an insulating
film 25. The electrodes 27 are electrically connected to
drain electrodes of the respective TFTs 17 through re-
spective contact plugs 26. Moreover, the color filter CF
and a pixel electrode 28 are provided on each of the
electrodes 27. A contact hole 30 is formed in a central
portion of the color filter CF. The pixel electrode 28 is
electrically connected to the electrode 27 through a con-
tact plug 28A formed in the contact hole 30. A pixel volt-
age is applied to the pixel electrode 28 by the signal driver
13. The color filter CF comprises a plurality of coloring
filters (coloring members), and specifically includes a red
filter CF (R), a green filter CF (G), and a blue filter CF (B).
[0027] A liquid crystal layer 22 comprises a polymer
network liquid crystal (PNLC) . The PNLC has a structure
in which liquid crystals are dispersed in a polymer net-
work, and the liquid crystals in the polymer network have
a continuous phase. A photocurable resin may be used
as a polymer layer. For example, for the PNLC, ultraviolet
lightis radiated to a solution containing photopolymerized
polymer precursors (monomers) mixed with liquid crys-
tals to polymerize the monomers so that the liquid crystals
are dispersed in the network of the resultant polymer. As
the liquid crystals, for example, nematic liquid crystals
with positive dielectric anisotropy are used.

[0028] Alternatively, the liquid crystal layer 22 may be
formed of polymer dispersed liquid crystals (PDLC). The
PDLCs have a structure in which the polymer disperses
the liquid crystals, that is, the liquid crystals are subjected
to phase separation in the polymer.

[0029] When the liquid crystal panel 11 according to
the present embodiment is manufactured, first, the TFT
substrate 23 with the reflective film 24 and the color filter
CF and the COM substrate 20 with the common electrode
21 are formed. The substrates are bonded together via
a spacer using a seal member, to form a cell. Subse-
quently, in a vacuum atmosphere, a solution containing
the liquid crystals mixed into the photopolymerized pol-
ymer precursors (monomers) is injected into the cell. Al-
ternatively, a liquid crystal dropping method (ODF: One
Drop Fill) may be used to inject the liquid crystals to be-
tween the substrates. That s, the solutionis dropped into
a seal material formed on one of the substrates like a
frame, and the other substrate is bonded to the first sub-
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strate to form a cell. Subsequently, ultraviolet light, which
allows the monomers to be polymerized, is radiated from
the COM substrate 20 side. No object such as wiring
lines which blocks the ultraviolet lightis present, and thus,
the stability of polymerization of the monomers is im-
proved.

[0030] FIGS. 4A and 4B are schematic diagrams illus-
trating the orientation state of the liquid crystal layer 22.
In FIGS. 4A and 4B, illustration of the color filter and the
TFT is omitted.

[0031] As depicted in FIG. 4A, when, for example, 0 V
is applied to the pixel electrode 28 and the common elec-
trode 21 and no electric field is applied to the liquid crystal
layer 22 (off state), liquid crystal molecules dispersed in
the polymer network are randomly oriented. In this case,
the refractive index of the polymer is different from the
refractive index of the liquid crystal molecules, and thus,
incident light from the COM substrate 20 side scatters in
the liquid crystal layer 22 (scattering state). The scattered
light is reflected by the reflective film 24 and emitted
through the COM substrate 20 as scattered light. At this
time, the liquid crystal layer 22 is observed to be in an
opaque cloudy state, and display viewed on the obser-
vation side is white display.

[0032] As depicted in FIG. 4B, when, for example, a
high voltage (for example, 5 V) is applied to the pixel
electrode 28, 0V is applied to the common electrode 21,
and an electric field is applied to the liquid crystal layer
22 (on state), the liquid crystal molecules dispersed in
the polymer network are oriented in the direction of the
electric field. In this case, the refractive index of the pol-
ymer and the refractive index of the liquid crystal mole-
cules are approximately equal. Thus, incident light from
the COM substrate 20 side is not scattered and is trans-
mitted through the liquid crystal layer 22 (transparent
state) . Hence, reflected light is observed which results
from reflection of the incident light by the reflective film
24. At this time, display light viewed on the observation
side is specular light, and thus, light other than specularly
reflected light is invisible and is black display (dark
display) . In actuality, since the color filter CF is disposed
on the TFT substrate 23 side, color display dependent
on the color of the color filter CF is obtained.

[0033] Next, a specific configuration example of the
liquid crystal panel 11 according to a first embodiment of
the invention will be described. FIG. 5 is a layout of the
liquid crystal panel 11. FIG. 6 is a cross-sectional view
of the liquid crystal panel 11 taken along line A-A’ in FIG.
5. FIG. 7 is a cross-sectional view of the liquid crystal
panel 11 taken along line B-B’ in FIG. 5.

[0034] Scanning lines GL extending in an X-direction
are provided on the TFT substrate 23. The scanning line
GL functions as a gate electrode of the TFT 17. A gate
insulating film 31 is provided on the scanning line GL. A
semiconductor layer 17A formed opposite the scanning
line GL is provided on the gate insulating film 31. For
example, amorphous silicon is used as the semiconduc-
tor layer 17A. A drain electrode 17B and a source elec-
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trode 17C are provided at respective opposite ends of
the semiconductor layer 17A in a Y-direction so as to
contact the semiconductor layer 17A.

[0035] The source electrode 17C is electrically con-
nected to the signal line SL formed on the gate insulating
film 31 and extending in the Y-direction. The drain elec-
trode 17B comprises a first electrode extending in the X-
direction and a second electrode extracted in the Y-di-
rection. A contact plug 26 is provided on the second elec-
trode. The TFT 17 comprises the semiconductor layer
17A, the semiconductor layer 17A, the drain electrode
17B, the source electrode 17C, the gate insulating film
31, and the scanning line (gate electrode) GL. For exam-
ple, chromium (Cr), a molybdenum alloy (MoNb or the
like), or an aluminum alloy (Al alloy) is used as the drain
electrode 17B, the source electrode 17C, the scanning
line GL, and the signal line SL. For example, a silicon
nitride (SiN) is used as the gate insulating film 31.
[0036] An insulating film 32 is provided on the TFT 17,
and the reflective film 24 is provided on the insulating film
32. The reflective film 24 is formed all over the pixel array
except for areas through which the contact plugs 26 pass.
The reflective film 24 also has a function to serve as an
electrode of the storage capacitor CS. For example, an
aluminum alloy (Al alloy) is used as the reflective film 24.
[0037] Aninsulatingfilm 25 is provided on the reflective
film 24, and the electrode 27 is provided on the insulating
film 25. The electrode 27 has a function to electrically
connect the drain electrode 17B of the TFT 17 and the
pixel electrode 28 together and a function to set the ca-
pacitance of the storage capacitor CS to a predetermined
value in accordance with the size of the planar shape of
the electrode 27. Thus, the electrode 27 extends in the
Y-direction and is electrically connected, at an end there-
of in the Y-direction, to the drain electrode 17B of the
TFT 17 through the contact plug 26. The electrode 27 is
further electrically connected to the pixel electrode 28
through a contact plug 28A in the central portion of the
pixel. The contact plug 26 may be formed integrally with
the electrode 27 or the contact plug 26 and the electrode
27 may be individually formed. The contact plug 26 is
formed of, for example, the same material as that of the
electrode 27. In the present embodiment, the electrode
27 has approximately the same planar shape as that of
the pixel electrode 28 in order to increase the capacitance
of the storage capacitor CS. The electrode 27 comprises
a transparent electrode, and for example, ITO (Indium
Tin Oxide) is used as the electrode 27. For example, a
silicon nitride (SiN) is used as the insulating films 25 and
32.

[0038] The color filter CF is provided on the electrode
27. The color filter CF has a planar shape the size of
which is the same as the size of the pixel. A contact hole
30 is formed in the central portion of the color filter CF.
The pixel electrode 28 is provided on the color filter CF.
The pixel electrode 28 is electrically connected to the
electrode 27 through the contact plug 28A formed in the
contact hole 30. The contact plug 28A may be formed
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integrally with the pixel electrode 28 as depicted in FIG.
6 or the contact plug 28A and the pixel electrode 28 may
be individually formed. The contact plug 28A is formed
of, for example, the same material as that of the pixel
electrode 28.

[0039] The COM substrate 20 is disposed opposite the
TFT substrate 23. The liquid crystal layer 22, formed of
a polymer network liquid crystal, is provided between the
COM substrate 20 and the TFT substrate 23. The liquid
crystal layer 22 is sealed by a seal member (not depicted
in the drawings) that is used for bonding the COM sub-
strate 20 and the TFT substrate 23. Only the common
electrode 21 is provided on the liquid crystal layer 22 side
of the COM substrate 20. The common electrode 21 or
the pixel electrode 28 each comprise a transparent elec-
trode, and for example, ITO is used as the common elec-
trode 21 and the pixel electrode 28. As each of the COM
substrate 20 and the TFT substrate 23, a transparent
substrate formed of glass, quartz, plastic, or the like is
used.

(Effects)

[0040] As described above in detail, in the firstembod-
iment, the COM substrate 20 comprises only the common
electrode 21 and is formed to be transmissive. The TFT
substrate 23 comprises the plurality of TFTs 17, the re-
flective film 24, the plurality of transparent electrodes 27,
the color filter CF, and the plurality of pixel electrodes 28
and is formed to be completely reflective. The liquid crys-
tal layer 22, formed of a polymer network liquid crystal
(PNLC), is provided between the COM substrate 20 and
the TFT substrate 23. Thus, the color liquid crystal panel
11is provided which is based on the active matrix scheme
and which is reflective.

[0041] Therefore, according to the first embodiment,
when ultraviolet light is radiated to the liquid crystal panel
11in order to polymerize the monomers in the liquid crys-
tal layer 22, the ultraviolet light can be radiated from the
COM substrate 20 side, where no element that blocks
the ultraviolet light is formed. This enables the monomers
to be generally and stably polymerized, allowing the pol-
ymer to be uniformly formed in the liquid crystal layer 22.
As aresult, the reflectance (scattering performance) and
reliability of the liquid crystal panel 11 can be improved.
[0042] Furthermore, since the COM substrate 20, on
which only the common electrode 21 comprising a trans-
parent electrode is formed, is disposed on the front side
of the display surface, an area above the wiring line and
transistor can be used as a display area. This enables
an increase in aperture ratio.

[0043] For example, when the TFT substrate is dis-
posed on the front side of the display surface, incident
light is reflected by the TFTs and the wiring lines con-
nected to the TFTs. Thus, the display area is glaring (gar-
ish). On the other hand, in the present embodiment, since
no TFT and no wiring line are formed on the COM sub-
strate 20 through which light is incident, the display sur-
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face can be prevented from appearing garish.

[0044] Furthermore, the liquid crystal panel 11 that can
provide bright display can be implemented. For example,
a twist nematic liquid crystal display element uses a po-
larizing plate. The polarizing plate absorbs a very large
amount of light. In contrast, the liquid crystal panel 11
according to the present embodiment uses no polarizing
plate and can thus provide bright display compared to
the twist nematic liquid crystal display element and the
like.

(Second Comparative Example)

[0045] FIG.8isa cross-sectional view ofa liquid crystal
panel according to a second comparative example. In
the liquid crystal panel according to the second compar-
ative example, a TFT substrate with TFTs is disposed on
the front side of a display surface, and a color filter sub-
strate with a reflective film and color filters is disposed
on the back side of the display surface.

[0046] Specifically, a reflective film 101 is provided on
a color filter substrate (CF substrate) 100. Color filters
CF are provided on the reflective film 101. A common
electrode 102 is provided on the color filters CF. TFTs
104 and pixel electrodes 105 electrically connected to
the TFTs 104 are provided on a TFT substrate 103. A
liquid crystal layer 106 formed of a polymer network liquid
crystal is sandwiched between the CF substrate 100 and
the TFT substrate 103.

[0047] Asdescribed above, inthe second comparative
example, the CF substrate 100 is formed to be reflective
using the reflective film 101 formed thereon, and the TFT
substrate 23 is formed to be transmissive. That is, inci-
dent light is incident through the TFT substrate 103.
Hence, ultraviolet light used to polymerize monomers in
the liquid crystal layer 106 is blocked by the TFTs 104
formed on the TFT substrate 103 and wiring lines con-
nected to the TFTs 104. Thus, the second comparative
example fails to generally polymerize the monomers.
[0048] FIGS. 9A and 9B are diagrams illustrating the
state of the liquid crystal layer 106 according to the sec-
ond comparative example. FIGS. 10A and 10B are dia-
grams illustrating the state of the liquid crystal layer 22
according to the first embodiment. FIG. 9A and FIG. 10A
depict the liquid crystal layer having been irradiated with
ultravioletlightin order to polymerize the monomers. FIG.
9B and FIG. 10B are partially enlarged views of FIG. 9A
and FIG. 10A, respectively.

[0049] In the second comparative example, the poly-
mer is not uniform, and particularly near the TFTs and
the wiring lines, the liquid crystal layer fails to be suffi-
ciently irradiated with ultraviolet light, resulting in insuffi-
cient polymerization ofthe monomers. Onthe other hand,
in the present embodiment, the liquid crystal layer is gen-
erally and uniformly irradiated with ultraviolet light. Thus,
the polymer is uniform, and the monomers are uniformly
polymerized throughout the liquid crystal layer.

[0050] FIG. 11 is a diagram illustrating the state of re-
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flected light on the liquid crystal panel according to the
second comparative example. FIG. 12 is a diagram illus-
trating the state of reflected light on the liquid crystal panel
according to the first embodiment. In the second com-
parative example, since incident light is reflected by the
TFTs 104 and the wiring lines connected to the TFTs
104, the display on the liquid crystal panel is glaring
(garish) . On the other hand, in the present embodiment,
since no TFT and no wiring line are formed on the sub-
strate side on which light is incident, the display on the
liquid crystal panel can be prevented from appearing gar-
ish.

(Third Comparative Example)

[0051] In a third comparative example, a reflective film
is used as an electrode of a storage capacitor CS, and
a color filter is used as an interlayer insulating film of the
storage capacitor CS.

[0052] FIG. 13 is a layout of a liquid crystal panel 11
according to the third comparative example. FIG. 14 is a
cross-sectional view of the liquid crystal panel 11 taken
along line B-B’ in FIG. 13.

[0053] A reflective film 24 is provided on an insulating
film 32. The reflective film 24 is formed all over a pixel
array except for areas through which contact plugs 26
pass. The reflective film 24 also has a function to serve
as an electrode of the storage capacitor CS. Forexample,
an aluminum alloy (Al alloy) is used as the reflective film
24,

[0054] A colorfilter CF is provided on the reflective film
24. A pixel electrode 28 is provided on the color filter CF.
The reflective film 24, the color filter CF, and the pixel
electrode 28 provide the storage capacitor CS. That is,
the color filter CF has not only a function to control the
wavelength of transmitted light but also a function to
serve as an interlayer insulating film of the storage ca-
pacitor CS. The color filters CF are formed of a resin
containing a coloring material. A common voltage Vcom
is applied to the reflective film 24 by a common voltage
supply circuit 14.

[0055] The pixel electrode 28 is electrically connected
to a drain electrode 17B of a TFT 17 through a contact
plug 26 formed in the color filter CF and an insulating film
32. The contact plug 26 is electrically separated from the
reflective film 24. The contact plug 26 may be formed
integrally with the pixel electrode 28. The contact plug
26 and the pixel electrode 28 may be individually formed.
The contact plug 26 is formed of, for example, the same
material as that of the pixel electrode 28.

[0056] The third comparative example does not need
the electrode 27 in the first embodiment. Hence, the lam-
inate structure of the liquid crystal panel 11 can be sim-
plified. For the other effects, the third comparative exam-
ple is the same as the first embodiment.

10

15

20

25

30

35

40

45

50

55

(Fourth Comparative Example)

[0057] In a fourth comparative example, a reflective
film 24 is formed in the same layer as the electrode 27
according to the first comparative example, and color fil-
ters CF are disposed on the reflective film 24.

[0058] FIG. 15is a cross-sectional view of a liquid crys-
tal panel 11 according to the fourth comparative example.
The cross-sectional view in FIG. 15 corresponds to a
cross-sectional view taken at the position of line B-B’ in
FIG. 5. A layout of the liquid crystal panel 11 according
to the fourth comparative example corresponds to FIG.
5 in which the electrode 27 and the reflective film 24 are
replaced with the reflective film 24 and an electrode 33,
respectively.

[0059] The electrode 33 providing a storage capacitor
CS is provided on the insulating film 32. The electrode
33is formed all over a pixel array except for areas through
which contact plugs 26 pass. The electrode 33 corre-
sponds to an electrode of a storage capacitor CS. The
electrode 33 comprises a transparent electrode, and for
example, ITO is used as the electrode 33.

[0060] Aninsulatingfilm25is provided onthe electrode
33. The reflective film 24 is provided on the insulating
film 25. The planar shape of the reflective film 24 is sub-
stantially the same as the planar shape of the pixel elec-
trode 28. That is, in the first comparative example, the
reflective film 24 is formed all over the pixel array as a
continuous film (However, the reflective film 24 has open-
ings through which contact plugs pass), whereas in the
fourth comparative example, a plurality of reflective films
24 provided for the respective pixels are formed on the
insulating film 25. For example, an aluminum alloy (Al
alloy) is used as the reflective film 24. A color filter CF is
provided on the reflective film 24. The pixel electrode 28
is provided on the color filter CF.

[0061] The reflective film 24 electrically connects the
pixel electrode 28 and a source electrode 17B of a TFT
17 together. That is, the reflective film 24 is electrically
connected to the pixel electrode 28 through a contact
plug 28A formed in the color filter CF and electrically con-
nected to the source electrode 17B of the TFT 17 through
the contact plug 26. The contact plug 26 may be formed
integrally with the pixel electrode 28 or the contact plug
26 and the pixel electrode 28 may be individually formed.
The contact plug 26 is formed of, for example, the same
material as that of the pixel electrode 28.

[0062] According to the fourth comparative example,
the reflective film 24 can be disposed at a position closer
to the color filter CF. For the other effects, the fourth com-
parative example is the first comparative example.

(Second Embodiment)

[0063] In asecond embodiment, an insulating film (for
example, an orientation film) is formed on a COM sub-
strate 20 and on a TFT substrate 23 so as to contact a
liquid crystal layer 22. This improves the insulation be-
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tween the COM substrate 20 and the TFT substrate 23
to prevent possible short-circuiting between the COM
substrate 20 and the TFT substrate 23.

[0064] FIG. 16 is a cross -sectional view of a liquid
crystal panel 11 according to the second embodiment.
The cross-sectional view in FIG. 16 corresponds to a
cross-sectional view taken at the position of line B-B’ in
FIG. 5. Aninsulating film 40 is provided on a liquid crystal
side of a common electrode 21. The insulating film 40 is
formed all over the COM substrate 20.

[0065] Aninsulating film 41 is provided on aliquid crys-
tal side of a pixel electrode 28. The insulating film 41 is
formed all over the TFT substrate 23. For example, an
orientation film is used as each of the insulating films 40
and 41, and a polyimide film is used as the orientation
film. For the remaining part of the configuration, the sec-
ond embodiment is the same as the first embodiment.
[0066] According to the second embodiment, the insu-
lation between the COM substrate 20 and the TFT sub-
strate 23 can be improved. This allows prevention of pos-
sible short-circuiting between the COM substrate 20 and
the TFT substrate 23 while a voltage is being applied to
the liquid crystal panel 11. Thus, the liquid crystal panel
11 with improved reliability can be provided. Further-
more, when an orientation film is used as each of the
insulating film 40 and 41, the contact between each of
the insulating films 40 and 41 and a liquid crystal layer
22 is improved. Consequently, the liquid crystal layer 22
can be suppressed from being defective, and the display
quality of the liquid crystal panel 11 can thus be sup-
pressed from being degraded.

[0067] The liquid crystal panel 11 may be configured
to comprise only one of the insulating films 40 and 41.
Even in this configuration, the insulation between the
COM substrate 20 and the TFT substrate 23 can be im-
proved.

(Third Embodiment]

[0068] In a third embodiment, a light-shielding layer
(black matrix) is formed at boundary portions between a
plurality of pixels to improve the contrast of a displayed
image.

[0069] FIG. 17 is across-sectional view of aliquid crys-
tal panel 11 according to the third embodiment, taken
along an X-direction (an extending direction of scanning
lines GL). FIG. 18 is a cross-sectional view of the liquid
crystal panel 11 according to the third embodiment, taken
along a Y-direction (an extending direction of signal lines
SL). The cross-sectional view in FIG. 17 corresponds to
a cross-sectional view taken at the position of line A-A’
in FIG. 5. The cross-sectional view in FIG. 18 corre-
sponds to a cross-sectional view taken at the position of
line B-B’ in FIG. 5.

[0070] A light-shielding layer (black matrix) BM is pro-
vided on an insulating film 25 and an electrode 27. The
light-shielding layer BM is disposed at boundary portions
between the plurality of pixels 16. In other words, the
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light-shielding layer BM is formed to enclose each of the
plurality of pixels 16 and formed like mesh. The light-
shielding layer BM has a function to shield a light-shield-
ing target pattern formed on a TFT substrate 23 from
light. Specifically, the light-shielding layer BM is disposed
to cover wiring (scanning lines GL and signal lines SL)
connectedto TFTs 17. For example, a back organic resin
may be used as the light-shielding layer BM. The light-
shielding layer BM may be formed by mixing a black pig-
ment (organic pigment, carbon black, titanium black, or
the like) into a resin material such as photosensitive or
non-photosensitive polyimide.

[0071] Color filters CF are provided on the light-shield-
ing layer BM. For the remaining part of the configuration,
the third embodiment is the same as the first embodi-
ment.

[0072] According to the third embodiment, the light-
shielding layer BM is disposed at the boundary portions
between the plurality of pixels 16, allowing the contrast
of the displayed image to be improved. In addition, when
thelight-shielding layer BM is installed, reflectance slight-
ly decreases.

[0073] FIG.19is a cross-sectional view of a liquid crys-
tal panel 11 according to a modification of the third em-
bodiment, taken along the X-direction (the extending di-
rection of the scanning lines GL).

[0074] At the boundary between adjacent pixels with
different colors, two coloring members with different
colors contained in the color filters CF are formed so as
to overlap at ends of coloring members. The overlapping
portions of the two coloring members in different colors
function as a light-shielding layer (black matrix) BM.
[0075] At the boundary between pixels adjacent to
each other in the Y-direction (the extending direction of
the signal lines SL), the black matrix may be omitted as
depicted in FIG. 7 or may be provided as depicted in FIG.
18.

[0076] The present invention is not limited to the em-
bodiments described above, and can be embodied by
modifying constituent elements without departing from
the invention as defined by the claims. In

Reference Signs List

[0077] GL: scanning line, SL: signal line, CLC: liquid
crystal capacitor, CS: storage capacitor, CF: color filter,
BM: light-shielding layer, 10: liquid crystal display, 11:
liquid crystal panel, 12: scanning driver, 13: signal driver,
14: common voltage supply circuit, 15: controller, 16: pix-
el, 17: TFT, 17A: semiconductor layer, 17B: drain elec-
trode, 17C: source electrode, 20: COM substrate, 21:
common electrode, 22: liquid crystal layer, 23: TFT sub-
strate, 24: reflective film, 25 and 32: insulating film, 26
and 28A: contact plug, 27: electrode, 28: pixel electrode,
30: contact hole, 31: gate insulating film, 33: electrode,
40 and 41: orientation film, 100: CF substrate, 101: re-
flective film, 102: common electrode, 103: TFT substrate,
104: TFT, 105: pixel electrode, 106: liquid crystal layer
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Claims

1.

A liquid crystal display comprising:

first and second substrates (20, 23);

a liquid crystal layer (22) sandwiched between
the first and second substrates (20, 23) and
comprising a polymer network liquid crystal (PN-
LC) or a polymer dispersed liquid crystal
(PDLC);

a common electrode (21) provided on the first
substrate (20);

transistors (17) provided on the second sub-
strate (23) for respective pixels;

a reflective film (24) provided above the transis-
tors via a first insulating film (32);

transparent electrodes (27) provided above the
reflective film via a second insulating film (25),
and electrically connected to drain electrodes of
the transistors, respectively;

color filters (CF) provided on the transparent
electrodes, respectively; and

pixel electrodes (28) provided on the color filters
(CF), and electrically connected to the transpar-
ent electrodes (27), respectively,

wherein the reflective film (24) overlaps all the
transparent electrodes (27), and

the transparent electrodes (27) with the reflec-
tive film (24) and the second insulating film (25)
function as storage capacitors included in the
respective pixels.

The liquid crystal display according to claim 1,
wherein the transparent electrode (27) extends over
the entire pixel electrode (28).

The liquid crystal display according to claim 1, further
comprising first contact plugs (28A) provided in the
color filters (CF), and respectively electrically con-
necting the pixel electrodes (28) and the transparent
electrodes (27).

The liquid crystal display according to claim 3,
wherein the first contact plugs (28A) are respectively
arranged in center portions of the pixel electrodes
(28).

The liquid crystal display according to claim 1, further
comprising a third insulating film (41) provided on
one or both of the first and second substrates (20,
23) in contact with the liquid crystal layer (22).

The liquid crystal display according to claim 1, further
comprising a light-shielding layer (BM) provided at
boundary portions between the pixels.

The liquid crystal display according to claim 1,
wherein
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10.

1.

12.

adjacent color filters (CF) overlap at ends thereof,
and

the overlapping portion functions as a light-shielding
layer.

The liquid crystal display according to claim 1,
wherein ultraviolet light used to polymerize mono-
mers in the liquid crystal layer (22) is radiated from
the first substrate side.

The liquid crystal display according to claim 1,
wherein the common electrode (21) and the reflec-
tive film (24) are connected to a common voltage
supply circuit (14).

The liquid crystal display according to claim 1,
wherein the reflective film (24) overlaps the pixel
electrodes (28).

The liquid crystal display according to claim 1,
wherein the reflective film (24) covers the transistors
(17).

The liquid crystal display according to claim 1, further
comprising second contact plugs (26) that respec-
tively electrically connect the transistors (17) and the
transparent electrodes (27).

Patentanspriiche

1.

FlUssigkristallanzeige mit:

ersten und zweiten Substraten (20, 23);

einer FliUssigkristallschicht (22), die zwischen
den ersten und zweiten Substraten (20, 23) ein-
gebettet ist und einen polymervernetzten Flis-
sigkristall (PDLC) oder einen polymerdisper-
gierten Flissigkristall (PDLC) aufweist;

einer gemeinsamen Elektrode (21), die auf dem
ersten Substrat (20) bereitgestellt ist;
Transistoren (17), die auf dem zweiten Substrat
(23) fur jeweilige Pixel bereitgestellt sind;

einer reflektierenden Schicht (24), die iber den
Transistoren mittels einer ersten isolierenden
Schicht (32) bereitgestellt ist;

transparenten Elektroden (27), die oberhalb der
reflektierenden Schicht mittels einer zweiten
isolierenden Schicht (25) bereitgestellt sind und
elektrisch jeweils mit Drain-Elektroden der Tran-
sistoren verbunden sind;

Farbfilter (CF), die jeweils aufden transparenten
Elektroden bereitgestellt sind; und
Pixelelektroden (28), die auf den Farbfiltern (CF)
bereitgestellt sind und jeweils elektrisch mit den
transparenten Elektroden (27) verbunden sind,
wobei

die reflektierende Schicht (24) alle transparen-
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ten Elektroden (27) tberlappt, und

die transparenten Elektroden (27) mit der reflek-
tierenden Schicht (24) und der zweiten isolie-
renden Schicht (25) als Speicherkapazitaten
fungieren, die in den jeweiligen Pixeln enthalten
sind.

Flussigkristallanzeige nach Anspruch 1, wobei sich
die transparente Elektrode (27) uber die ganze Pi-
xelelektrode (28) erstreckt.

Flussigkristallanzeige nach Anspruch 1, ferner mit
ersten Kontaktstopfen (28A), die in den Farbfiltern
(CF) bereitgestellt sind und jeweils die Pixelelektro-
den (28) und die transparenten Elektroden (27) ver-
binden.

Flussigkristallanzeige nach Anspruch 3, wobei die
ersten Kontaktstopfen (28A) jeweils in zentralen Ab-
schnitten der Pixelelektroden (28) angebracht sind.

Flussigkristallanzeige nach Anspruch 1, ferner mit
einer dritten isolierenden Schicht (41), die auf einem
oder beiden der ersten und zweiten Substrate (20,
23) in Kontakt mit der Flussigkristallschicht (22) be-
reitgestellt sind.

Flussigkristallanzeige nach Anspruch 1, ferner mit
einer Lichtabschirmschicht (BM), die an Grenzab-
schnitten zwischen den Pixeln bereitgestellt ist.

Flussigkristallanzeige nach Anspruch 1, wobei be-
nachbarte Farbfilter (CF) an ihren Enden Uberlap-
pen, und

der Uberlappende Abschnitt als eine Lichtabschirm-
schicht fungiert.

Flussigkristallanzeige nach Anspruch 1, wobei ultra-
violettes Licht, das verwendet wird, um Monomere
in der Flussigkristallschicht (22) zu polymerisieren,
von der Seite des ersten Substrats gestrahlt wird.

Flussigkristallanzeige nach Anspruch 1, wobei die
gemeinsame Elektrode (21) und die reflektierende
Schicht (24) mit einer gemeinsamen Spannungs-
quellenschaltung (14) verbunden sind.

Flussigkristallanzeige nach Anspruch 1, wobei die
reflektierende Schicht (24) die Pixelelektroden (28)
Uberlappt.

Flussigkristallanzeige nach Anspruch 1, wobei die
reflektierende Schicht (24) die Transistoren (17) be-
deckt.

Flussigkristallanzeige nach Anspruch 1, ferner mit
zweiten Kontaktstopfen (26), die jeweils elektrisch
die Transistoren (17) und die transparenten Elektro-
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10

den (27) verbinden.

Revendications

Dispositif — d’affichage a  cristaux

comprenant :

liquides

des premier et deuxiéme substrats (20, 23) ;
une couche de cristaux liquides (22) enserrée
entre les premier et deuxieme substrats (20, 23)
et comprenant un cristal liquide a réseau poly-
mére (PNLC) ou un cristal liquide dispersé dans
un polymere (PDLC) ;

une électrode commune (21) prévue sur le pre-
mier substrat (20) ;

des transistors (17) prévus sur le deuxiéme
substrat (23) pour des pixels respectifs ;

un film réfléchissant (24) prévu au-dessus des
transistors via un premier film isolant (32) ;
des électrodes transparentes (27) prévues au-
dessus du film réfléchissant via un deuxieme
film isolant (25), et reliées électriquement a des
électrodes de drain des transistors,
respectivement ;

desfiltres colorés (CF) prévus sur les électrodes
transparentes, respectivement ; et

des électrodes de pixel (28) prévues sur les fil-
tres colorés (CF), et reliées électriquement aux
électrodes transparentes (27), respectivement,
dans lequel le film réfléchissant (24) chevauche
toutes les électrodes transparentes (27), et

les électrodes transparentes (27) avec le film
réfléchissant (24) etle deuxieme filmisolant (25)
fonctionnententant que condensateurs de stoc-
kage inclus dans les pixels respectifs.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel I'électrode transparente
(27) s’étend sur toute I'électrode de pixel (28).

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, comprenant en outre des premiéres
prises de contact (28A) prévues dans les filtres co-
lorés (CF), et reliant électriquement respectivement
les électrodes de pixel (28) et les électrodes trans-
parentes (27).

Dispositif d’affichage a cristaux liquides selon la re-
vendication 3, dans lequel les premiéres prises de
contact (28A) sont agencées respectivement dans
des parties centrales des électrodes de pixel (28).

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, comprenant en outre un troisiéme film
isolant (41) prévu sur l'un et/ou l'autre des premier
et deuxiéme substrats (20, 23) en contact avec la
couche de cristaux liquides (22).
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Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, comprenant en outre une couche de
protection contre la lumiere (BM) prévue au niveau
de parties limites entre les pixels.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel

des filtres colorés adjacents (CF) se chevauchent a
leurs extrémités, et

la partie de chevauchement fonctionne en tant que
couche de protection contre la lumiére.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel la lumiére ultraviolette uti-
lisée pour polymériser des monomeres dans la cou-
che de cristaux liquides (22) est émise par le coté
de premier substrat.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel I'électrode commune (21)
et le film réfléchissant (24) sont reliés a un circuit
commun d’alimentation en tension (14).

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel le film réfléchissant (24)
chevauche les électrodes de pixel (28).

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel le film réfléchissant (24)
recouvre les transistors (17).

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, comprenant en outre des deuxiémes
prises de contact (26) qui relient électriquement res-
pectivement les transistors (17) et les électrodes
transparentes (27).
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